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Last Week ïHeat Conduction
ÅEverything you need to know about heat conduction 

in one equation: d2=kt

ÅHeat transport across mechanical boundary layer is 

usually by conduction alone

ÅHeat is often transported within planetary interiors by 

convection (next week)

ÅMain source of heat in silicate planets is radioactive 

decay

ÅTidal heating can be an important source of heat in 

bodies orbiting giant planets
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This Week ïSeismology

ÅNot covered in T&S

ÅUseful textbook is Lowrie, Fundamentals of 

Geophysics, C.U.P., 1997

ÅMost useful for the Earth; limited applications 

elsewhere

ÅOnly a verybrief treatment here ïdealt with in 

much more detail in other courses



F.NimmoEART162 Spring 08

Key Points
ÅSeismic waves are just another kind of elastic 

response to a load, but they are time-dependent 

rather than static

ÅSeismic waves have frequencies ~1 Hz

ÅAt these (short) periods, the mantle behaves as 

an elastic solid (it behaves as a viscous fluid 

over ~Myr timescales)

ÅTwo kinds of waves (P,S) with different 

velocities ïonly one kind (P) in fluids

ÅVelocities depend on material properties (K,G)
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Refresher on Elasticity

ÅElasticity:
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Seismology
ÅSome kinds of waves can propagate in fluids (e.g. sound)

ÅElastic media allow several different kinds of waves

ÅSeismology is the study of wave propagation through 

planets

ÅWe can derive the wave equationas follows:

Consider only shear stresses for the moment
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Wave Equation
ÅRecall the definition of the shear modulus:

xyxy Ges 2=
ÅWe can also relate the strain exy to the displacement w:
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ÅPutting all this together, we get the wave equation (here 

for shear waves):
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ÅWhat is the solution to this equation?

a )](sin[),( yctktyw += r/Gc= lp/2=k
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Wave Equation (contôd)

ÅWave (phase) velocity is given by c

ÅPropagation direction is perpendicular
to particle motion (and shear)

ÅThis kind of wave is known as a 
transverse, shear or S-waves

ÅPropagation velocity c depends on 
shear modulus G and density only

ÅIn fluids, G is zero so S-waves do not 
propagate through these materials
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Longitudinal or P-waves
ÅHere the propagation direction is parallel to particle motion

Particle motion

Propagation 

direction
C R C R C R C R

ÅIn a 2D situation, stresses will arise in a direction 

perpendicular to the propagation direction (this must occur 

if perpendicular strain is to be prevented)

ÅSo we have to take into account both the shear modulus G

and the bulk modulus K

ÅIt turns out (see Lowrie) that the P-wave velocity is

C stands for compressional,

R for rarefaction stresses
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NB Unlike S-waves, P-waves can

propagate through a fluid
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Summary

ÅS waves (transverse)

ÅP waves (longitudinal)
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ÅWhich kind is faster?

ÅWhich kind travels through fluids?

ÅWhat happens to velocity if density increases?

ÅThe most important point is that seismic velocities 

depend on material properties; thus, by inferring seismic 

velocities, the material properties can be deduced

ÅWe will see in a minute how we can infer velocities
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P- and S-waves

ÅS-waves and P-waves 

produced by the same 

earthquake will arrive at 

different times ïP waves 

arrive first (Primary), S 

waves arrive second

ÅThe time difference Dt

gives the distance L to the 

earthquake

sp V
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ÅTypical mid-mantle values: K=400 GPa, G=200 GPa, 

r=4800 kg m-3 Vs=6.5 km/s, Vp=12 km/s
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Frequency and Wavelength
ÅFrequency and wavelength are related:

ÅSeismic events tend to contain a large number of 

different frequencies

ÅSeismic noise is worst in range 0.1-1 Hz

ÅAttenuationmeans that high-frequency components 

are smaller at greater distances from the earthquake

ÅBigger earthquakes tend to have amplitude peak at 

longer periods (why?)

ÅWavelength is important because it determines the 

smallest object which can be detected

ÅE.g. what is the wavelength of an S-wave at 0.1 Hz?

lfv= v=velocity, f=frequency, l=wavelength
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Other kinds of waves . . . 

Rayleigh wave Love wave

ÅThe Earthôs surface allows other kinds of waves 

(surface waves) to propagate

ÅThey arrive later than P and S waves

ÅThey are generally most sensitive to shallow structures
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What affects seismic velocity?

ÅTemperatureïT K,G   > r      so Vp,Vs

ÅPressureïP K,G > r so Vp,Vs

ÅComposition- e.g. Fe r soVp,Vs

ÅMelt ïmelt fraction    G      soVp,Vs          (recall that 

fluids do not support shear)
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So by measuring vertical or lateral variations in Vp and 

Vs, we can make inferences about properties such as 

melt fraction, mineralogy etc.

Examples: low velocity zone beneath plates or near 

plumes (why?),increase in velocity at 670 km depth etc.
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Travel-time curves
ÅA global network of seismometers allows travel-time 

curves to be constructed (why was it built?)

ÅIt turns out we can calculate the radial variation of semisic 

velocity from the slopeof a travel-time curve (dt/dD)

D

t

This diagram shows travel-time 

curvesassembled from lots of 

different earthquakes. The slopes

of the curves can be used to obtain 

the velocity structure of the 

interior. The technique does not 

work in low-velocity zones. See 

Lowrie for more information.


