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Abstract
Mapping of the largest impact basins on the terrestrial
planets reveals that many have elliptical planforms.
In contrast, less than 5% of small impact craters are
elliptical. Elliptical craters are formed if the impact
angle is shallower than a threshold angle. A possi-
ble explanation for the high number of large elliptical
basins is that high relative surface curvature—the ratio
of impactor-to-planet diameter—may increase the el-
liptical crater threshold angle and encourage elliptical
crater formation. Numerical simulations of strength-
dominated cratering on curved bodies show that rela-
tive curvature has the opposite effect, requiring an al-
ternative mechanisms for elliptical impact basin for-
mation.

1. Introduction
Recent measurements of the largest impact basins in
the Solar System suggests a propensity for elliptical
crater formation in basin-forming impacts. Four of the
six largest impact basins in the Solar System, and six
of the eleven basins with diameters larger than 500 km,
have an ellipticity (e = length/width) greater than 1.2
[1]. At smaller crater sizes, elliptical craters account
for only ∼ 5% of the total population.

Elliptical craters are formed by oblique impact if the
trajectory angle to the target plane is less than a thresh-
old angle θe. As this threshold angle increases with
decreasing cratering efficiency—the ratio of crater di-
ameter to impactor diameter—the propensity for large
impacts to produce elliptical craters can be partially
explained by the decrease in cratering efficiency with
increasing crater size [2]. However, unless large basins
have a cratering efficiency less than two, an additional
mechanism is required to promote elongation of the
crater in large impacts.

As the large elliptical basins on Mars and the Moon
have diameters comparable to the planetary radius, a
potential cause of crater elongation is the curvature of

the planet [1]. However, SPH simulations of giant im-
pact crater formation on Mars suggest that the elliptic-
ity of large impact basins is not affected by planetary
curvature until the ratio of impactor to planet diame-
ter exceeds ∼0.3 and may even decrease with impact
angle in very grazing collisions [3]. To address this
controversy we quantify the effect of relative curva-
ture on impact crater formation in strength-dominated
impacts using iSALE-3D.

2. Methods
iSALE-3D is a three-dimensional, multi-material and
multi-rheology finite difference shock physics code
used for simulating impact processes [4, 5, 6, 7, and
references therein]. iSALE-3D has been used previ-
ously to explore the effect of impact angle on crater
size and shape in frictional (geological) targets [5] and
strong, ductile metal targets [8].

Here we used iSALE-3D to simulate the oblique
collision of two spheres of different sizes (Fig. 1) for
comparison with the results of oblique impacts on
a planar surface [8]. Three different size ratios be-
tween the impacting sphere (diameter Di) and the tar-
get sphere (Dt) were considered (χ = Di/Dt = 0.04,
0.08 and 0.2). Impact angle α measured relative to the
tangent of the target at the point of impact was varied
between 10◦ and 90◦ (vertical).

Figure 1: Oblique collision between two spheres with
a size ratio of 0.2 at 20◦ from the tangent surface.

For simplicity and to allow the simulation results to
be tested by laboratory experiment we used a simple
material model appropriate for a strong, ductile metal
for both the impactor and target; this comprised the
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Table 1: Results from impact simulations. L/Di andW/Di are crater length and width measured across the sphere
and normalized to projectile diameter, respectively; e is the crater ellipticity, calculated as e = L/W . Y =20 MPa.

χ 0.2 0.08 0.04 Flat
α L/Di W/Di e L/Di W/Di e L/Di W/Di e L/Di W/Di e

10 1.01 0.92 1.10 1.51 1.31 1.15 1.87 1.25 1.50 3.26 1.91 1.71
15 1.56 1.56 1.00 2.30 1.98 1.16 2.48 2.01 1.23 3.40 2.72 1.25
20 2.35 2.36 0.96 2.82 2.80 1.01 3.16 2.78 1.14 3.78 3.45 1.10
30 4.42 4.36 1.01 4.34 4.32 1.00 4.44 4.27 1.04 4.62 4.57 1.01
40 5.43 6.11 0.89 5.64 5.61 1.01 5.37 5.29 1.04 5.33 5.30 1.00
90 Destructive 7.97 7.90 1.01 7.05 7.03 1.00 6.35 6.35 1.00

Tillotson equation of state with parameters for alu-
minium and a simple von Mises shear strength model
(constant shear strength of 20-200 MPa). Impact ve-
locity was kept constant at 5 km/s and gravity was ne-
glected. The smaller sphere was resolved by at least 8
cells in every scenario.

3. Results and Discussion
The results of our parameter study are summarised
in Table 1. Several interesting trends are observed.
Defining θe as the impact angle below which crater el-
lipticity first exceeds 1.1, we observe that θe decreases
with increasing impactor-to-target size ratio χ. Hence,
contrary to the geometric “footprint" model of [1] el-
liptical crater formation is suppressed rather than en-
hanced by increased target curvature. Although the
data are limited, we observe no increase in crater ellip-
ticity at angles below the threshold angle for χ ≥ 0.08.
For steep impact angles α > 45◦, cratering efficiency
increases with increasing impactor-to-target size ra-
tio (at fixed impact angle) because as the surface be-
comes more curved the crater diameter is greater for
the same excavated mass. However, at low impact an-
gles α < 30◦ cratering efficiency decreases with in-
creasing χ owing to the dramatically reduced coupling
between impactor and target in grazing impacts on a
curved surface.

Our results suggest that planetary curvature cannot
explain the high number of large elliptical craters. Al-
ternative mechanisms for elliptical impact basin for-
mation include binary asteroid impact, elongated as-
teroid impact and the offset between the crater centre
and the centre of the thermal anomaly.
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