
O
ver recent years, planetary science

conferences have been enlivened by

high-resolution images of solar system

bodies from Mars to Europa, that have revealed

extremely young surfaces. The reason we can

estimate an age for the surface of objects whose

rocks have never been sampled and dated radio-

metrically is thanks to a technique that was

developed in the 1960s: crater counting.

The number of craters on a planetary surface

is determined by the age of the surface and the

average crater production rate. Know one of

these variables and you can constrain the other.

Ernst Öpik used crater counts and impact rates

to estimate that the Moon’s Mare Imbrium was

4.5 Ga old (Öpik 1960). The technique was also

pioneered by Gene Shoemaker (Shoemaker et
al. 1962) and Robert Baldwin (Baldwin 1964),

but it was Bill Hartmann who refined it and

made crater counting a vital part of the planet-

ary scientist’s toolbox. Beginning with his land-

mark work (Hartmann 1965) in which he

concluded that the lunar mare were 3.6 Ga old

– subsequent dating of mare basalts showed this

to be astonishingly accurate – he went on to

define the methodology in detail. 

Apollo samples were radiometrically dated,

allowing the averaged cratering rate to be esti-

mated much more accurately. Lunar mare have

preserved a unique cratering record over their

3.2–3.5 Ga history. These calibrated surfaces

allowed crater counting to be used as a chrono-

metric tool with greater confidence, firstly to

date the rest of the (unsampled) lunar surface. It

became apparent that surfaces older than ~4 Ga

had so many impacts that new craters just oblit-

erated old ones; 4 billion years represents an

upper age limit for the method.

There are interesting features in the lunar cra-

tering record. Gerhard Neukum has shown that

although the rate of impacts varied, the overall

shape of the crater size–frequency distribution

has not changed over the past 4 Ga – the cumu-

lative distributions for pre-mare craters look

very like those for post-mare craters (Neukum

and Ivanov 1994). This suggests a stable

impactor population over the past 4 Ga.

The size–frequency distribution (SFD) of

craters on lunar surfaces is itself interesting,

because it doesn’t describe a simple power law:

instead the slope varies significantly for differ-

ent size bins. Based on experimental work,

Hartmann (1969 and pers. comm.) has specu-

lated that the variation in slope is a signature of

a collisionally generated population. He suggests

that low-energy density events (where a body

simply cracks apart following a sharp blow) pro-

duce fragments with a shallow SFD slope, and

high-energy events (such as hypervelocity impact

cratering) produce fragments with a steep slope.

Shoemaker (1965) used photos of the lunar sur-

face to show that debris thrown out of a classic

planetary impact crater has a steep SFD slope.

Large impactors – producing craters with a shal-

low slope – are therefore most likely to be pieces

of parent asteroids that have completely frag-

mented. Most of the fragment volume in a col-

lisional break-up event comes, not from the

crater or the collision site, but from the rest of

the asteroid, as fractures propagate throughout

it at low energy density (and produce material

with a shallow-slope SFD). Most smaller objects

(high-slope SFD) are probably direct ejecta from

cratering on asteroids.

Boris Ivanov used the SFD of lunar mare

craters to estimate the size–frequency distribu-

tion of projectiles that have cratered inner solar-

system bodies (Ivanov et al. 2003). The

projectile SFD that he derives is a close match

to the SFD of main-belt asteroids. Because

Hartmann has shown that the structure in the

mare crater SFD may be a signature of a colli-

sionally evolved impactor population, and

because asteroids are probably more collision-

ally evolved than comets, the implication is that

asteroids are the main component of the fam-

ily of impactors striking the terrestrial planets,

and have been for much of the past 4 Ga.

After mare rocks had been radiometrically

dated, these calibrated surfaces were the key to

using crater counting to date other planetary

bodies. Crater count isochrons have been con-

structed for every body in the inner solar sys-

tem and, with more caution, for outer

solar-system bodies as well. So now, when we

look at the surface of Mars and see evidence for

the action of water or volcanism, we can say

with confidence that those processes have been

acting in the geologically recent past – the last

10 Ma – and may still be going on today. �
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Crater counting
Phil Bland counts craters on the Moon to show how the martian surface is dated. 

Deducing the age of solar-system surfaces

cannot depend on radiometric techniques:

we do not yet have representative samples

of other planets and moons. Instead, we

assess the relative ages of surfaces from the

density of impact cratering and gain

absolute ages based on Apollo samples.
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