
GEO-DEEP 9300: Introduction to receiver functions

and discontinuities

Valerie Maupin

Many figures from IRIS training school lecture from Anne Sheehan (2006) 

and from Stein and Wysession: 



Body wave and surface wave tomography give smooth profiles

Phase velocity of Rayleigh wave as a function of plate age in the Pacific Ocean

Nishimura and Forsyth, (1989)



Can we detect discontinuities with seismic waves?

What does discontinuities do to the seismic waves?



Reflection, transmission and conversion

S reflected
P reflected

S transmited

P transmited

P incident



Snell’s law



Goal: detect interfaces in the subsurface

Reflection seismics:

OK, but not for the

lithosphere



Examples of converted/reflected waves used for mantle studies

Converted P to S
Reflected SReflected P

Minor waves relative to a major one



Receiver functions



Receiver functions

▪ Principle of P-receiver function

▪ P- and S-receiver functions

▪ Applications for Moho and LAB depth

▪ Applications for 410 and 660 discontinuity



Moho

P wave

Incident P-wave



Moho

Refracted P wave.

Incident P-wave

Snell’s law



Moho

Refracted P wave.

Incident P-wave

Snell’s law



Moho

Refracted P wave.

Incident P-wave

Snell’s law

Converted SV wave.







Moho

Reverberations may interfere 

with first arrival



Moho

Sediments may bring 

additional phases







Deconvolution of the source (earthquake) function



Stack of events: average over azimuth

from Tkalcic et al., 2010



Can RF show a sharp lithosphere-asthenosphere boundary?





P-receiver function

and

S-receiver function



Snell’s law for incident P and incident SV





Kawakatsu and Utada., 2017



Detection of the sharpness of the discontinuity



Thickness of interface

H

Long wavelengths (>>H) 

see an interface

Short wavelengths (<<H) 

see a gradient



Detection of the sharpness of the LAB



Gradient of the LAB



LAB or MLD?



Ford et al.., 2016



RFs:
unique

constraints to 

characterize the

LAB



Receiver functions for 410 and 660 discontinuities

after Andrews and Deuss 2008



after Andrews and Deuss 2008



Discontinuity variation at subduction zones

From A. Deuss



after Deuss 2009



Thickness of interface

Thickness of 410-discontinuity 
from Helffrich and Wood, 1996:

around 4km

H



after Andrews and Deuss 2008



Summary on receiver functions

Unique to detect Moho, LAB, 410, 660 discontinuities

Advantages

• Constrain presence and depth of discontinuities

• Constrain sharpness of discontinuities to some extend

• Complementary to surface wave tomography

Disadvantages

• Coverage in regions with seismometers

• Give only velocity difference across jump
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