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Introduction: The most heavily cratered land-

scapes in the inner solar system are preserved in the 

ancient highlands of the Moon, Mars and Mercury. 

Intense early cratering affected all inner solar system 

bodies by melting and fracturing crusts, draping large 

areas in impact ejectae, generating regional-scale hy-

drothermal systems (i.e. on Earth, Mars’ cryosphere, 

very early Venus), and increasing atmospheric pressure 

(and thereby, temperature) to modulate climate.  

Bombardment scenarios: Post primary-

accretionary bombardment scenarios that shaped the 

worlds of the inner solar system can be imagined in 

several ways (Figure 1): either as a simple exponential 

decay with an approximately 100 Myr half-life, or as a 

“sawtooth” timeline characterized by both faster-than-

exponential decay from primary accretion and relative-

ly lower total delivered mass, followed by a second, 

short and intense bombardment epoch. Indications are 

that the “late” bombardment spike was superposed on 

an otherwise broadly monotonic decline subsequent to 

primary accretion, of which two sub-types will be in-

vestigated: a classical (albeit, an idea that is now out of 

favor) “cataclysm” peak of impactors centered at ca. 

3900 Ma that lasted 100 Myr, and a protracted bom-

bardment typified by a sudden increase in impactor 

flux at ca. 4100-4300 Ma with a correspondingly long-

er decay time (~400 Myr).  

 

Figure 1. Differential number of lunar craters > 20 km 

(N20) as a function of time and per unit surface for 

scenarios considered herein. These are used to com-

pute the terrestrial impactor flux. The different scenar-

ios range from a monotonic decay of the flux (no 

LHB; black curve of  [ref.1]), a sawtooth bombard-

ment (STB) with a moderate increase of the flux dur-

ing the LHB arbitrarily set at 4.15 Gy ago (blue curve 

from [ref. 2]), and a red curve with a rapid rise in im-

pacts at 4.25 Ga. 

We report new 3-D analytical thermal models for 

each of the scenarios cited above to (i) explore how 

silicate crusts (and in the case of Mercury, its mantle) 

thermally responded to bombardment with abundant 

liquid water (Earth, very early Venus, early Mars), or 

in a cryosphere (Mars), or under completely dry condi-

tions (Mercury, late Venus, Moon); and (ii) provide 

detailed dynamical models [e.g. ref. 3,4] of solar sys-

tem evolution to explain these bombardments.  

Results: Our preliminary work has shown that de-

pending on the chosen scenario, other physical effects 

of impacts were at least as important as impact melt 

generation. For example, between 10 and 100% of the 

Hadean Earth and Noachian Mars surface was covered 

by impact craters and blanketed in resultant (hot) ejecta 

[5,6,7]. In the case of the habitability of early Mars – a 

generally arid and cold planet that was always at the 

edge of the solar system’s habitable zone [8] – heating 

from impacts punctuated an otherwise cold, arid sur-

face state by intermittently destabilizing the near-

subsurface cryosphere to generate regional-scale hy-

drothermal systems.  

We assess using new dynamical studies of solar 

system evolution whether impacts were deleterious to 

the proclivity of the inner solar system to host emer-

gent biospheres (at least on Earth). Specifically, we 

show how impacts affect the volume and duration of 

the surface/subsurface geophysical habitable zones, 

including an evaluation of the habitable potential of 

Venus in the first hundred million years. 
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