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Why to study cratering?

Age determination

Key to sub-surface properties

Implication for the target
(strength, volatile content)

Clues for the evolution of the surface
... and the planet
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Craters to Surface Ages

Assume the rate of impact crater
formation is known

The rate has an size-dependence
Assume that cratering process is

Divide the surface into units based
upon geologic criteria
Calculate areal density of craters

Relative differences give relative ages

Convert to absolute age
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Why to study cratering?

Age determination

Key to sub-surface properties

Implication for the target
(strength, volatile content)

Clues for the evolution of the surface
... and the planet
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Lunar Crater Collection

Simple Crater

A Breccia Fractured bedrock
*& Impact melt

Impact ejecta /} \\ Central peak uplift

Complex Crater
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Characteristics of planets

« Cratering on Mars (but also on Earth) is significantly affected by the
presence of subsurface ice or water

 High volatility of H,O modifies the crater formation process, resulting in
more vapour production, higher ejection angles, fluidized ejecta blankets.

* Visible in the ejecta distribution (rampart crater) and crater floor
morphology (pit crater).

«  Strong erosion /overburden due to presence atmosphere and water/ice.

 Atmosphere is shielding the surface, similarly oceans on Earth, only large
projectiles form craters.
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(a) Hemispherical growth

(€) Final diameter achieve
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Hydrocode Simulation

* Numerical description of highly dynamical events (shock)

* Following principles of conservation of mass, momentum,
and energy

 EOS (density/volume, temperature, pressure)
* Material properties (e.g., stress, strain)
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Puchezh-Katunki impact crater (Russia)

Geological crossection Computer model
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Basins larger D~200 km

Werner et al., 2004

6 basins are studied. All more than 3.5 Ga old.
It should reflect early Martian crust properties

Crater Max. Apparent Approximate Visible state
diameter apparent depth of pre-impact
D, km depth, h, .., inner rim altitude, m
m cresth, ., m
Kepler 230 1200 800 +2300 partially
filled
Lowell 240 3000 ~1000 +1500 partially
filled
Galle 230 2900 1500 -300 partially
filled
Secchi 240 1900 1300 +2200 partially
filled
Flaugergues 250 1100 >1100 +150 heavily filled
Lyot 220 3400 ~200 -3600 slightly filled
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Why to study cratering?

Age determination

Key to sub-surface properties

Implication for the target
(strength, volatile content)

Clues for the evolution of the surface
... and the planet
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Crater Distribution on Mars

Craters: 250 km > D > 5 km, after Barlow (2001)
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Asteroid distribution
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This work

o North Ray (cont. e} blanket)}

* Tycho (cont.e) blanket)

@ Light Mantle and Central
Cluster region (A 17LS)

e Aristarchus (cont.e) blanket)

o Mare Serenitatis (Sulpicius
Gallus region)

a Mare region west of Delisle

» Theophilus (cont.ej blanket)

LI | IIIIIII
Ll

11l

T
L annl

NORMALIZED CUMULATIVE CRATER FREQUENCY

T T 1T
L1l

= -
= E
= =
= =
- =
- -
o -
o -

vy
a1l

T T T YT
o vl

Neukum et al [1975)

a A 15LS

x Mare Serenitatis {light interior)

o Mare Orientale (inter-ring area) 1 I

< Montes Apenninus (region 15/413) W ¢
¥ Montes Apenninus (1o1al) | |
& Mendeleev (floor) [

T T T
1ol

.__\

Lt el

4 1 ssannl i savsul Lt o1l TN

16’ 10° 10’ )

CRATER DIAMETER (km)







Gravity craters
Simple Complex
(collapsed)

Strength
craters




Moon as a Reference System

W - - lunar production function
{ W — mantian production function |
A3

lunarimpact crater production function

single projectile source (asteroid belt)

log N > D, km2 Gyr-1
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Neukum et al., 2001
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Lunar Cratering Chronology

Eratosthenes —\
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Cum. Crater Frequency N(km2) for D

Lunar Cratering Chronology
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N (1km): cumulative crater frequency for craters of diameter equal to and larger than 1km
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Hartmann & Neukum (2001)
Stratigraphy:
Crater frequency data from Tanaka (1988)
Middle Noachlan with redefinition of the Lower Amazonian base
Upper Noachian  crater frequency (Hartmann & Neukum, 2001)
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Moon as a Reference System

radiometric ages. of lunar samples, established lunar chronology

the idea of a marker horizon
which is reflected in the lunar data for the impact rate

(time derivative of the chronology functlon) in combmatlon W|th the
characteristics of the production function

a reliable Mars/moon impact rate ratio




Chronostratigraphy of Mars

Characteristics of the record of the heavy
bombardment on Moon and Mars in comparison

Derivation of ages of the lunar and Martian crusts
through determination of the basin ages:

How far do we look back?
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Crater Distribution on Mars
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B Mars (this work)
] Moon (Wilhelms, 1987)

a-l-v

Moon (Wilhelms, 1987; Neukum, 1983)
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EPOCHS LOWLANDS IMPACT BASINS
HIGHLANDS METEORITES

ShergEttites

Nakhlites

Lyot

Acidalia

Utopia
Argyre
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Crust formation
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The secondary-crater strewn field of Zunil
McEwen et al. (2005)

Sy

e 10-km crater in the youngest region
of Mars, Cerberus Planitia

e Secondary craters in a radial
distance of up to 1000 km

e Secondary craters exceeds the
number of primaries at the smaller-
Size range enormously

« Steep branch due to secondaries
» Age determination impossible...

What is the real shape of the primary crater size-frequency distribution?
and
|s age determination based on crater counts possible?
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SECONDARY CRATERING -- ELYSIUM PLANITIA

Crater Retention Age N(1) = 6.35E-@6 Crater Retention Fge Ni1) = 7,B96-86 [:) Crater Retention Age N(1) = |.22E-85
Crater Retention FAge N(1@) = 9.93E-08 Crater Retention FAge N(18) = |.B1E-87 Crater Retention Age N(1B) = 1.75E-87
Cratering model age: .@142518 Reons 12 | Cratering model age: .@145511 Acons | Cratering model age: .@251243 Reons
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Secondary Cratering 1

CONs for a steep primary crater distribution

Small-size range of the asteroid population
not well known

Secondary cratering observed (clusters,
chains), which can reach large distances

Secondaries exceed number of primaries

Unrecognized background secondary
craters could exist (Shoemaker (1965) TR, JPL)

Unknown number of secondary crater
contribution (variable steepness of the
observed crater distribution)

Is age determination possible using the
crater frequencies below 1 km diameter?
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Secondary Cratering 2 || ==

PROs for a steep primary crater distribution

* Near-Earth asteroids, fireballs hitting
Earth’s atmosphere fit lunar CSFD 5101-'

(Werner et al., 2002; lvanov, 2005)

 Measured on Gaspra, asteroid belt, the E
source region of inner solar system £403
projectiles (Neukum & Ivanov, 1994)

« Show up in differently aged surface of
different planets, and fit lunar CSFD 105

» Clusters, chains, and other features
related to secondary (ejecta) cratering, _
are not considered in the counts 107

“ ... cf. Hartmann (2005)
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Distal fragments origin

lvanov, 2006

1 km asteroid oblique impact
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Fig. 8. 13. R-plot for boulders counted by Bart and Melosh (2005) with power law (cumulative
m=4), Weibull (8. 31) and lognormal SFD fits. Bell-shaped SFD looks like a better proxy
for data presentation in comparison with a power law fit. Left of the maximum
observational data are going closer to the lognormal model. However, usual
“undercounting” of small objects close to an image resolution image makes Weibull SFD
equally perspective for future study.
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Fig. 8. 14. R-plot for close secondary craters around lunar basins (Wilhelms et al 1978) and
craters (Block and Barlow 2005, Wilhelms et al 1978) in comparison with the assumed
production function exampled with the NPF curve. Remote secondary craters are counted
by Settle et al (1979) for a small lunar crater with the diameter of 4.9 km at distances of
17 to 19 km corresponding to the ejecta velocity of 200+50 m s™.. Hartmann’s
equilibrium is shown as dashed line for comparison. All curves for SFD of secondaries
have a “bell-shaped” form. For comparison Neukum’s model isochrons (Neukum et al
2001a) are shown for a set of surface ages.
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Percentage of Secondary Crater Contribution
in an Observed Crater Size-Frequency Distribution

Hypothetic secondary crater contribution
for two possible different slope indices
(-3.0 and -3.5):

1=t 150 0 197 e 10° [ 10"
Digrmeter, D [km] Diameter. B [km]

| T )
g 20 40 60 83 100 120 140 160
Percentage of Seoondary Craiess

o Contribution generally below 10% or

e Contribution of more than 100 %o, )
which does not fit the observed
distributions. 3

The shape of the distribution would vary
with surface age...
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Implications of the Results

time frame for thermo-dynamical evolution of Mars
(e.g. magnetic field cessation, volcanic activity in time and space)

which can form input to thermal evolution models for Mars (and
planetary models in general)

Indications for timing of an Martian water cycle

youngest activity: Volcanism, triggering ground ice melting (fluvial
activity);

episodic formation of ice-containing landforms over the last 500 Ma

Comparative planetology: The Martian entire geological evolution is still
recorded on its surface and give clues about how planets can evolve in
comparison with other terrestrial bodies
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