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Impact craters and evolution of planetary surfaces

1) Impact craters = circular features

All circular features seen in remote sensing data of planetary surfaces are not 
impact craters !!!

Elliptical impact crater due to oblique impact  (Ceraunius Tholus Volcano)

Impact crater 
ellipticity as a 
function of the impact 
angle, Melosh, 1989. Density probability 

law as a function of 
the impact angle P(!) 
! sin(2!)

Only few elliptical craters

4.1 Morphologic and geometric evidences
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Ohere are impact craters P 

Ohat are the other circular features P

1 km

4.1 Morphologic and geometric evidences

2) Depth – diameters relationships and other geometric characteristics

Garvin et. RlJ 1SS8

Compilation des analyses morphomUtriques des cratVres lunairesJ 
MeloshJ 1S8S

3) Usually…random distribution of impact craters 
No alignments  (in comparison to volcanic structures)

4.1 Morphologic and geometric evidences
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4.2 Petrologic and mineralogic evidences

Pressure-Temperature diagram for the regional (W normal conditions) and impact metamorphism

Post-shock temperature 
for a granite

Metamorphism impact zone

4.2 Petrologic and mineralogic evidences

#mpact metamorphism
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SudburyJ OntarioJ Canada
ExceptionallyJ this structures can be as high as 12 meters high.
More common dimensions : Aew centimeters to few tens of centimeters

4.2 Petrologic and mineralogic evidences

#mpact metamorphism. Shatter cones

4.2 Petrologic and mineralogic evidences

#mpact metamorphism. Shatter cones
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Shatter cones are not cones ZZ

4.1 Petrologic and mineralogic evidences

#mpact metamorphism. Shatter cones

#mpact metamorphism
Planar [eformation Aeatures (P[As)

Vuartz grain with PDFs (Polarized-analyzed light)

4.2 Petrologic and mineralogic evidences
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The formation of shatter cones by constructive 
interferences in shock waves

4.2 Petrologic and mineralogic evidences

Baratoux and 
Melosh, 2003

4.2 Petrologic and mineralogic evidences
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4.2 Petrologic and mineralogic evidences

4.2 Petrologic and mineralogic evidences

Parameters influencing the shatter cones occurences

-Contrast of elastic properties

-Structure of the shock pulse
The rise time has to be very short 
(shorter than previously thought)

Shape => Two expanding spheres
Apical angle varies with the shock 
pulse structure
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#mpact metamorphism
Planar [eformation Aeatures (P[As)

4.2 Petrologic and mineralogic evidences

Rochechouart impact melt (Glassy texture)

#mpact metamorphism. #mpact melt

4.2 Petrologic and mineralogic evidences
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#mpactite : 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.  

#mpactites distribution in an impact structure

4.2 Petrologic and mineralogic evidences
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\obate eDecta ] indicator of the sub-surface ice P

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

T$eoretical -istributio1 o2 t$e 3er4a2rost is 
co1siste1t 5it$ t$e lobate e6ecta -istributio1. 

8 lo5 3ressure (: 4bar)< ice is 1ot stable at t$e sur2ace 
because o2 t$e lo5 3artial 3ressure o2 5ater =a3or. 

Fro4 ?ostar-< @AAA

Rt depth: the thermal gradient controls the ice thickness 
and below^this is liquid water Z
Rverage thermal gradient:
0` isotherm : 1 to 3 km deep at the equator / 3 to b km deep in the polar regions

R higher latitudes (c 40`-50`)J the annually-averaged temperature is colder and well below the 
triple point of waterJ ice is stable in the near surface.

\obate eDecta ] indicator of the sub-surface ice P

5. Impact craters. Sounding the sub-surface of solid planets.
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ObDectives :
- [etect and map eDecta and excavated 
material

- [etermine the state of degradation of 
eDecta

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

Meteor crater ] a laboratory for the remote sensing studies of eDecta on Mars

#mage #nfra-rouge thermique du cratVre. 

R ] Coconino sandstone
B ] eaibab permian formation
C ] Triassic Moenkopi formation
[ ] RMS

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

Meteor crater ] a laboratory for the remote sensing studies of eDecta on Mars
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;artmannJ 2005

Recent lava flow (Elysium Planitia)

5. Impact craters. Datation of planetary surfaces

Arom the moon to Mars ;artmannJ 2005

- Sun distance (orbits) and ditance
to the asteroids beld (asteroids 
density)
]c #mpactor flow rate 

- Surface gravity
]c Crater sige for an asteroid/comet 
of a given sige and given velocity

5. Impact craters. Datation of planetary surfaces
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;artmannJ 2005

5. Impact craters. Datation of planetary surfaces

Saturated surfaces

;artmannJ 2005

5. Impact craters. Datation of planetary surfaces
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5. Impact craters. Datation of planetary surfaces

-Selection of one geological unit (of the same age Z)
]c morphological/spectral arguments

- hse data sets with different resolution
Oarning: large craters can give you the age of a 
substratum while small ones will give you the age of a 
more recent mantling Z

- Ait your result with the isochron theoretical curves (least squares 
methods). hse the data uncertainty in the fit (the uncertainty on 
crater count is equal to the square root of the number of 
craters/divided by the surface). 

- Eliminate small craters from the fit (erosionJ degradation 
processesJ pb of image resolution)

]c Rge with an estimation of the formal uncertainty (this uncertainty 
does not take in account the uncertainty on the model –impactor
flux-)

;ow to proceed for crater counting P

;artmannJ 2005

Example of crater counting and datation
over recent Olympus Mons flowJ 
;artmann and jeukumJ 2005. 

5. Impact craters. Datation of planetary surfaces

Martian isochron^last update


