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Introduction:  The parent bodies of differentiated 

meteorites such as HED meteorites and iron meteorites 
have been formed by the thermal evolution of the planete-
simal interiors in the planetary accretion process. The 
thermal evolution would produce a lot of growing bodies 
with layered internal structure by pressure sintering, melt-
ing and gravity differentiation of the constituent materi-
als; for example they might have an iron core- silicate 
mantle. The collisional fragmentation of the core-mantle 
bodies could have produced various types of meteorites 
such as stony meteorites and iron meteorites.  

Impact experiments and numerical simulations using 
homogeneous materials such as silicate have been con-
ducted to simulate the collisional disruption of small bod-
ies such as asteroids [e.g., 1, 2]. Also, impact experiments 
on iron meteorites were performed to know the collisional 
disruption of the iron meteorite parent bodies [3]. How-
ever, there is a shortage of previous studies on collisional 
phenomena of inhomogenous bodies with core-mantle 
structure: a small number of experiments and numerical 
simulations using core-mantle target were conducted to 
study the effect of layered structure. Some numerical 
simulations modeling terrestrial planets with an iron core 
and rocky mantle showed that the existence of a core lead 
different outcomes relative to those from homogenous 
bodies because of the difference between material proper-
ties of core and mantle [4, 5]. Also, impact experiments 
using silicate core-porous mantle targets were conducted 
to simulate rocky-layered bodies which could be formed 
at an initial stage of thermal evolution [6]. Okamoto and 
Arakawa (2008) showed the effect of the layered structure 
on impact fragmentation and showed energy fraction of 
the core and the mantle from estimation of the impact 
energy partitioned into the core. However, we have no 
data concerning the fragmentation condition of iron core- 
silicate mantle bodies. 

 In this study, we conducted impact experiments on 
core-mantle targets with metal cores covered with porous 
mantle in order to study the collisional disruption of iron 
meteorite parent bodies. We prepared the targets with 
different core/target size ratios in order to simulate the 
various degrees of internal evolution. We obtained the 
impact strength, destruction mode and size distribution of 
impact fragments as a result of the collision. Using these 
results, we discuss the impact condition necessary to de-
struct an iron meteorite parent body from the energy frac-
tion partitioned into the iron core. 

Experimental methods:  We prepared bare metal 

spheres and iron spheres surrounded by gypsum mantles to 
simulate parent bodies of iron meteorites. The densities of 
metal core and gypsum mantle are 7800 kg/m3 and 1200 
kg/m3, respectively. Gypsum has a high porosity of ap-
proximately 50%. It is better that we use silicate rock as 
the analog of the mantle. However, we used gypsum as the 
mantle for the purpose to simplify the discussion as de-
scribed below and compare with our previous results [6]. 
Gypsum was cast into a hemispherical mould in which the 
metal sphere was set accurately at the center. After we let it 
dry naturally for several minutes to increase the adhesion 
between the metal and gypsum, it was covered with an-
other hemispherical mould filled with gypsum. The sample 
was then dried for a few days at room temperature, and 
was removed from the moulds before the shot. We changed 
the target mass from 20 to 60 g in order to control the 
mean energy density, kinetic energy per unit target mass.  

The ratio of core mass to total target mass (RCM) is a 
crucial parameter characterizing the internal structure of a 
core-mantle body. RCM was changed from 0 to 1 by vary-
ing the sample mass and the core diameter to investigate 
the outcomes of impact fragmentation in different internal 
structures. In the case of RCM of 0 and 1, the targets mean 
homogenous gypsum spheres and metal sphere targets, 
respectively.  

Impact experiments on the core-mantle targets and 
homogenous metal targets were conducted by using a 
two-stage light-gas gun at JAXA. The data of the gypsum 
targets were shown in Okamoto and Arakawa (2009) [6]. 
The target was suspended by threads in a target chamber 
which was maintained in vacuum at a pressure less than 
10 Pa. Spherical nylon projectiles whose density, diame-
ter and mass were 1100 kg/m3, 7 mm, and 200 mg, re-
spectively. A head-on collision was carried out between 
the nylon projectile and the target in each run. The impact 
velocities (Vi) determined using a pair of laser beams per-
pendicular to the direction of impact were within 4 - 6 
km/s: Qt was between 5 × 104 and 2 × 105 J/kg. The colli-
sional disruption was observed by using a high-speed 
digital video camera at 3.2×104 frames per second. The 
observation was made by lighting from the backside of 
the target using a metal-halide lamp. Furthermore, we 
recovered all the impact fragments dispersed in the cham-
ber after each impact in order to reconstruct the size dis-
tribution of fragments. 

Results and discussion:  The largest fragment mass 
normalized by the original target mass (ml/Mt) is a vari-
able parameter to show the degree of impact disruption 
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[e.g., 1, 2]. The ml/Mt of homogenous targets such as gyp-
sum and iron depend on the mean energy density: the 
ml/Mt simply decreases with the increase of the mean en-
ergy density [e.g., 1, 3]. In our experiments, a bare iron 
target was completely disrupted at high mean energy den-
sity (~1×105 J/kg), so that the maximum fragment of the 
target was less than half of the initial mass. The data of 
our iron spheres showed a good agreement with previous 
data of iron meteorite (Fig. 1). Thus, we can expect the 
impact strength of our iron target are similar to that of 
iron meteorite. If so, the mean energy density required for 
the onset of the disruption of bare iron target (Qmetal

*) 
were supposed to be ~5×104 J/kg. 

The fragmentation of the iron core-gypsum mantle 
targets was mainly classified into iron core destruction 
and iron core intact modes, strongly depending not only 
on the mean energy density but also on internal structure 
(RCM). The iron core destruction mode was observed at the 
RCM close to unity whereas iron core intact mode appeared 
at the low RCM range at a constant mean energy density. 
The mean energy density needed to disrupt the core was 
larger than Qmetal

*. This means that the effective energy 
density given into the core reduced by the absorption of 
the impact energy in the porous mantle; the core was dis-
rupted when the energy given into the core exceeded the 
threshold of impact energy needed to the core disruption. 
Okamoto and Arakawa (2008) quantitatively estimated the 
energy fraction (f) applied to the cores of glass core-
gypsum mantle targets using the largest core fragment 
mass; the energy partitioned into the core simply increased 
from below 10-3 to close to 1 with RCM. We obtained the 
power law relationship as follows: 

f = RCM
m,                     (1) 

 where m is 2.6±0.5.  From the estimation, we showed that 
the RCM controls the collisional outcomes of core-mantle 
targets [6].  

We can deduce that attenuation rate of shock wave in 
the mantle and the impact strength of the core to deter-
mine the boundary condition of core destruction. Provided 
the impact fragmentation of the core-mantle target gener-
ally depends on the internal structure (RCM) and the mantle 
properties such as porosity and density concerning shock 
wave propagation, we could apply the scheme to estimate 
energy fraction shown in Okamoto and Arakawa (2008) to 
various types of core-mantle targets including not only 
glass core-gypsum mantle targets but also iron core-
gypsum mantle targets. Therefore, we estimated the en-
ergy fraction of the iron cores of the targets along with the 
case of the glass core to investigate the relation of the RCM 
with the energy fraction. In this study, we purposely used 
gypsum as is the case with that used in Okamoto and Ara-
kawa (2008) as the mantle material because it is appropri-
ate that we reduce variable parameters in order to examine 
how the energy fraction of core affects material depend-
ence.  

We studied the disruption condition of the iron core in 
the core-mantle bodies. As a result, the energy fraction of 
the iron core (f) simply increased with RCM, and the f val-

ue remarkably fitted to Eq.(1). Hence, the core disruption 
condition strongly depended on the RCM regardless of core 
materials when we fixed mantle properties. Provided that 
we change a mantle material from gypsum to silicate 
without change of the core material, we suppose the en-
ergy fraction dedicated to the core enhances because at-
tenuation rate of shock wave reduces. As a result, the 
destruction of the iron core would promote in comparison 
with the case of porous mantle.  
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Fig. 1  Largest fragment mass versus mean energy density. A 
solid line shows the data of metal shown by Holsapple et al. 
(2002). A dashed line and a dotted line show the gypsum 
data and glass data shown by Okamoto and Arakawa (2008), 
respectively. Closed squares show the cores in iron core-
gypsum mantle targets. Opened squares show our bare iron 
spheres. Closed and opened circles are gypsum and soda-
lime glass (and quartz) by Okamoto and Arakawa (2008), 
respectively. 
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