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More than 300,000 impact craters at least one
kilometer wide have been found on Mars [1], while
only 188 impact craters have been confirmed on
Earth so far with only 128 of them exposed at the
surface. A recently published study [2] addresses
the question whether the sparse crater record on
Earth can indeed arise from the rapidly changing
face of our planet, or whether the inventory must
be highly incomplete.

The basic idea is that each crater remains de-
tectable at the surface until the total erosion exceeds
a given depth H (D) depending on the diameter D.
Taking into account the distinction between simple
and complex craters, the approximation
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with a transition at a diameter Dy, = 3 km was
used. While the parameter mg referring to simple
craters is well constrained to ms ~ 0.3 by avail-
able data, the respective parameter m. for complex
craters is exposed to a higher uncertainty. As a first
estimate, m,. = 0.07 was used and later confirmed
by considering it as an adjustable parameter. The
finite age of the crust or, more precisely, a limited
thickness of material to be eroded was taken into ac-
count by clipping the function H (D) to a maximum
erosion depth Hp, .y, i.e, by using

for

Het(D) = min{H (D), Huax} 2)

instead of H(D).

In combination with the presumably best esti-
mate of the terrestrial crater production rate avail-
able [3], this approach allows for the prediction of a
crater inventory as a function of the diameter for a
given erosion rate. As shown in Fig. 1, this inven-
tory deviates systematically from the crater produc-
tion function itself due to the increase of crater life-
time with diameter. An almost perfect agreement
with the real inventory of the confirmed craters ex-
posed at the surface [4] above 6 km diameter was
found for an erosion rate of r = 59 m/Ma and a
transition to the probably age-limited regime at a
diameter of 90 km (Hpax = 7 km).

After verifying this finding by different statistical
tests (x? and Kolmogorov-Smirnov tests), this led
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Figure 1: Cumulative crater-size distributions.
Black markers: confirmed craters exposed at the
surface [4]; red line: predicted number of craters ob-
tained by rescaling the crater production function;
green line: predicted number taking into account
crustal age and erosion; blue line: predicted num-
ber also taking into account the incompleteness of
the record at diameters D < 6 km.

to the conclusion that there is no evidence for any
systematic incompleteness in the inventory of the
craters at least 6 km wide exposed at the surface.
A significant incompleteness was, however, found
for smaller caters. The relative completeness of the
inventory at smaller diameters was found to be pro-
portional to D? with b ~ 1.5. This incomplete-
ness max be related to the transition from simple
to complex crater morphology, but a quantitative
explanation has not been found so far.

The statistical completeness of the inventory at
D > 6 km or the quantification of the incomplete-
ness at smaller crater sizes makes the terrestrial
impact crater inventory usable in a wider geolog-
ical context, in particular with respect to long-term
erosion rates where available information, e.g, from
preserved sediments, is surprisingly uncertain. Our
approach provides a simple relationship for estimat-
ing an erosion rate r in a given region of area A from
the number of craters n found in this region,
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with [ = 4.94x107° ok if n refers to all craters
with D > 0.25 km.

Due to the limited number of craters on Earth,
estimates with a reasonable error range can only be
obtained either for large regions or for regions with
low erosion rates. For the Baltic Shield, e.g., the
14 confirmed craters yield a very low estimate of
r = 4.1 m/Ma with a 95 % confidence interval from
2.5 m/Ma to 7.6 m/Ma. As the other extreme, all
orogens together (19 craters) according to the clas-
sification of the main geological provinces [5] yield
r = 100 m/Ma with a 95 % confidence interval from
64 m/Ma to 166 m/Ma. Since the method refers to
the lifetime of the craters depending on the erosion
rate, the respective time scale also depends on the
erosion rate and ranges from some tens of million
years to more than 100 million years.

However, all estimates of this type suffer from
two major limitations beyond the statistical errors
due to the limited number of craters. First, impact
craters are not only consumed by erosion, but may
also be buried by sediments, and the estimated rate
is rather a total rate of crater consumption than a
real erosion rate. As local sediment accumulation
rates in a crater may be much higher than regional
erosion rates, the total rate of crater consumption
r may be significantly larger than the mere erosion
rate. This effect is clearly visible when the rates
estimated from Eq. 3 for the six basic types of con-
tinental crust [5] are plotted against their mean re-
lief. While the predominantly erosive crustal types
shield, orogen, and igneous province show a strik-
ingly linear relationship between the rate of crater
consumption r and the mean relief, the three other
types are characterized by much higher rates in re-
lation to their relief, suggesting that deposition of
sediments significantly contributes to the consump-
tion of craters here.

Beyond this limitation to predominantly erosive
regions, the approach in principle refers to the life-
times of craters depending on the erosion rate.
Thus, applying Eq. 3 to a region with a non-
uniform rate of crater consumption yields the har-
monic mean rate being always lower than the arith-
metic mean, so that any spatial variation in erosion
due to relief or climate within the considered region
results in a systematic underestimation of the mean
erosion rate.

The most interesting applications, however, con-
sist in a worldwide mean erosion rate and in the
relationship between climate and erosion rates. Al-
though a wealth of data on local to regional scales
is available, large-scale or even worldwide estimates
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Figure 2: Crater consumption rates. Rates of crater
consumption derived from Eq. 3 vs. mean relief for
the basic types of continental crust [5]. The er-
ror bars represent 70 % confidence intervals corre-
sponding to the standard deviation for a Gaussian
distribution.

are quite uncertain. This concerns both the present-
day rates, mostly estimated from sediment fluxes
to the oceans [6], as well as long-term rates esti-
mated from preserved sediments [7]. When deriving
a worldwide mean erosion rate from our approach,
the variation in both relief and climate must be
taken into account. Using the primary classes of
the Koppen-Geiger classification of the recent cli-
mate [8], our results suggest that the erosion rates
in the temperate zone and in the tropical are quite
similar in the mean, and that these are about three
times higher than in the coldest regions. The world-
wide mean erosion rate itself on the 100 Ma scale
seems to be significantly higher than previously esti-
mated from preserved sediments [7] and much closer
to present-day rates than assumed before.
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