


Dynamics of the mantle and lithosphere (2016) Thermal structure

system and define all quantities. Indicate the direction of heat flow.
Note: Derive your expression for the temperature profile in terms of the vari-
ables defined above - only substitute numbers into the expression at the end.

(c) Plot your temperature solution T (y). What is the value of the heat flux at the surface?
What would the temperature field look like if you only considered radiogenic heating
in only the upper half of the continental crust?

Q3 Lithospheric thickness

A solution of the conservation of energy equation

∂T
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with the boundary conditions
T = T1 at t = 0,

T = T0 at y = 0,

T → T1 as y →∞,

is given by
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√
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)
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This solution represents an idealisation of mid-ocean ridge (spreading centre). The ge-
ometry and sketch of the solution is shown in Fig. 1

Figure 1: Taken from Turcotte & Schubert, Geodynamics (2014).

Using this simple analytic solution, we will determine an approximate thickness of
the oceanic lithosphere. In this context, we will assume that the mantle temperature
T1 = 1773 K and that the surface temperature T0 = 273 K. We will also assume the
following parameter values are valid for the oceanic lithosphere: Cp = 1000 J/kg/K and
k = 1.67 W/(m K).

(a) Compute the thermal diffusivity κ of the lithosphere. State any assumptions made.
The answer should be given in units of mm2 s−1

(b) Using Eqn.(2), plot T − T0 as function depth y and time t. Consider depths ranging
from 0 to 200 km and for a time up to 150 Myr.
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Figure 2: Example relative temperature field T (t, y) − T0, when κ = 1 mm2 s−1 and
T1 − T0 = 1300 K.

(c) The oceanic lithosphere is the surface plate that moves rigidly over the deeper vis-
cous mantle. These plates are created from the hot mantle rock which is flowing
upward beneath the ridge. The rising (buoyant) rock is cooled by the seawater and
forms the rigid plates which then moves away from the ridge. Consequently, the
oceanic lithosphere can be identified as the part of the upper mantle whose temper-
ature is less than some value below which mantle rocks do not readily deform over
geologic time.

Assuming that the contour T −T0 = 1300 K represents the mantle-lithosphere bound-
ary, compute (or estimate) the thickness of the lithosphere at t = 50 Myr and t = 100
Myr.

Figure 3: Tabulated and plots of the the error function (erf) and the complementary error
function (erfc). Taken from Turcotte & Schubert, Geodynamics, (2014).
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