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Subduction zone

T. Atwater & J. Iwerks (http://animations.geol.ucsb.edu)

http://animations.geol.ucsb.edu
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Seismic images of subduction zones

local global

Calvert, 2004

Karason & van der Hilst, 2000



Need for high-resolution images at regional scale



outline

• method: 2D GRT inversion

• application to the Alaska subduction zone

• other successful applications

• outlook
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The input data: teleseismic scattered waves
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problem:

2-D Generalized Radon Transform (GRT) inversion

model spacedata space



Forward and back-scattered modes
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Alaska subduction zone



data selection and preprocessing
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Interpretation of the dVs/Vs profile



continental crust

oceanic crust

serpentinized mantle
or yakutat terrane?
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Hellenic subduction zone

Pearce et al., JGR, 2012



Figure 1.  Station map of TUCAN experiment.  Black squares are 
TUCAN stations.  Rectangles outline all stations used in the migration.  
The stations enclosed in the rectangle with the dashed line are 
included in the migration, but not shown in projected views due to 
inadequate station spacing.  Slab depth is indicated with 50 km 
contours.  
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Figure 9.  ∆ß/ß for the Costa Rican transect. The inverted black triangles indicate 

stations used in inversion.  The red triangles indicates location of the arc.  Weights for 

the different phases are Ppms=3, Psms(vertical)=0.5, Psms(horizonal)=0.5 and Ps=10-

100, weighted increasingly with depth.  Small yellow and black dots are relocated earth-

quakes NW and SE of the station respecitvely.
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Figure 10.  ∆ß/ß for the Nicaraguan transect. The inverted black triangles indicate 

stations used in inversion.  The what triangle indicates location of the arc.  Weights for 

the different phases are Ppms=4, Psms(vertical)=0.5, Psms(horizonal)=0.5 and Ps=10-

100, weighted increasingly with depth. 
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Central America

MacKenzie$et$al.,$2010



Mexico

comparing the location of imaged structures and
seismicity.

[22] We also test a range of projection lines with
10! increments in azimuth ("6!, 6!, 16!, 26!, 36!,
and 46!), and Figure S4 shows corresponding
composite dVs/Vs images with no depth-dependent
weight on the direct Pds phase. We find that the
optimal projection azimuth is 16! # 10!, and obtain
the most focused signal from our imaging targets
such as the low-velocity oceanic crust, the over-
riding Moho, and the steep interface beneath the arc
(Figure S4). As the projection angle increases/
decreases, away from the optimal azimuth, migra-
tion artifacts such as “migration smiles” appear due
to insufficient spatial sampling in the northern
region near the Caribbean coast.

3.3. Migrated Images
[23] As more migrated phases (Figure 2) are
stacked in, we observe that the artifacts due to
cross-mode contamination (i.e., parallel echoes of
the real structure [Rondenay, 2009]) become atten-
uated while energy mapped to its correct depth is
sharply imaged (Figures 5 and 6). Figures 2b–2f
show individual mode contributions from forward-
scattered (Pds) and backscattered phases (Ppdp,
Ppds, Psds|v and Psds|h). The image from the
Psds|v mode (Figure 2e) has smaller amplitudes
compared to the images from other modes, and

does not resolve shallowly dipping segments in
both Pacific and Caribbean coast. According to
Rondenay [2009], in general, the Psds|v mode
image does not resolve the structure compared
other seismic modes because all the teleseismic
waves are obliquely incident to the seismic array
and preferentially excite SH-to-SH backscattering.
Also, we observe that the thin oceanic crust shown
as low velocities is clearly imaged except from the
direct Pds mode (Figure 2c). The Pds mode is not
sensitive to horizontal features as demonstrated in
Rondenay [2009] showing small total travel gra-
dients for small or nearly horizontal dip of the
structure [see Rondenay, 2009, Figure 16]. Also,
the flat oceanic crust ($75 km to 200 km laterally)
is not clearly imaged possibly due to the lower
frequency filter of 0.03–0.3 Hz in the migration
(see Kim et al. [2010, Figure 10] for higher fre-
quency version of the Pds mode). The continental
Moho underneath the TMVB and the northern
region are imaged consistently across the individ-
ual mode profiles.

[24] In this paper, we focus on the migrated image
obtained from the stack of S-scattered waves
(Figures 5 and 6) because it is based on larger
number of scattered waves that afford greater vol-
ume and dip resolution, and the S-scattered waves
are more accurately separated from the full wave-
field than P waves [Rondenay, 2009]. Figure 5

Figure 5. Composite dVs/Vs images showing the 500 km transect (A-A′ in Figure 1) across central Mexico (left:
uninterpreted, right: interpreted). (a) Image with no depth-dependent weight. Individual mode shown in Figure 2
are stacked together to form the images with the weight, w1 = 5 for Pds, w2 = 3 for Ppds, w3 = 0.5 for Psds|v and
w4 = 0.5 for Psds|h, based on the rationale developed in Rondenay et al. [2001]. (b) Image with the depth-dependent
weight on the Pds phase for depth greater than 60 km in addition to the above mentioned weights. Note that structure,
especially at shallow depth ($40–50 km) is better resolved with the depth-dependent weighting scheme. The arc loca-
tion is shown as a gray line above each plot. The thin horizontal low-velocity feature at the depth of $70 km is indi-
cated by an arrow, which is discussed in section 4.2.
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outline

• method: 2D GRT inversion

• application to the Alaska subduction zone

• other successful applications

• other less successful applications

• outlook



Outlook

• Generalize the problem: complex background medium, 3-D 
scattering, coda of other incident waves (e.g., S)

• Move toward methods that invert the full waveforms (see talk 
by Qinya Liu)

• Integrate complementary datasets: across branches of 
seismology (e.g., controlled seismic data + passive seismic 
data, local + teleseismic sources, interferometry), across 
disciplines of geophysics (seismic and magnetotelluric 
data)


