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Introduction: Previous studies have shown that the volume 

of impact melt generated and its volume relative to fragmented 
rock increases with crater diameter [1-3].  In a comparison of the 
parameters affecting impacts on different planetary surfaces, 
Grieve and Cintala [4] also suggested the melt volume associated 
with similar-sized transient craters is nearly 6 times greater on 
the Earth and Venus than on the Moon.  Comparisons of this type 
were derived from analytical expressions that assume a vertical 
impact trajectory and, thus, are limited to only a small proportion 
of the impacts that occur on a planet.  The most probable trajec-
tories have impact angles of 45º [5] and impact events with even 
shallower inclinations are possible. Recently computer codes 
have been developed that allow three-dimensional simulations of 
impact events.  One numerical study [6] used hydrocode model-
ing to determine the amount of melt produced by impacts at vari-
ous impact angles on Earth and showed that it decreases with 
impact angle.  We use that type of result to render an easy-to-use 
analytical expression for calculating impact melt volumes. 

Results: Our analytical expression is derived for melt vol-
umes produced by oblique impacts as a function of gravity, im-
pact velocity, impact angle, and density of impact projectiles and 
target surfaces on the Earth, Moon, and Mars.  The most prob-
able oblique impact (45º) produces ~2 times less melt volume 
than a vertical impact, and ~2  to 7 times more melt than impacts 
with 30º and 15º trajectories, respectively.  The melt volume for 
a particular crater diameter increases with gravity and impact 
velocity, so a crater on Earth will have more melt than similar-
size craters on Mars and the Moon.  For example, the formation 
of a transient crater with a particular diameter on Earth generates 
~3 times more melt than on Mars and ~5 times more melt than on 
the Moon.  However, the melt volume for a particular projectile 
diameter does not depend on gravity, but has a strong depend-
ence on impact velocity, so the melt generated by a given projec-
tile on the Moon is ~2 times greater than that on Mars.  Collec-
tively, these results imply thinner central melt sheets and smaller 
proportion of melt particles in impact breccias on the Moon and 
Mars than on Earth.   
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