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MARS: 
IMPACT CRATERS 

& KNOWLEDGE GAPS 
(TOWARDS UNDERSTANDING CHRONOLOGY)



Why Impact Craters Are 
Important for Chronology



Overview Concept: 
Tie crater spatial density to a radiometric age. 

Do this for a lot of ages. 

Fit a curve:  time(N(craters)) 

Measure crater spatial density somewhere else, use function, get model age.

Impact Craters for Chronology



Mars' multi-kilometer craters have been cataloged by several people. 

BUT:  Craters ≲1 km are the worst studied and understood. 

Critical for recent history (too few / no larger impacts). 

Small craters are more confusing.  E.g., secondary craters are poorly 
understood, yet (could) start to become important at these sizes and 
significantly affect chronology. 

Too many small craters ... need better development of computer-based 
cataloging.

Impact Crater Population Studies



Knowledge Gaps About Mars' 
Impact Craters & Chronology



Everything Is Based on the Moon
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adapted from Fig. 2 of Robbins (2014)
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There are several different 
chronologies (fits) to the 
lunar data. 

There is a large cloud of 
possible crater spatial density 
at any given landing site. 

And lately, numerous questions about whether those landing site 
samples are actually from the area. 

And, there's a glaring gap in sample ages. 

We need to better understand all of these on the Moon before we can 
hope to transfer it to Mars.



All Mars crater chronology 
is based on scaling from the 
Moon. 

Shift the lunar curve based 
on: 

Flux (it's closer to Main Belt). 

Impact velocity (Kepler's Laws). 

Surface gravity (bigger than Moon).

How Do We Scale from the Moon?304 W.K. Hartmann / Icarus 174 (2005) 294–320

where good statistics were available at that time. How do
we use the lunar data from this diameter range to estimate
the number of craters formed in that size range in a given
time period on Mars? Imagine this diameter segment plot-
ted for the number of craters formed in lunar maria in the
last 3.5 Ga. To get the number of craters formed on Mars
in the same period, Hartmann (1999) used the Mars/Moon
cratering rate correction factor Rcrater to shift this segment
vertically, because of a higher estimated cratering rate on
Mars. In addition, impact velocity and scaling corrections
altered the diameter of a crater produced by a given mete-
oroid, hence sliding the curve horizontally (to the left, to
smaller sizes, because of lower Mars impact velocity and
higher gravity). Taking into account the slope of the sin-
gle power-law segment, these two shifts were combined into
an effective single vertical shift. Thus, that work assumed
there was a single effective Rcrater ratio that shifted the curve
vertically by a fixed amount along the whole diameter seg-
ment, and Hartmann (1999) applied it to the whole curve
(11 m< D < 100,000 m), deriving a single effective Rcrater
value and shifting the whole curve vertically by that amount
to convert from a lunar to a martian isochron.
The modern extension of the martian crater diameter dis-

tribution to both a shallow and steep branch makes this ap-
proach too simple, however. The problem, as seen in Fig. 3,
is that the horizontal shift moves the intersection of the
shallow branch and steep branch to the left, and has the ef-
fect of shifting the steep branch by a different net vertical
amount than the shallow branch, so that the various power-
law branches (or parts of a polynomial fit in the style of
Neukum) cannot be treated by a single vertical shift, nor
does a single Rcrater value apply to the curve. Thus, the
simple Rcrater concept loses its utility. In other words, the
conversion from the lunar to martian production functions
is D dependent. These concepts were already dealt with in
the treatment by Neukum and Ivanov (1994), who used scal-
ing laws to examine the shape of the production function
on other planets, and by Ivanov (2001), who discussed the
martian application. These concepts were also applied by
Hartmann and Neukum (2001), and Hartmann’s “2002 it-
eration” (unpublished) to derive isochrons from Neukum’s
best estimate of the production function curve, and then in-
dependently from Hartmann’s best estimate of production
function, comparing results from the two approaches. Here,
we begin our derivation of martian isochrons by applying the
general scaling principles to the power law form of the crater
size distribution, and updating the treatment by Hartmann
(1999) by using the latest estimate of Rbolide as a fundamen-
tal conversion parameter instead of Rcrater. We will present
the stepwise derivation, starting with these lunar data, in Ta-
ble 2, also discussed below.
Step (a) in the above list is to determine the lunar mare

crater diameter distribution. In the past I have primarily pub-
lished only graphs summarizing the data. In this paper I
include a tabular summary, which better allows the reader
to utilize the original data; this is given in column 2 of Ta-

Fig. 3. Schematic diagram showing the conversion of the production func-
tion measured on lunar maria to martian conditions. The whole curve is
shifted up by a fixed amount (1) to take into account the higher bolide im-
pact rate on Mars. Then the curve is shifted left by a fixed amount (2), to
take into account the smaller crater size formed by each bolide, due to lower
impact velocity and higher gravity on Mars. The net result is that the shal-
low or “primary” branch has a different net apparent vertical shift, or change
in crater production rate, than the steep or “secondary” branch.

ble 2. These data are collected from a range of sources over
many years. The include extremely detailed, multi-year cat-
aloging of larger lunar craters (D > 4 km) by Arthur et al.
(1963, 1965a, 1965b, 1966). At smaller sizes, I have uti-
lized my sampling of different maria (esp. Tranquillitatis and
Cognitum, but also including parts of Imbrium and Fecundi-
tatis), from Ranger, Surveyor, and Apollo data. Figure 4a
shows a plot of these data, showing that from D ∼ 250 m
up to ∼128 km, they fit the power laws very well. Below
250 m, the original curve is not preserved, due to satura-
tion effects, and the production function must be derived
from other sources. (See further discussion of Fig. 4 in Sec-
tion 5.3.1 below.)
Step (b) in our formulation is to update the Mars/Moon

impact ratio, Rbolide. A review of asteroid dynamics by Bot-
tke (private communication) suggested a value of Rbolide ∼
3.15 (revised upward from his 2001 value of Rbolide ∼ 2.76),
and an independent review of observed Amor and Apollo
asteroid statistics by Ivanov (2001) suggests Rbolide ∼ 2.0.
Bottke’s value includes a variety of populations, emphasiz-
ing asteroid dynamics but also taking into account estimates
of comet populations and observations of Mars crossers.
Ivanov’s is more empirical, based on observations of exist-
ing Mars crossers and Moon impactors of whatever origin.
As a standard for our isochron diagram we adopt Rbolide for
asteroids ∼2.6± 0.7. The uncertainty is a conservative esti-
mate based on remaining uncertainties in the asteroidal and
cometary fluxes, and is consistent with fluctuations in recent
best estimates from the different authors. The uncertainty is
important because it translates directly into a proportionate
uncertainty in age, i.e., a factor of ∼1.4.

Fig. 3 from Hartmann (2005)



Better understand lunar chronology (practical acknowledgement of difficulty in Mars dating). 

We need dates! 

The best practical way to better understand Mars' chronology, via 
impact craters, is to have radiometric dates from samples of known 
origin(s) linked to unambiguous crater spatial densities.

How to Anchor Mars' Chronology?



Is the chronology function well-behaved?  Was there a Late Heavy 
Bombardment? 

Where are Mars' big craters?  (Moon has ~17 craters >500 km, Mars has ~6, but 
4× the surface area) 

What is the role of secondary craters in crater populations?  (affects lunar 
chronology and will affect Martian if we don't properly account for them) 

What are the small primary crater populations?  (so, so many craters ...) 

How do we reconcile different mappings, different crater spatial 
densities at key chronology tie points?  (some lunar tie points' crater spatial 
densities vary by >10× depending on what paper you cite!  ... we need to better 
understand repeatability and replicability)

Some Open Chronology Questions



Lots of Implications with an 
Uncertain Chronology

adapted from presentation given at 2015 LPSC by Robbins


