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Introduction: The highly successful Dawn mission
[1] finished data collection at Vesta in 2012 and is now
on its way to the dwarf planet Ceres, where it will arrive
in spring 2015. The determination of crater retention
ages on Vesta was carried out using two different chro-
nology systems [2] that led to significantly different re-
sults. There is not just one root source for the disagree-
ment but three of them concerning the geological inter-
pretation of measurement areas, the crater production
function and the chronology function [3]. Each disa-
greement contributes individually variable differences
depending on the area of measurement and its geologi-
cal interpretation. The final version of the lunar-like
chronology system (geol. interpretation + production
function + chronology function) for Vesta [3] for in-
stance is able to provide absolute ages for the formation
of the Rheasilvia basin on Vesta in reasonable agree-
ment with observed relative stratigraphy and independ-
ent radiometric ages of Vesta derived brecciated HED
meteorites [4], which probably recorded the Rheasilvia
impact event. Here we present a preliminary version of
a lunar-like chronology for Ceres. Different from the
case of Vesta there are no known meteorites that unam-
biguously originate from Ceres. Thus, cross-checking
with ground truth data is not yet possible. The Ceres
chronology we present here will be updated as Dawn
provides more accurate gravity data and high resolution
imaging data, from which the transition diameter from
simple to complex craters will be measured directly.
This value is crucial for our crater scaling calculation.

Methodology: The derivation of a crater production
function and chronology function contains three steps.

1 Estimation of average impact velocities and im-
pact probabilities for Ceres: This is done by a statistical
analysis of the orbit geometries of Ceres crossing aster-
oids [5,6]. For the intrinsic impact probability of Ceres,
we derive from crossing bodies > 5 km diameter a value
of 2.84x10"'® km™a’!. The average impact velocity is
calculated at about 4.6 km/s. Fig.1 shows the distribu-
tion of impact probabilities vs. impact velocities for
Vesta and Ceres.

1. Derivation of the lunar-like crater production
function: For Ceres we assume the same projectile dis-
tribution that impacted the Moon. The reasoning for this
approach is given in [3]. It might be possible that there
is a slight difference in the projectile distribution of the
Moon and Ceres for projectile diameters > 10 km. This

should not affect the calibration of the chronology in
step 3 but could lead to slightly different results in crater

retention ages using craters > ~ 80 km.
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Fig. 1: Impact probability vs. impact velocity diagram for
Ceres and Vesta.
In order to scale the lunar crater production function to
the impact conditions on Ceres we use the Ivanov scal-
ing laws [7, Eq 1].

Dy 1.21

Dp(%)nu(vsina)“-“ N [(Dsg+Dr)g]028 (1)

D, is the diameter of the transient crater and Dp is the
diameter of the projectiles. For simple craters the tran-
sient crater diameter is nearly the same as the final crater
diameter. [7] gives a second equation for computing the
diameter of complex craters from the transient crater di-
ameter. Table 1 gives an overview of the scaling param-
eters we used for the Moon and Ceres.

Table 1: Scaling parameters for the Moon and Ceres.

Parameter Moon Ceres
p; target density 1.8 [3] 1
[g/cm?]
5; projectile density 2 (3] 2 (3]
[g/cm?]
v; impact velocity 17.5 [3] (4.572+0.51%)1%/2)
[km/s]
a; impact angle 45 [3] 45 [3]
[degree]
g; surface gravity [m/s?] 1.62 [7] 0.276 [8] (1.444)
sg; strength-gravity 0.3[7] 0.336
trans. [km]
sc; simple-complex 15 [7] 12.12
trans. [km]
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It is assumed that up to ~100 km below Ceres’ surface
a water-ice layer exists [8]. Thus, we have to consider
the different crater-scaling going from the basaltic lu-
nar/Vestan surfaces to water ice at Ceres. Therefore, we
use 1 g/cm? as the target density and scale the simple to
complex transition from the icy Saturnian satellite Iap-
etus (15 km; [9]) via a 1/g approach [10] to Ceres. Dif-
ferent surface temparatures (AT ~70K) of both bodies
may result in slightly different scaling behavior. From
Eq (2) we use Vesta to get an estimate for the strength
to gravity transition at Ceres. Eq (3) provides a modified
surface gravity for Ceres that accounts for the different
scaling behavior of water ice compared to the basaltic
target material found on Vesta (Vesta values are taken

from [3]).
SgVesta — Sgceres (2 1/9vesta — 1/9modceres 3)
SCyesta SCceres ’ SCyesta SCceres

Table 1 gives the modified surface gravity for Ceres in
brackets. This value is used for scaling the crater pro-
duction function. Fig. 2 gives a comparison between the
lunar, Vestan and Cerean crater production function.
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Fig 2: Crater production functions for the Moon [11], Vesta
[3] and Ceres.

Table 2 gives the respective coefficients for the polyno-
mial function of 11" degree [11].

1II. Determination of the Chronology Function: Us-
ing the impact probability from point 1. and the ap-
proach by [3], we find for the coefficients of the lunar-
like chronology (Eq 4; [11]) for Ceres the values listed
in Table 3.

Negm(D = 1km) = C(e%2t —1)+C3t  (4)

Results: At the time of writing, Ceres was not yet
imaged with sufficient resolution to compare our crater
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production function with the existing cratering record.
At the time of the presentation initial measurements of
the Cerean crater size-frequency distribution may allow
for the first evaluation of the quality of the derived func-
tions. The yet to be observed simple to complex transi-
tion size is crucial to our approach. Another issue could
be that the derived crater production function may
slightly differ from the observed crater size distribution
due to relatively rapid crater modification in ice. Thus,
the derived functions will very likely be improved when
Dawn arrives at Ceres.

Table 2: Coefficients for the polynomial function of 11" de-
gree for the Moon, Vesta and Ceres.

Moon Vesta Ceres
[11] Rev4 [3]
ao —2.5489 —2.8783 -3.1085
ai —2.9794 —2.8687 -3.3594
a 0.42605 0.53853 0.76227
a3 0.32288 0.30803 0.76669
as —0.030823 —0.048714 -0.13398
as —0.022295 —0.018894 -0.31221
a6 0.019473 0.00371 -0.0055569
ar -0.022278 —0.025344 0.047208
as —0.0085611 —0.0033966 0.0016841
as 0.0053854 0.005711 5.0702¢-05
a 0.00087331 0.0004281 -0.001079
an —0.0003887 —0.00036638 8.0452¢-05

Table 3: Coefficients for lunar-like chronology for the Moon,
Vesta and Ceres.

Ci C: Cs
Moon 5.44x10714 6.93 8.38x10™*
[11]
Vesta 1.29x10712 6.93 1.98x1072
rev4 [3]
Ceres 1.53x10712 6.93 2.24x1072
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