


age impact conditions (in total >1000 SF model simu-
lations were performed). ‘Pancake’ model simulations 
were performed over the range 1-1012kg. All simula-
tions were at average asteroidal impact velocities and 
entry angles: 18 km/s and 45º respectively. 

Results and discussion:  When the model outputs 
are compared we find that ‘pancake’ and SF model 
estimates of total surviving material at the surface co-
incide tolerably well for irons, but the same is not true 
for stones. A ‘pancake’ model with spreading to x2 
initial radius is typically chosen, which significantly 
overestimates impactor survivability for stones over 
the whole mass range. SF and ‘pancake’ results only 
converge when we consider spreading to x4 initial 
radius (much larger than typically used) and only for 
initial masses >107kg (possibly as larger stones behave 
as a liquid-like ‘swarm’ of fragments). 

SF modelling also quantifies the dramatically dif-
ferent survivability of iron and stony impactors. Over 
the mass range 103-107kg iron impactors transfer to the 
surface ~3 orders-of-magnitude more energy/unit area 
than stones: a fragmented iron impactor of 105kg pro-
duces a similar crater-field to a fragmented 108kg 
stone (Figure 1). Even larger stony bodies of ~108-
1010kg are much less efficient at transferring energy to 
the surface  

 

 
 

Figure 1. Crater fields for iron (top row) and stony (bottom 
row) bodies for a range of pre-entry masses. Sizes of circles 
approximately equal the size of impact craters - dots are for 
<10m pits. For stones, although a small percentage of the 
impactor reaches the surface, even a 108kg mass does not 
lead to impact crater formation. 

 

than the equivalent iron impactor. SF model simula-
tions constrain the mass- velocity-distribution of these 
fragments, allowing us to derive morphologies of 
simulated crater fields. The SF results are in good 
agreement with terrestrial crater records, and also with 
available meteorite data. 

A compilation of flux data for the top of the 

Earth’s atmosphere [12-19] is found to match the size-
frequency distribution of impactors derived from the 
lunar mare crater record [25,26] (after crater data is 
scaled to projectile diameter [27,28]) to within a factor 
of 3 over 16 orders of magnitude. We therefore take 
this curve for our flux at the upper atmosphere, and 
scale it to a flux at the surface based on our database of 
impact simulations and an estimate of impactor com-
position at the upper atmosphere [20-24]. 

Conclusion:  This analysis constrains the impactor 
flux at the Earth’s surface over the mass range 102-
1012kg. Our data indicate a significantly lower surface 
flux than some previous studies have suggested [29]. 
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