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Introduction:  The disruption limit for small icy
bodies is of interest as regards understanding the
evolution of such bodies under impact. This influences
the size distribution of the many small icy bodies in the
outer Solar System (e.g. Edgeworth-Kuiper Belt objects
etc). It is also of interest in determining the fate under
impact of comet nuclei, small icy satellites of outer
planets, and even potentially of Pluto. Although mean
impact speeds in the outer Solar System (e.g. 1.44 km s -1

for Pluto [1]) are accessible to laboratory experiment,
the necessary target and projectile sizes are not. Never-
theless, laboratory investigation is a useful tool to ex-
plore what happens in impacts on finite icy bodies (i.e.
ones where the consequences of the impact are on a
size scale similar to the target body). As the energy
density (Q, J kg -1) in an impact increases, the size of the
resultant crater grows to be a significant fraction of the
target body size, and then above a critical energy den-
sity (Q*), disruption occurs instead of cratering. The
energy density (Q*) at this transition can be deter-
mined by experiment.

There have been several past experiments to deter-
mine Q* for icy bodies. This has been done for low
speeds (100 to 300 m s -1) on solid ice targets [2], for low
speeds on porous ice targets [2,3] and high speeds (2.3
to 4.7 km s-1) on solid ice targets [4]. In addition, cata-
strophic disruption has been reported at low speeds
(150 to 670 m s-1) for impacts on porous ice and porous
ice-silicate mixed targets [5,6]. Given, that the Solar Sys-
tem impact speeds can be matched in the laboratory, we
report here on high speed (1 to 7 km s-1) impacts on
solid and porous ice targets.

Experimental method:  We use spherical copper
projectiles (1 mm diameter) fired with a two stage light
gas gun. The targets were water ice at a temperature of
approximately -18 °C. After being made the targets were
left in a freezer for 96 hours before use. The solid ice
targets were roughly spherical, some 10 or 11 cm in
diameter. The porous ice targets were also spherical
and were made from compressed ice flakes and were
typically 6 to 7 cm diameter. By adjusting the amount of
compression, a differing porosity resulted. Here we
define porosity as the fraction of the target body that is
void space, i.e. 1 - (the measured density of the object
divided by the density of solid water ice at the same
temperature). Thus a porosity of 0 is solid ice, and a
porosity of 1 would be the absence of a physical target.
We have carried out 19 impacts, all at normal incidence.
Nine were on solid ice targets. Eight were on targets

with porosity of 50%, and 2 were on targets of porosity
25%. By varying the impact speed in the range 1 to 7
km s-1, it was possible to scan across the energy den-
sity (Q, J kg -1) required to disrupt the targets. The tar-
gets were weighed before and after each shot (after a
shot the mass of the largest fragment was recorded). At
Q < Q*, clear craters were observed and the crater di-
ameters were measured. As Q increased past a critical
value, disruption rather than cratering was observed.

1 10 100
0.01

0.1

1

 y = (0.66±0.17)x
-(0.58 ±0.09)

, r
2
 = 0.94

M
as

s 
ra

tio
 (a

fte
r/t

ot
al

)

Energy density (J kg-1)

Fig 1. Mass fraction (after/before) vs. impact energy
density for solid ice.
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Fig 2. Mass fraction (after/before) vs. impact energy
density for porous ice.

Results:  The ratio of the mass of the largest frag-
ment after impact / the mass of the target before impact
(mf /mt) is plotted vs. Q in Fig. 1 for the solid ice targets.
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There is a discontinuity in the data between Q of 4.9
and 9.0 J kg -1. In this range there is a sudden drop in
the ratio mf /mt indicating the transition from cratering
to disruption. This gives 4.9 < Q* < 9.0 J kg -1. The data
in Fig. 1 at higher Q values have been fit with a power
law (shown as solid line on Fig. 1). Traditionally the
value of mf /mt = 0.5 is taken as the onset of disruption,
and this can be obtained from the fit in Fig. 1 by ex-
trapolation. This yields Q* = 1.6 J kg -1, slightly lower
than the bounds set directly by the data themselves.
Previously at high speed Q* was found to be approxi-
mately 40 J kg-1 [4], where as at lower speeds it was
found to be approximately 10 - 50 J kg-1 [2].

In Fig. 2 we show mf /mt vs. Q for the impacts on po-
rous ice. The open circles are the data for impacts on
targets of 25% porosity and the solid squares are for
targets of porosity 50%. The data for porosity 50%
show a cluster at approximately mf /mt  = 0.6 (400 < Q <
700 J kg-1), probably indicating the limit between cra-
tering and disruption. The data for 50% porosity with
mf /mt < 0.6 were fit with a power law (shown as a solid
line on Fig. 2). Taking mf/mt = 0.5 as being associated
with the value for Q* we find Q* = 708 J kg -1. This is
significantly greater than that we found for solid ice
(factor of 400). More data will be taken at high Q values
to improve this extrapolation. The power law for mf /mt

vs. Q found for solid ice is shown on Fig. 2 as a dashed
line. The two data sets are clearly distinct. However,
the slope (i.e. power) is similar in both cases. The data
for impacts onto targets with porosity 25% is interme-
diate between the two other data sets, indicating that
Q* is evolving with porosity, albeit it in a highly non-
linear fashion.  By contrast, at low speeds, it was previ-
ously reported [3] that target porosity had no signifi-
cant effect on Q* and that no difference was obtained
for Q* evaluated for solid ice and ice targets with 40 -
50% porosity.

Conclusions:  At impact speeds similar to those ex-
pected in the outer Solar System, we have determined
the transition from cratering to catastrophic disruption
for ice targets of size approximately 5 - 10 cm. As target
porosity is introduced there are significant changes in
the energy density required for disruption. An increase
from no porosity to 50% porosity increases Q* by a
factor of approximately 400. This is in direct contradic-
tion to the results obtained by other researchers at low
impact speeds [3]. More data is being obtained to con-
firm these results and explore further the dependence
on target porosity.

For solid ice bodies, modelling indicates that Q* is
expected to fall as target size increases.  But it is pre-
dicted for example, that Q* for impacts on ice at 3 km s-1

falls by less than 1 order of magnitude as target size is
increased from 10 cm to 1 km. At larger target sizes, Q*

increases because to disperse the fragments requires
work against the self gravity of the body and this
dominates at the larger sizes.

Small icy bodies, such as comet nuclei, may still just
lie in the size range (a few km) where Q* is still domi-
nated by the energy required for splitting rather than
for dispersion. However, more modelling is required to
indicate how Q* varies with target size for porous ice
bodies before realistic estimates of the energy density
needed to catastrophically disrupt a comet nucleus can
be obtained. Nevertheless, based on the data here, it
will be significantly greater than the energy required to
disrupt a similar sized solid ice body.
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