
Background 

G iant impacts are an important component of planet formation.  In 

our own inner solar system giant impacts have been proposed to 

explain the Mercury’s large core fraction[1], the formation of the Moon[2], 

and the Martian hemispheric dichotomy[3]. 

Giant impacts release substantial quantities of debris.  The formation of a 

planet like Earth results in the release of around 0.15ME
[4] — a mass 

greater than Mars.  

Once released into the solar system the debris will interact with the 

planets, and from the sheer masses alone, it is clear that the effects of 

these interactions on the forming planets will not be insignificant. 

It is only recently however that the consequences of these debris releases 

have begun to be studied from an astronomical perspective[5,6], and the 

geophysical consequences have not yet been explored in any detail. 

Fig. 1: Cumulative mass and number of impactors (upper) and impact rate 

(lower) for a large (N = 105 particle) simulation of debris from the Moon-

forming impact and a smaller (N = 4x104 particle), simplified, simulation of 

debris from the Martian hemispheric dichotomy (MHD) impact.  The Moon

-forming impact releases 1.3ML of debris and the MHD impact releases 

0.3ML.  Masses are converted into numbers of impactors assuming a size 

distribution with and a maximum size of 500km. 

References 
1Benz W., et al., 2007, Space Sci. Rev. 132:189-202 
2Canup R.M., 2004, ARA&A, 42:441–475 
3Marinova M.M., et al., 2008, Nat., 453:1216–1219 
4Stewart S.T., Leinhardt Z.M., 2012, AJ , 751:32 
5Jackson A.P., Wyatt M.C., 2012, MNRAS, 425:657–679 
6Jackson A.P., et al., 2014, MNRAS, 440:3757–3777 
7Bottke W.F., et al., 2014, Lunar Planet. Sci. Conf., 45:1611 

Background image: Tim Wetherell, Australian National University 

Cratering 

A  large proportion of the 

debris released in a giant 

impact will eventually strike one 

of the terrestrial planets, 

including the progenitor body.  

On worlds with old surfaces, 

such as the Moon, Mars and 

Mercury, this can result in 

impact craters that would still 

be visible today. 
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Testing the Martian hemispheric dichotomy impact 

I t has been proposed that the Martian hemispheric dichotomy is the 

result of a glancing giant impact that struck the northern hemisphere[3].  

This impact would have released around 0.3ML of debris and produced a 

magma ocean on the northern hemisphere.  Much of this debris would 

have returned to re-impact Mars later, however craters would not be 

recorded in the northern hemisphere until a solid crust had re-formed.  

Depending on the timescale for crust re-formation, there should thus be a 

difference in cratering between the northern and southern hemispheres. 

Disrupting the early Lunar crust 

O n large planets like Earth magma ocean solidification is expected to 

proceed from the bottom upwards, however on small, dry, bodies 

like the Moon buoyant plagioclase can form a solid layer floating on the 

surface of a liquid magma ocean below.  This thin floatation crust is weak, 

and large impactors will be able to punch through it.  The high flux of 

debris re-impacts soon after Moon formation means we expect the early 

lunar crust to have many magma ‘ponds’ where holes have been created, 

and it may even be disrupted entirely.  The presence of a solid lid strongly 

effects the cooling rate of the magma ocean below, so disruption of the 

early crust would be very important for the thermal history of the Moon. 

Entraining material in the asteroid belt 

A s well as striking the planets, giant impact debris will also 

interpenetrate with the asteroid belt.  Collisions between debris and 

asteroid belt bodies may leave detectable signatures[7].  In addition, 

secondary fragments from debris — asteroid collisions, might be placed 

onto stable orbits, becoming part of the asteroid belt. 

Magma Oceans 

B odies that have recently 

undergone a giant impact 

will be at least partially covered 

by a magma ocean.  Debris 

impacts will only be recorded if 

they strike a solid surface, so we 

must account for the magma 

ocean solidification time.  The 

impacts can also influence the 

solidification process. 


