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Introduction: Observational data [1][2] and numerical mod-

elling [3][4] show that 15% of the Near Earth Asteroid (NEA) 
population are binary. However, the observed crater populations 
on Earth [5] and Venus [6] indicate that the number of doublet 
impact craters is much less than 15%. This discrepancy could 
originate from the assumption that may imply that not all binary 
asteroids create a clearly separated doublet crater, many could 
form a single or a complex shaped crater. In this work we use 
numerical modelling to quantify the threshold for the formation 
of distinct doublet craters on Earth and compare the complex 
crater morphology formed by a closely-separated binary asteroid 
impact with that formed by oblique single asteroid impact. 

Background: Identification of craters formed by binary as-
teroid impact on Earth is not simple because the craters are ob-
scured by erosion and the presence of oceans. Conversely, on 
less active planetary bodies identifying doublet craters is ham-
pered by a saturation of craters [6]. A rare example of a terrestrial 
doublet crater is Clearwater East and West that is estimated to 
have formed 290±20 Myr ago [7]. The low probability of two 
craters forming so close together in space and time suggests they 
were formed at the same time by a binary asteroid. Clearwater 
East and West craters are 32 km and 22 km in diameter, respec-
tively. Applying impact scaling laws [8] to the size of these cra-
ters we estimate that the impacting binary asteroid comprised a 
3.3-km diameter primary and 2.1-km diameter secondary. The 
two craters are separated by 28.5 km, which corresponds to 11 
times the primary asteroid diameter (Dp). 

Method: The iSALE-3D hydrocode [9] was used to simulate 
binary asteroid impacts on Earth, using a granite material model 
as a representative for Earth’s surface and the asteroids. In the 
simulations, the asteroid diameters were: (i) Dp=1200 m for the 
primary and Ds=600 m for the secondary asteroid and (ii) 
Dp=Ds=600 m. The separation between the binary components  
(L) was varied from 1.25 Dp to 10 Dp. These values are repre-
sentative of Ds/Dp and L for binary asteroids in NEA region, 
based on current observations [1].  

Results: Preliminary results show that impact of a closely-
separated binary asteroid forms an elongated crater shape. For 
case (i) a single crater forms with a tear drop shape for L<8 Dp; a  
doublet crater is formed if L>8 Dp. For case (ii) a single, ellipti-
cal crater is formed for L<6 Dp, if 6<L<8 Dp the elliptical crater 
starts to show two off-centre peaks and only for L>10 Dp does 
the impact form a doublet. 
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