
Planetary Surfaces:

1. What define planetary surfaces geologically? 

2. What controls the evolution of planetary surfaces? 

3. How do surface-shaping processes scale across 
planetary bodies of different sizes, compositions, 
and physical states?

4. How do surface-shaping processes interact? What 
is the role of feedback? 
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1. What define a planetary surface 
geologically?

They have the following main features:

(a) Surface morphology.

(b)Composition that may vary spatially rather than 
be a constant.

(c) Surface age that may also vary spatially.

(d)Surface texture.
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Wrinkled surface contains three different types of age information: age 
of the surface, age of rock formation, and age of geologic events 
(deformation and erosion) 

Surface morphology: wrinkle 
ridge

Composition: basaltic lava on 
Moon

Age: Assume the emplacement 
of lava is instantaneous, we 
can use a single age to 
represent this surface. If the 
surface is partially modified by 
episodic lave emplacement, 
the surface, depending on the 
extent that we are 
considering, may have variable 
ages.

Texture: cratered, irregular 
ridges

Friday, April 8, 2011



Relative surface ages using crater counting: assuming 
instantaneous formation of the surface and uniform 
distribution of crater hits

Greely 1994
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Greely, 1994

Crater Counting Statistics in Log-Log plot
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A surface marked by folded layers from the basin floor of the Hellas 
Crater on Mars

Morphology: Highly controlled by folded 
layered units; resisting units form ridges while 
weak units form depressions.

Composition: Sediments (many infer it as 
glacial deposits and glacier-related 
deformation)

Age: Difficult to estimate if one does not 
understand what the operating geologic 
processes that shaped the surface.

Texture: Strongly controlled by the bedrock 
structures
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Morphology: crater pit, rim, and 
surrounding plains.

Composition: Layered sedimentary rocks 
or volcanic flows.

Age: The simple surface rimming the 
crater may have highly diachronous ages, 
as the surface deposits appear to be 
dust, which may have been periodically 
moblized and thus reset partially or 
complete the surface. 

Texture: Layers can be surface on the 
crater walls; fine-grained materials 
draping most of the landscape.

Detailed view of a simple crater basin
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Europa, Ganymede, and Callisto: Surface comparison at high spatial 
resolution 

Examples of planetary surfaces defined by their textures, with a 
decrease in the effect of tectonic forcing 
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2. What controls the evolution of planetary 
surfaces?

(1) Tectonic processes driven by mantle convection, 
tidal forcing, and thermal stress (mainly internally 
induced for large bodies and in some cases for 
small bodies).

(2) The presence and lack of atmosphere (determining 
the erosion rates)

(3) Internally driven and externally induced processes: 
volcanic eruptions, wind, flowing water, moving 
glacier, weathering, biological activities, mass 
wasting processes and cratering.
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Earth has two modes of tectonics: discrete plate 
tectonics in the oceanic regions and distributed 
deformation in the continental areas (plate tectonics is 
an incomplete description of Earth’s crustal 
deformation).
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(1) Sharp plate boundaries in the oceanic domain
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(2) Diffuse deformation in the continental domain 
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Best example is the Himalayan-Tibetan orogen induced by the India-Asia 
collision 
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Greely 1994

Volcanism is an important 
process in shaping planetary 
surface (we will learn how to 
scale lava transport distance 
and shape of volcanoes for 
planetary bodies of different 
sizes.
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Lava flow channel on Moon (mysterious source at the “snake 
head”)

Greely 1994
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Impact crater in the northern polar region of Mars, 
partially buried glacier flow
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3. How do surface-shaping processes 
scale across planetary bodies of 
different sizes, compositions, and 
physical states?

            (We will use crater-size scaling laws to illustrate this 
point)
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(The presentation below is mostly based on the paper below)
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Simple and Complex (peak-ring) Craters

Processes of impact cratering: contact, compression, decompression, and 
the passage of the shock wave (i.e. explosion); all occur within a few 
tenths of a second for a large impact. 
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The fundamental goal of scaling is to find a relationship 
that the radius of a crater is a function of impact size and 
impact velocity: 

R, radius of crater
a, radius of impactor
U, impact velocity
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Crater Scaling Relationship based on Point Source and Vertical 
Impact

“Kinetic Energy” 
form inspired by 
both physics and 
experiments

Friday, April 8, 2011



1. Strength Regime (smaller craters, i.e., radius < 1 km)  

2. Gravity Retime (large craters, i.e., radius > 1 km)  

Holsapple (1983) defined two regimes for point source approximation:
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The above form is generally referred to as “the π-
scaling law”
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Lab experiment based scaling law
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Cratering-in-water experiments
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Evacuation radius: 

Rim radius: 
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4. How do surface-shaping processes interact? What is the role 
of feedback?

(I will use Earth example to best illustrate this point) 
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The most prominent features on Earth are 
mountain belts. They are the best expression of 
tectonic forces driven by mantle convection. 
However, the mountain building processes are 
strongly coupled with Climate and Surface 
Processes.

To understand how the coupling works, one need 
to first understand how mountains were built. We 
will consider the simplest theory, the Coulomb 
Critical Wedge Hypothesis.
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The lecture on the critical Coulomb wedge model for mountain 
building is mainly based on the following review paper, a classic! 
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Wedge-shaped mountain belts on Earth (possibly on Venus and locally on 
Mars)
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As wedge grows self-similarly and the taper is thin, the steady 
state wedge follows
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