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1) Impact craters = circular features
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4.1 Morphologic and geometric evidences

Where are impact craters ?

4.1 Morphologic and geometric evidences

2) Depth — diameters relationships and other geometric characteristics

TABLE 8.1 Lunar crater marphometry

Dependence on Rim-to-Rim Diameter Range

Parameter Diameter (5, km) k) Source = 1of 07 014D o
Crater Depth H o= 0196 DY =1 . E -
Ho= 1044 Do 1 =400 . - LTy &+ +
Crater Floor Dia. * . 5 3 7 4
t B @ %
Central Peak Height o t g oaf b+ OMPLEX <
=3 02200 . =0.250
Rim Height by = 0.036 D' <21 . .
g = 0,236 DF 21-400 .
Terrace Zone Width Wy = 092 DM 15-350 "

Widest Terrace Width wo = 008 DAY

*Pike (1977)

Pike (1985)

Wiood and Head (1976)

**Hale and Grieve (1982)

1 Based on das from Pike (1976)
HPearce and Melosh (1986}
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Figure 2. {a): Depith (d) versus diameter (D) for the 98 beast degraded
martian impact craters.  Crater dimensions are messured from the
topographic rim crest.  The =+° symbols represent craters that fall
outside the onc-sigma confidence band.  (h) Crater cavity croste
sectional geometry parameters from a power-function fit 8o the cavity.
Cavity shape exponent () can be thousht of in temss of the best firting
polynomial that approximates the crater cavity, so that n=2 & &
[ :




4.2 Petrologic and mineralogic evidences
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4.2 Petrologic and mineralogic evidences

Impact metamorphism

Pressure-Temperature diagram for the regional (« normal conditions) and impact metamorphism
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4.2 Petrologic and mineralogic evidences

Impact metamorphism. Shatter cones
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4.2 Petrologic and mineralogic evidences

Impact metamorphism. Shatter cones




4.1 Petrologic and mineralogic evidences

Impact metamorphism. Shatter cones

Shatter cones are not cones !!
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4.2 Petrologic and mineralogic evidences

Impact metamorphism
Planar Deformation Features (PDFs)




4.2 Petrologic and mineralogic evidences

The formation of shatter cones by constructive
interferences in shock waves
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Fig. 2. Schematic representation of our model for the forma-
tion of shatter cones. Tensile fracture occurs at the intersec-
tion between the scattered tensile wave and the tensile hoop
stresses in the main shock wave. When a critical value for
the tensional stress is reached, the rock fractures in tension.
The fractures accumulate on the surface of a conical region
(indicated in the figure by filled circles and arrows).

4.2 Petrologic and mineralogic evidences

Table 2
Material parameters
Material Heterogeneity

Density (kg/m*) 3000 3000

Bulk modulus (GPa) 50 5

Shear modulus (GPa) 30 3
Murnhagan exponent 4 4
Hugoniot elastic limit (GPa) 50 50

A.Stress > 65 MPa B.Damage history
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4.2 Petrologic and mineralogic evidences
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Parameters of the embedding material and of the heterogeneity (ice) [20,22]

Density Bulk modulus  Shear modulus Murnhagan ' pweib cweib
exponent
(kg/m?) (GPa) (GPa) (m/s) (m) (m™%)
Embedding material 2980 60.1 36.7 5.5 1790 9.05 3.05x 104
Heterogeneity 900 0.2 0.12 5.23 7500 8.7 32x 10

4.2 Petrologic and mineralogic evidences

Parameters influencing the shatter cones occurences

-Contrast of elastic properties The rise time has to be very short

-Structure of the shock pulse (shorter than previously thought)

Influence of the rise time and the size of the heterogeneity

Size of the heterogeneity (m) 0.04 0.04 0.04 0.08 0.08 0.08 0.16 0.16 0.16 0.4 04 04 0.8 0.8 08 16 16 16
Rise time of the stress wave (ms)  0.01 0.02 0.04 0.01 0.02 0.04 0.01 0.02 0.04 0.01 0.02 0.04 0.01 0.02 0.04 0.01 0.02 0.04
P (decay time factor) s 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

Time ratio* 1.37 2.73 547 0.68 1.37 2.73 0.34 0.68 1.37 1.37 2.73 547 0.68 1.37 2.73 0.34 0.68 1.37

Shatter cone Yes Yes No Yes Yes No Yes Yes Yes Yes Yes No Yes Yes No Yes Yes Yes




4.2 Petrologic and mineralogic evidences

Impact metamorphism
Planar Deformation Features (PDFs)

4.2 Petrologic and mineralogic evidences

Impact metamorphism. Impact melt
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4.2 Petrologic and mineralogic evidences

Impactites distribution in an impact structure

Impactite : shocked geological material : breccias, impact melt, elements
characteristics of impact metamorphism

The Impactite distribution for a given structure depends on the conditions of formation (pressure as a function of
the distance from the impact point. This distribution depends also on the post-impact movements/collapse.

Fallout ejecta

Fractured and
brecciated
target rocks

Highly shocked
allochthonous breccia
with melt fragments

Low-unshocked
allochthonous breccia
without melt fragments

Shocked target
rocks

5. Impact craters. Sounding the sub-surface of solid planets.

1. Introduction

2. Elastic waves in solids and shock waves
2.1 Propagation of elastic waves
2.2 Hugoniot equations
2.3 Shock wave propagation and thermodynamics of impact




5. Impact craters. Sounding the sub-surface of solid planets.

Lobate ejecta = indicator of the sub-surface ice ?
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5. Impact craters. Sounding the sub-surface of solid planets.

Lobate ejecta = indicator of the sub-surface ice ?

Theoretical distribution of the permafrost is A low pressure (6 mbar), ice is not stable at the surface
consistent with the lobate ejecta distribution. because of the low partial pressure of water vapor.

A higher latitudes (> 40°-50°), the annually-averaged temperature is colder and well below the
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5. Impact craters. Sounding the sub-surface of solid planets.

Meteor crater = a laboratory for the remote sensing studies of ejecta on Mars

5. Impact craters. Sounding the sub-surface of solid planets.

Meteor crater = a laboratory for the remote sensing studies of ejecta on Mars

A = Coconino sandstone

B = Kaibab permian formation

C = Triassic Moenkopi formation
D = RMS

Figure 7. Color composite of the end-members derived
from the line 3 data set, with the Coconino Ss. image in red,
the Kaibab Fm. image in green, and the Moenkopi Fm. in
blue. The Coconino Ss. dominated wind streak 1s easily
discriminated up to 5 crater radii to the NE, appearing
reddish-yellow where mixed with the Kaibab Fm. The
crater floor consists primarily of Kaibab Fm. as does the
surrounding region, where exposed by the erosion of
the overlying Moenkopi Fm. To the NW of the visitor center
parking lot the Mogui member of the Moenkopi Fm. has not
been eroded and forms a low ridge that is highlighted in
magenta. The quartz of the Moqui siltstone is more dominant
and therefore shows as a mixture of blue and red (Moenkop1
Fm. plus Coconino Ss.).




5. Impact craters. Datation of planetary surfaces

Recent lava flow (Elysium Planitia)

5. Impact craters. Datation of planetary surfaces

From the moon to Mars

- Sun distance (orbits) and ditance
to the asteroids beld (asteroids

Hartmann, 2(*)5 & ’*%
%

1. Shift moon curve up by R 4.
Y 2. Shift resulting curve to smaller D
to compensate for impact velocity
and gravity

log Diameter D

Fig. 3. Schematic diagram showing the conversion of the production func-
tion measured on lunar maria to martian conditions. The whole curve 1s
shifted up by a fixed amount (1) to take info 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




5. Impact craters. Datation of planetary surfaces

Saturated surfaces
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5. Impact craters. Datation of planetary surfaces

Derivation of martisn isochroen
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5. Impact craters. Datation of planetary surfaces

How to proceed for crater counting ?

-Selection of one geological unit (of the same age !)
=> morphological/spectral arguments

- Use data sets with different resolution
Warning: large craters can give you the age of a

5. Impact craters. Datation of planetary surfaces

Martian isochron...last update
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