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Using craters to date surfaces
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Log cumulative frequency

Using craters to date surfaces
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Impact Mass Flux (kg/years)
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Impact flux has changed over time
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Newly formed craters on Mars
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Newly formed craters on Mars
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Newly formed craters on Mars

LJ. Daubar et al./Icarus 225 (2013) 506-516
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Newly formed craters on Mars

Present Day Impact Crater Formation in

Incremental Number of Craters in Bin
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Gravity & Rotation

Polar flattening caused by rotation is the largest
deviation from a sphere for a planet sized object (as
opposed to non-spherical objects that miss the
planetary cut-off due to insufficient self gravity).

For some solar system f =
bodies: a

Saturn 1:10, Jupiter 1:16,

Earth 1:298, Moon 1:900, a is the equatorial radius,
Sun < 1:1000 b is the polar radius




km

Planetary
Hypsometry

Mars

13 -

1 Earth
114 6 -

10 5 -

9 a4+

8 — km 34 :

Continents

7 < 2

64 sealevel 17

5 0 -

4 median -1+ median
31+. = B -2 *Z 6051 knr
24 -3 4 -

i =il

0+ —6.1 -5 -

4 mb level
a5 =7 Sea floor
_3_ _8—
==
_5—-.
-6 ! s s st =TT T

5 10 15 20 25 5 10 15 20 25

Percentage Percentage

Elevation,

Ea rth Mount Everest (8.8477 km) km

Mean land
surface (0.84 km)——————-

Mean sea

100 50 0
Percent of the earth’s surface

Little
* Venus

spread
z‘ around
9 average
3_
244 median

ol T :‘_Z‘._...,...Z____*_

R L N A N U
5 10 15 20 25 30 35 40 45 50

Percentage




Smaller bodies are not spherical!
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Deep Impact/EPOXI, 2010
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253 Mathilde - 66 x 48 x 44 km 951 Gaspra - 18.2 x 10.5 x 8.9 km i 8x 4 km 76x49km  55x4.0x3.3km
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Asteroid ltokawa




Some types of mass wasting

Translational landslide Block slide

Rockfall

Debris flow

G I

Cared g ek

Debris avalanche

Lateral spread




Creep: slow, incremental mass wasting




Slopes formed by creep vs. other processes

Slopes and mass movement

cliff face

Elevation, z ————>»

base level
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Lunar creep-dominated landscapes




Mass wasting

Affects slopes steeper than angle of repose
- related to internal friction angle

Table 8.1 Angles of internal friction

Material Angle of internal friction
Basalt talus 45¢

Granitic gneiss talus 31-36°

Alluvium 4]—44°

Glacial till 37°

Shale grit 43°

Sand 33-43°

Silt 32-36°

Cold water ice (77-115 K)* 207

Data from Carson and Kirkby (1972) unless otherwise noted.
“Beeman et al. (1988)

Melosh (2011)




Martian rockfalls
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Asteroids & comets visited pre-Vesta
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Lutetian landslides

Sierks et al. 2011




