What is wave-equation migration (WEM)?
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After Sava and Hill, 2009

What are the two wavefields?

1. The source wavefield models the seismic source (in this case, teleseismic earth-
quakes, as opposed to the near-offset impulsive sources of industry). For teleseismic
sources, the wavefield can be approximated as a plane wave, which can be constructed
given information about the incidence angles of the arriving teleseism.

2. The receiver wavefield contains the scattered coda. The linear array of seismo-
graphs sample this wavefield at z=0 and at discrete x locations. The recorded data,
then, serve as a boundary condition on the receiver wavefield. Additionally, the re-
ceiver wavefield contains the source wavefield.
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The process of determining the two wavefields 1s called wavefield reconstruction and
simulates wave propagation. The process requires a velocity model and an appropriate
wave equation. The source wavefield is determined by stepping a plane-wave arrival
forward in time through the velocity model. Determining the receiver wavefield re-
quires stepping backward in time; in reality this wavefield 1s determined using the prin-
ciple of reciprocity - the receivers are treated as sources and the recorded data as the
source signals.

What data are used?
Seismic reflection studies utilize

only back-scattered (reflected)
P-wave energy (Figure a), and
receiver functions utilize only
forward-scattered (transmitted) P
to S conversions (Figure b).
WEM utilizes both forward- and
back-scattered energy from both
P and S phases (Figures b and c¢),
and therefore exploits informa-
tion in the recorded data that is
otherwise regarded as noise.
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from Bostock et al. 2001

Existing teleseismic imaging approaches

Receiver functions
Probably the most prevalent approach to imaging with teleseismic data has been to con-
vert receiver functions (RFs) from time to depth using a velocity model. This approach
can be improved upon with stacking, usually in a CCP sense (e.g. Schulte-Pelkum et al.,
2005, Hetenyi, 2007), and optionally migrating. One limitation of this approach is its uti-
lization of only forward-scattered P to S energy.
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Application of WEM to telesesimic data

How is an image obtained?
The two wavefields created during wavefield reconstruction are cross-correlated based on
an imaging condition of Claerbout (1971) which asserts that source and receiver wave-
fields are spatially collocated at scattering points (for forward-scattered energy) or reflec-
tors (for backward-scattered energy).
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Imaging with receiver functions

Recorded data:
Uz(t) = S(t) * Ez(t) * I(t)

Ur(t) = S(t) * Er(t) * I(t) )
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“Deconvolve, then convert to depth”

Inversion of scattered teleseismic waves
A technique upon which this work is based, and which was used to generate the widely-
reproduced 1mages of the Cascadia subduction zone, 1s the inversion of scattered tele-
seismic waves (Bostock et al., 2001, Rondenay et al., 2001, Bostock et al., 2002). Scat-
tering of teleseismic energy into P wave coda can be posed as a forward problem, and
the associated inverse problem, utilizing the Radon transform as a back projection opera-
tor, generates images of elastic properties using the recorded coda.
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Imaging with WEM
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S(t), 6, @ Wavefield Ws(x,t) = S(t) * I(t) * Gs(x,t)
reconstruction
Receiver information
(recorded data) — Receiver
R(x,t) wavefield

WRr(x,t) = S(t) * I(t) * Gr(x,1)

Cross-correlation:

I(X,Z) = (Ewl Ws We*) / Ws Ws*

{4 from Shragge et al., 2006

0 50 100 150 200
Horizontal distance (km)

“Propagate to depth, then correlate”

Processing parameters
 Linearly increasing velocity model based on surface wave dispersion (Caldwell et al.,
2009). Velocity model 1s 2.5D and thus assumes constant along-strike velocities.
* Only forward-scattered P-P considered thus far.
* “Interferometric” approach 1s used in which the source wavefield 1s not created
separately, but rather the receiver wavefield 1s used as the source wavefield, since the
source function 1s contained in the recorded data.

Data Set
 Nineteen 3-component broadband stations, ~10km spacing, Guralp 3T and 3ESP sensors.
* 452 events of Mw > 5.0 and delta 30°-100" recorded between Oct 2005 and Oct 2006.
* Collected by India’s National Geophysical Research Institute (NGRI).
 Array crosses the surface expressions of several major features in the Himalayan thrust
belt: from south to north, the Main Frontal Thrust (MFT), Main Boundary Thrust (MBT),
Main Central Thrust (MCT) and the South Tibetan Detachment (STD).
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