
EART163 FINAL    Wednesday 12th June 2014 

 

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 

a) If a planet’s spin rate decreases, what kind of tectonic features would you expect to find at the poles? 
What about at the equator? [2] 

b) Describe three mechanisms by which silicate mantles can undergo melting [3]. 

c) The minimum flow speed required to cause fluvial sediment transport on Titan is lower than on Earth. 
Suggest two reasons why this is the case. [2] 

d) Define porosity and permeability [2]. 

e) Saturn has a 10 hour spin period and is flattened by about 8%. What is its bulk density? You may take 
G=6.7x10-11 in SI units. [2] 

f) Below are two hypsograms. Which solar system body is each hypsogram from, and why? [2] 

 

g) A dust grain 1mm in diameter is moving at 4m/s in air with a density of 1 kgm-3 and a viscosity of 20 
µPa s. Is the dust grain in the turbulent or viscous regime? [2] 

h) A borehole completely penetrates a 10m thick aquifer. After a year of pumping, the water table has 
been lowered out to a horizontal distance of 1 km from the well. What is the permeability of the aquifer? 
You can take ρf=1000 kgm-3, a porosity of 1% and a viscosity of 10-3 Pa s.[2] 

i) Use an energy argument to show that the height:runout ratio (H/L) of a landslide gives the effective 
coefficient of friction. [3] 

j) The plot below shows the wind speed required to move grains of different diameters. Explain why this 
curve has the shape it does. [3] [23 total] 



 

 

Answer THREE out of 6 of the following: 

2. Here we’re going to consider impacts. We’ll assume everything has the same density ρ. 

a) Write down an expression for the peak stress caused by a projectile of density ρ and velocity v hitting a 
planet. [1] 

b) If the projectile velocity is the escape velocity, write down this peak stress in terms of ρ, g and R, 
where g is the gravity and R the radius of the planet. [1] 

c) The pressure at the centre of a uniform density planet is given by ρgR/2. What is the relationship 
between the peak impact stress and the pressure at the centre of the planet? [1] 

d) The transient crater caused by an impact is hemispherical with a diameter D. If all the material 
originally in the crater is lifted vertically by a distance D/2, how much potential energy does this 
represent? Give your answer in terms of D,g and ρ. [2] 

e) Write down an expression for the kinetic energy of an incoming projectile of diameter d, velocity v and 
density ρ. [2] 

f) Hence find an expression for the transient crater diameter D in terms of v,g and d. [2] 

g) What happens to the crater diameter as v,g and d are increased? Explain why each result makes 
physical sense. [3] [12 total] 

 

3. Here we’ll consider different methods of topographic support. 

a) The pressure (normal stress) at the centre of a uniform rubble-pile asteroid is ρgR/2, where ρ is the 
density, g is gravity and R is the radius. Neglecting cohesion, write down an expression for the maximum 
shear stress this asteroid can withstand, in terms of ρ,g,R and the friction coefficient f. [1] 
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b) Also write down an expression for the approximate stress generated by topography h on this asteroid. 
[1] 

c) Using your answers to a) and b), write down an expression for the predicted ratio h/R for the asteroid 
[1] 

d) Using b), write down an expression for the stress due to topography in terms of h, ρ, R and the 
gravitational constant G. [2] 

e) For large asteroids, this stress may exceed the yield strength Y. Using d), write down an expression for 
the predicted ratio h/R in terms of Y,G,ρ and R. [2] 

f) Hence sketch how the ratio h/R should vary as a function of the radius of the body. [3] 

g) An asteroid has a ratio h/R = 0.15, a density of 2 g/cc and a radius of 400 km. Calculate its yield 
strength, and explain what this might imply about its composition. Take G=6.7x10-11 in SI units. [2] [12 
total] 

 

4. 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. You will need the dune length: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 1 km wide. What dune modification timescale is implied by 
your answer to d)? [1] 
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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] 

 

5. Cratering on the Moon. 

a) The Moon’s surface gains new small craters due to impacts. If surface creep eventually removes these 
craters, write down an expression for the lifetime of a crater tc in terms of the diffusivity κ and diameter 
D. [1] 

b) If craters of a particular diameter form at a rate of r craters per year, write down an expression for the 
steady-state number of craters N in terms of r and tc. [1] 

c) Also write down the average steady-state crater density (craters/km2) in terms of r, tc and the surface 
area of the Moon A. [1] 

d) The Moon forms one new 10m diameter crater per year. Using your answers a)-c), if the average 
density of 10m craters is 0.5 craters/km2, what is the diffusivity (in m2/yr)? Take A=4x107 km2. [2] 

e) Roughly how big would a crater have to be before it could survive 4 Gyr without significant 
degradation by surface creep? [1] 

f) For small craters, target strength dominates. If the initial transient cavity is hemispheric with diameter 
D and the yield strength of the material is Y (with units of Pa), write down an approximate expression in 
terms of D and Y for the energy required to overcome the target yield strength and thus form the crater. 
[1] 

g) The incoming projectile has a density ρ, diameter d and velocity v. Write down the kinetic energy of 
the projectile, and hence find an expression relating D to d, ρ, v and Y. [2] 

h) In your answer to g), how does D depend on v and Y? Explain why these dependencies make physical 
sense. [2] 

i) Impact velocities on the Moon are typically 15 km/s. How large is the projectile which makes a 10m 
diameter crater? Take ρ=3000 kgm-3 and Y=10 MPa. [1] [12 total] 

 

6. Lava flows. 

a) We can write down an expression describing how a lava flow becomes longer with time: 



 

where L is the lava flow length, h is its thickness and c is a constant. Using the formula sheet, write down 
an expression for c in terms of the flow viscosity, density, gravity and slope. [1] 

b) Let’s assume that no material is being added to the lava flow, so that its cross-sectional area A is 
constant. Write down an expression relating A, L and h. You can assume that the cross-section of the lava 
flow is roughly rectangular. [1] 

c) Using your answers to a) and b), find an expression giving L in terms of h0, L0, c and time t. The 
boundary conditions are that h=h0 and L=L0 at t=0. [5] 

d) Draw an approximate sketch of how L evolves with t. [1] 

e) Derive an expression for how long the lava flow takes to double in length, in terms of c, h0 and L0. [1] 

f) Explain how this doubling time depends on viscosity, slope and gravity, and explain why each answer 
makes physical sense. [3] [12 total] 

 

7. Gullies on Mars 

a) Cobbles at the base of a Martian gully are 10 cm in diameter. What friction velocity was required to 
transport them? Take g=3.7 ms-2, ρf=1000 kgm-3, ρs=3000 kgm-3 and θ=0.1. [1] 

b) If the slope is 2o, what channel depth is implied? [1] 

c) What water flux is implied (in m2s-1)? Take fw=0.05. [1] 

d) The total volume of the fan at the bottom of the gully is about 106 m3. If the typical sediment:water 
volume ratio in a flow is 1:10 and the channel width is 3m, how long was the gully flowing for? [2] 

e) Meandering channels are thought to imply the existence of cohesive sediment. Suggest two possible 
ways in which Martian sediments could develop cohesive strength. [2] 

f) Some people have argued that the gullies are not caused by water. Dry sediment flux (in m2s-1) is given 
by κ dz/dx, where κ is the diffusivity. What is the value of dz/dx in our case? [1] 

g) If the apron is 1 Myr old and has a cross-sectional area of 103 m2, what diffusivity is implied (in 
m2/yr)? [2] 

h) Diffusivities in the western US are 10-3 m2/yr. What do you conclude about the likelihood that Martian 
gullies are the result of dry slope processes? [2] [12 total] 

 

 


