
CONDENSATE COMPOSITION FROM ASTEROID IMPACTS Detlef de Niem1,
Ekkehart K̈uhrt1, Uwe Motschmann1,2, 1DLR Institute of Planetary Research, Rutherford Str.2, D-12489 Berlin,
Germany (detlef.deniem@dlr.de) and2Institute of Theoretical Physics, Technical University of Braunschweig,
Mendelssohnstrasse 3, D-38106 Braunschweig, Germany

Introduction: Impacts of meteorites, asteroids and
comets on the earth are sometimes capable of causing
vaporization of most of the impactor and a compara-
ble or larger volume of target rocks [10]; the average
impact velocity of near earth objects (NEOs) is∼ 20
km s−1 [14]. The Cretateous-Paleogene (K-P) boundary
thought to be due to impact of an extraterrestrial body,
is globally characterised by a layer containing spinel-
bearing spherules [5], associated with the maximum irid-
ium anomaly [13]. The chondritic meteorites Gujba
and Hammadah al Hamra (HH237), belonging to the
group of Bencubbin-like meteorites [3, 11], have been
hypothesized to result from collisions of proto-planets
in the early solar system [4]. Formation ages are∼ 5
Myr younger than those of calcium-aluminium-rich in-
clusions (CAI’s) [4].
Comparing primary condensate and K-P spinels:
Previous calculations of chemical equilibrium in impact-
generated vapour [2] related to the K-P boundary have
been confined toT < 2400 K and used a(P, T ) path ex-
tracted from hydrocode calculations. Our new equation
of state [9] is a semi-analytical development, incorpora-
tiong chemical equilibrium in the gas phase and using
an interpolation formula for the free energy [7]. Gaseous
species (183 formed by 26 elements) are from a model of
condensation in the solar nebula [12]. Atmospheric air is
a distinct material in hydrodynamics. This disregards the
role of interfacial instabilities for mixing with target ma-
terial. For a K-P-sized event, the hydrodynamic expan-
sion of an impact-generated plume is simulated in sim-
plified spherical geometry, the hydrodynamic algorithm
is a variant of [8]. The thermodynamic history of com-
putational cells is shown in Fig.1. As a post-processing
step we perform chemical equilibrium calculations with
condensed phases using an implementation of SOLGAS-
MIX [15] currently allowing three mixture phases. End-
members of liquid solution model(s) are a condensi-
ble subset of 26 elements and liquid CaO, FeO, FeS,
MgO, TiN, VN, ZrN, NiS, TiO, VO, NiS2, SiO2, TiO2,
ZrO2, Al2O3, Cr2O3, MgSiO3, MgTiO3, Ni3S2, Ti2O3,
V2O3, K2SiO3, Na2SiO3, MgAl2O4, Mg2SiO4, V2O5,
MgTi2O5, Ti3O5, Ti4O7, MgFe2O4 and FeAl2O4. Ini-
tial abundances of the vapor plume are from [6]. There
is some evidence for a carbonaceous chondritic Chicx-
ulub impactor [1], so the oxygen abundance (atomic) is
lowered by a factor of two, relative to CI and hydrogen
is reduced to simulate a dry asteroid. Data of electron-

Figure 1: Example hydrodynamic run for K-P-sized im-
pact. Impactor modelled as chondritic object, see text,
bulk properties of dunite, 50 % porosity, at 22 kms−1.
Symbols:(T, ρ) values in computational cells at differ-
ent times after impact, from a spherically symmetric sim-
ulation [9]. Curves: coexistence curve (Maxwell con-
struction from EoS, thick line, and from chemical equi-
librium solver, dash-dotted line). Region above the co-
existence curve corresponds to saturated vapour.

microprobe analyses of spinels from K-P spherules [5]
are displayed together with that of the high-temperature
condensate from chemical equilibrium calculations cor-
responding to a typical release path, see Fig.2. The over-
all composition of primary high-temperature condensate
is roughly compatible with the data from the Pacific K-P
spinels for such elements as Fe, Ni, Fe, Al, Cr, Ti. The
Ca and Si will form separate minerals or be incorporated
into silicate later.
Young chondrules in Gujba and Bencubbin: In sepa-
rate model runs of the chemical equilibrium program, the
question if ’young chondrules’ can be formed in a colli-
sion of large planetesimals is investigated. The compo-
sition of the (so-called) dark matrix material and that of
metal globules in Gujba and Bencubbin ([11], their table
3) is compared with that of model condensates, see Fig.3.
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Figure 2: Abundance of elements in K-P spinels analysed
by [5] as compared to condensation model results. Open
black squares: data for Pacific K-P spinels DSDP576
(upper part), DSDP803D (lower part). Curves: To in-
dicate compositional change with liquid fraction, model
values displaced into thex-direction in proportion to liq-
uid fraction.

Uncertainties arise due to the treatment of solution prop-
erties of volatiles like S above their liquid-vapour critical
temperature. At about 3000 K, depending on pressure,
an immiscible metallic phase appears, the overall atomic
of which well compares to that of metallic globules.

Figure 3: Abundance of elements in Gubjba and Bencub-
bin, dark matrix material, from Rubin et al. [11], their
table 3, compared to condensation model. Blue curve:
model condensation path.
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