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Introduction:  Several lines of evidence suggest 

that CB chondrites condensed from the plume created 
in a large impact [1, 2, 3]. Pd/Ir ratios in unzoned met-
al grains in the CBa chondrites require condensation 
from a gas with partial pressures of siderophiles many 
orders of magnitude higher than possible for the solar 
nebula [1], a fact confirmed by [4]. The plume in 
which condensation of both metal and chondrules in 
CBas occurred was ascribed to a protoplanetary impact 
between a metallic and a low-FeO silicate body [1]. 
Chemically zoned metal grains in the CBbs are also 
zoned in Fe isotopes, with light isotope-enriched cores 
grading outward to heavier compositions at their rims 
[5, 6], suggesting rapid, kinetically-controlled conden-
sation as might be expected in an impact plume. Com-
plementary Fe isotopic mass-fractionations between 
metal grains and chondrules in both CBas and CBbs [6, 
7] indicate that the metal grains and chondrules are 
cogenetic, and that both CB chondrite types probably 
formed in the same process. The aim of the present 
work is to determine what the composition of the sili-
cate impactor must have been in order that the compo-
sitions of the silicate droplets that condensed from its 
vapor plume under the same conditions as the metal 
grains match the compositions of chondrules observed 
in the CB chondrites. 

Technique:  At first, the impacting planetesimals 
were assumed to be a low-FeO, silicate-rich body and 
a metallic body containing solar proportions of Fe, Ni, 
Pd and Ir, as in [1]. A third component, residual nebu-
lar gas complementary to H chondrites, was also as-
sumed to be present. The enrichments of the plume in 
matter from the metallic body and from the silicate-
rich body relative to hydrogen were allowed to vary 
independently. The VAPORS program [8] was used to 
calculate the equilibrium compositions of silicates that 
co-condense with metal, and the bulk Fe, Ni, Co and 
Cr contents of that metal as a function of T at various 
combinations of dust enrichments and Ptot.  Pd and Ir 
contents of the metal were then calculated using the 
same vapor pressure and activity coefficient data as in 
[9]. As work progressed, it was found necessary to add 
a fourth, more Ca- and Al-rich component to the 
plume. 

Results:  Fig. 1 compares computed trends of con-
densate metal grain compositions with observed bulk 
compositions of unzoned [1] and zoned [9] metal 
grains in CBs. Even at very high metal enrichments in 

the plume, the high Ptot needed to fit the Pd/Fe vs Ni/Fe 
trends in the unzoned metal grains, as well as the con-
trastingly low value of Ptot needed to match the com-
positions of the zoned metal grains are typical. In Fig. 
3, compositions of CC, SO and BO [10, 11] 
chondrules and chondrule-like objects from CBs are 
plotted (BO plotted as SO) in a portion of the 
CaO+Al2O3-MgO-SiO2 triangle, and form an array 
with CaO+Al2O3 varying from 0 to 25 %. When any 
silicate rock is vaporized in this system, the variation 
with temperature of the composition of the subsequent-
ly recondensed silicate assemblage starts at the 
CaO+Al2O3 apex, increases its MgO content while 
passing well to the SiO2-poor side of the chondrule 
array, and finally veers toward the SiO2 apex, always 
crossing the array at only a single point if CaO+Al2O3 
of the starting material is low enough. Thus, the 
chondrule composition array cannot be reproduced by 
condensation from a vapor plume formed by impact 
between a metallic body and either a chondrite, an 
aubrite, a diogenite, a howardite, a eucrite, a dunite or 
a harzburgite. The higher the CaO+Al2O3 of the vapor-
ized rock, the higher the CaO+Al2O3 will be at the 
point where its recondensation product crosses the 
chondrule array. This suggests that the chondrule array 
can be explained by the impact model only if two sili-
cate components were vaporized in the impact, one 
with high CaO+Al2O3, such as a howardite, and one 
with a much lower CaO+Al2O3 content. If the impact 
plume is spatially heterogeneous, containing variable 
proportions of the two vaporized silicate components, 
a family of recondensation trajectories will result that 
cross the chondrule array from end to end. 

Noting the solar proportions of siderophiles in CR 
chondrite metal [12] and oxygen isotopic similarity of 
CR silicates to those in CBs, we assumed that one of 
the impacting bodies was a CR chondrite that had dif-
ferentiated into a core and mantle. MELTS [13] was 
applied to the bulk composition of volatile-free 
Renazzo [14] to compute the equilibrium metal and 
silicate compositions at 1900K and log fO2 =IW-2.5, 
and Cr was distributed between them as in [15]. This 
metal composition was adopted as the CR core com-
ponent of the plume. When MELTS was used at 
1460K and the same fO2, the complementary silicate 
was found to consist of 20% liquid, which was as-
sumed to form a crust, and 80% solid with relatively 
low CaO+Al2O3, referred to as CR mantle. The crust 
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was assumed to have been stripped away by impacts 
prior to the CB-forming impact between the residual 
CR planetesimal and a body with the overall composi-
tion of the Kapoeta howardite [16]. When enough CR 
core and total silicate are present in the plume to yield 
atomic Ni/H and Si/H of 104 and 1500 x their solar 
values, resp., and Ptot of the plume is 10-2 bar, the cal-
culated trajectory of liquid condensate metal composi-
tions is a good fit to the Pd/Fe (and Ir/Fe) vs Ni/Fe 
(Fig. 1) and Cr vs Ni (Fig. 2) trends seen in unzoned 
CB metal grains. Zoned grain compositions are fit at 
lower Ptot, where they condense as solids. Trajectories 
of silicate compositions computed for various CR 
mantle/Kapoeta ratios sweep through the entire range 
of CaO+Al2O3 contents of CB chondrules (Fig. 3) and 
capture the negative slope of their FeO vs SiO2 trend 
(Fig. 4).  

Conclusions: A set of physico-chemical conditions 
was found that allows co-condensation of metal and 
silicate compositions like those in CB chondrites from 
a plume of vaporized planetesimals, but only if the 
bodies that impacted to form the plume had contrasting 
silicate compositions whose relative proportions varied 
spatially within the plume. 
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