
EART163 FINAL     Monday 6th June 2016 
 

Answer Question 1 and THREE out of the six other questions. If you attempt more than 3, 
you’ll get credit for the best 3 answers. Show all your working for maximum credit. You have 
until 11am to complete the test.  
 
Everyone must answer this question 
 
1. a) On a plot of stress against strain rate, sketch the behavior of a normal 
Newtonian fluid, a non-Newtonian fluid, and a Bingham fluid. [3] 
 
b) The vapor pressure of water ice at 230 K is 10 Pa. How long would it take 1m of 
ice to sublime into vacuum? (Take the density of ice to be 1000 kg/m3 and the gas 
constant to be 8.31 J/mol K). [2] 
 
c) Two craters on the Moon have the same age. Give two reasons why the larger 
crater is likely to be more relaxed. [2] 
 
d) A fault scarp 30m across has undergone significant modification by creep after 10 
kyr. What is the effective diffusivity of the creeping material? [1] 
 
e) For both wind and water flows there is a particular particle size which is the first 
to move as the flow velocity is increased. Explain why. [2] 
 
f) Below is a topographic profile across a ridge on Europa. Indicate the approximate 
distance over which flexure occurs on the diagram, and hence calculate the elastic 
thickness of the lithosphere. Take Young’s modulus to be 9 GPa, g=1.3 ms-2, the 
density to be 1 g/cc and the Poisson’s ratio to be 0.3. [3] 

  
 
g) Explain why some meanders on Mars are raised above the surrounding terrain at 
the present day. [2] 
 



h) Only asteroids smaller than about 100m have a spin period that can be shorter 
than 2 hours. Why? [2] 
 
i) Simple elastic buckling theory applied to folds results in unrealistically large 
stresses being predicted. Suggest two ways of reconciling this result with the 
existence of folds in many terrestrial rocks. [2] 
 
j) On which body is the critical liquid velocity required to move sediments of a 
particular size the lowest: Earth, Titan or Mars? [1] [20 total] 
 
 
Answer THREE out of 6 of the following: 
 
2. Here we’re going to investigate how to couple magma ascent and lava flow. 

 
a) The figure above is a 2D schematic of an effusively erupting volcano. Write down 
an approximate expression for the volume flux (in m2/s) from the vent, in terms of 
the fissure width w, magma viscosity η, gravity g and density contrast ∆ρ. [1] 
b) Write down an expression for the volume flux of lava flowing down the volcano 
slope in terms of the flow thickness h and velocity u [1] 
c) Also write down an expression for the flow velocity in terms of h, η, the slope α 
and the density of the flow ρ.  You can assume the magma is Newtonian. [2] 
d) Write down an expression for the down-slope distance L the lava flow will travel 
before experiencing significant cooling. The thermal diffusivity is κ. [2] 
e) Using your answers a)-c) and assuming that the eruption is in steady-state, write 
down an expression relating the width of the fissure w to the thickness of the flow h 
[2] 
f) Using e), describe how h changes as you change ∆ρ, ρ and α, and explain why each 
change makes physical sense [3] 
g) Why is your answer independent of the viscosity of the magma? [1] [12 total] 
 
 
3. Here we’re going to investigate impact craters. 
a) Assuming that the transient cavity excavated by an impact crater is 
hemispherical, write down an approximate expression for the potential energy 
required to excavate the crater in terms of its diameter D, target density ρ and 
gravity g. [2] 



b) Calculate the kinetic energy of a spherical projectile in terms of its diameter L, 
impact velocity v and density ρ. [1] 
c) Hence derive an expression for the crater diameter in terms of L,v,ρ and g. [2] 
d) If some fraction of the projectile kinetic energy f goes into melting the target, 
write down an expression for the volume of melt produced in terms of L,v, f and the 
latent heat (in J/kg) of the target material LH. [2] 
e) Using your answers to c) and d), explain why big craters are more likely to be 
filled with impact melt than little craters. [2] 
f) The gravity of the Moon is one-sixth that of the Earth. For two impactors of 
identical mass and velocity, how much larger would the resulting lunar crater be 
than the terrestrial one? [1] 
g) How much larger is the simple-complex crater transition diameter on the Moon 
than on the Earth? [1] 
h) How much larger is the peak pressure caused by the terrestrial impactor than the 
lunar impactor? [1] [12 total] 
 
 
4. Here we’ll investigate planetary shapes. 
a) For a rubble pile asteroid of density ρ and radius R, write down an approximate 
expression for the normal stress at the centre of the asteroid in terms of ρ,R and the 
surface acceleration g. [1] 
b) Hence write down an expression for the maximum shear stress the rubble pile 
can withstand in terms of ρ,R,g and the friction coefficient f. (You can ignore 
cohesion and pore fluids). [1] 
c) Also write down the maximum stress caused by topography of amplitude h. [1] 
d) Hence write down an expression for the maximum value of h/R in terms of f. [1] 
e) Assuming that the asteroid is uniform, rewrite your answer to c) in terms of 
R,h,ρ and the gravitational constant G. [2] 
f) If the asteroid can withstand a maximum yield stress Y, write down an expression 
for the maximum value of h/R in terms of Y,G,R and ρ. [2] 
g) Sketch how you would expect the maximum value of h/R to vary with body radius 
R. [2] 
h) If Y=10 MPa, f=0.6, G=6.7x10-11 in SI units and ρ=2000 kg/m3, at what radius does 
a body switch from friction-dominated to yield strength-dominated behaviour? [2] 
[12 total] 
 
 
5. Here we’ll consider Aeolian transport on Titan.  



 
a) Using the above diagram, or otherwise, write down an expression for the dune speed vd 
in terms of the dune height h and sand flux qs (in m2s-1). [1] 
b) Explain what your answer to a) implies about the evolution of small dunes in the 
presence of big dunes. [2] 
c) Also derive an expression for the dune modification timescale td in terms of h and qs. 
You will also need the dune width:height ratio λ. [1] 
d) A model of Titan winds predicts friction velocities sometimes exceeding 5 m/s. For 
this friction velocity, what is the implied sediment flux (in m2s-1)? Take C=3, ρs=1500 
kgm-3, ρf=10 kgm-3 and g=1.3 ms-2. [2] 
e) Typical dunes on Titan have λ=10 and are 100m high. What dune modification 
timescale is implied by your answer to d)? [1] 
f) Cassini has observed no measurable change in dune position over its ten years of 
observations. What do you conclude about the frequency of occurrence of friction 
velocities exceeding 5 m/s? [1] 
g) Give two reasons for why the same friction velocity will result in more sediment 
transport on Titan than on Earth  [2] 
h) Wind directions are often derived from the orientations of longitudinal dunes. What is 
the potential problem with this approach? [2] [12 total] 
 
 
6. Here we’ll investigate landslides. 

 
a) For a slope α=30o, what is the normal stress at the base of a layer of thickness 
h=3m and density 2000 kg/m3? Take g=10 ms-2. [1] 
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b) If the friction coefficient f=0.6, what shear stress is required for the layer to start 
moving in the absence of any pore fluids and neglecting cohesion? [1] 
c) What is the actual down-slope shear stress, and will the layer move? [2] 
d) Write down an expression relating the critical slope αcrit at which movement 
starts to the friction coefficient. [2] 
e) Now assume that rainfall starts to increase the pore fluid pressure. How much 
pore fluid pressure is required to initiate movement of the layer? [1] 
f) If the landslide starts 3 hours after the rainfall and the landslide length L is 100m, 
calculate the approximate hydraulic diffusivity [1] 
g) Use your answer to f) to calculate the permeability. You can take the viscosity of 
water to be 10-3 Pa s, the porosity to be 10% and the pressure change to be the value 
you calculated in part e). [2] 
h) Mars has a lower value of g than Earth. If the same situation happened on Mars, 
explain whether a higher or lower pore fluid pressure would be required to initiate 
movement. [2] [12 total] 
 
 
7. Here we’re going to investigate flow in a glacier of constant thickness h. 

 
a) For the situation shown above, write down an expression for the down-slope 
shear stress σ in terms of z,g,h,α and the ice density ρ. [2] 
b) For ice the strain rate du/dz = A σ n, where A and n are constants and u is the 
down-slope velocity. Use integration and your answer to a) to find a general 
solution to the velocity profile u(z). [2] 
c) By applying the boundary condition that u=0 at z=0, show that the velocity profile 
can be written 
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where C is a constant. [3] 
d) Using your answer to c), find an expression for the vertically-averaged velocity of 
the glacier as a function of C and n. [2] 
e) Explain how the finite yield strength of ice leads to the formation of U-shaped 
glacial valleys [2] 
f) Let’s say that the yield strength of nitrogen ice is 0.3 MPa and it has a density of 1 
g/cc. On Pluto, where gravity is 0.6 ms-2, how thick would a glacier have to be before 
U-shaped valleys form? [1] [12 total] 
 
 


