


Dynamics of the mantle and lithosphere Rheology of the Earth

(a) Using Eqn. (1), derive an expression for the stress and the effective viscosity from the
Arrhenius flow law. Leave the grain-size parameter d in your derivation (even though
for the remainder of the calculations we will assume m = 0).

(b) Plot the yield strength envelope of the continental lithosphere. You should: (i) use
both the ductile flow law and a suitable definition of the yield stress for each material
type; (ii) use a strain-rate of 10−15 1/s; (iii) plot the solution in z-σ coordinates; (iv)
consider a depth range of 160 km. In your answer, please state any assumptions
made.

(c) How does the strength envelope change when the strain-rate is varied? Consider
using the following strain-rate values; 10−12 1/s, 10−18 1/s and 10−20 1/s. Plot the
different yield strength envelopes on the same figure.

(d) Consider a wet lithology for both the lower crust (wet granite) and mantle (wet olivine).
Plot the strength profiles obtained when using the following strain-rates; 10−12 1/s,
10−15 1/s, 10−18 1/s and 10−20 1/s. How do the strength envelopes differ from those
obtained using dry rheologies? What are the geodynamic implications of these differ-
ences?

(e) For one of you strength envelopes (e.g. wet or dry and some selected strain-rate
value), plot the effective viscosity as a function of depth.

(f) What do these strength envelopes imply about seismicity at depth?

(g) Assuming that the same continental lithological structure existed 500 Ma years ago
(e.g. the depth of the layers didn’t change), what would the strength envelope look
like?
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