Guided waves from sources outside faults: an indication
for shallow fault zone structure?
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Abstract

Using 3D numerical modeling of seismic wave propagation we investigate the
possibility of generating fault zone (FZ) trapped wave energy from sources well
outside the FZ. We find that in the low-velocity part of the FZ trapped waves can
be excited from sources outside it if (1) the low-velocity structure ranges only to
shallow depth and the source is located at greater depth or (2) the structure of
the low-velocity zone is such that only the shallow part of the FZ traps energy.
FZ trapped waves will not be excited from sources well outside a planar FZ
continuous with depth. Together with evidence from observations of FZ trapped
waves near the North-Anatolian fault this supports the concept of a shallow low-
velocity FZ structure rather than a FZ structure continuous with depth. This may
have implications for rupture dynamics as well as for aspects of shaking hazard
near faults.

Introduction

In the lag decack faut zone (F2 guidel head and trappgevaves hae bea& observe
along severbeartiguale fadts with receives clo® to the FZ (see Janke & al., 2002 for a
review) Thete is hog thda analwis d suth phase ma be useé to provice a highe
resoluion imaging o FZ structue & deph than s possib with standad ray tomographi
methods Sud imaging can provide importart input for mechanich modek d faults
before during ard afte earthquake ruptures While @temps ae beirg macd o invett the
observd trapped wae forms in terns d plane vetical fault zore structue (e.g Michad
and BenZion, 1999 it is & present not cleahow rdiable the obtainel structura
information is, even when excdlent dafa fitting is achievedin previows stidies (Igd et al,
2002 Jahnke ¢ al., 2002 we were abled diginguish between importart (e.g structura
discortinuities) and lessimportart (e.g vettical velocity gradients smdl deviations fram
plana fauts) effects m the trgoping dficiency due to nonplana structures However, e
assume tha sources ake locate right in the fadt or at the fadt’s side

Severd previows stidies agual tha FZ guided waves ae only generatd when the
sources ae close & o inside the lowvelodty FZ layer. It is thaught that ony a smé#
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percentage of earthquakes in an active fault occurs inside this region. Here we discuss
numerical simulations of 3D wave propagation which show that sources at considerable
distance from the FZ are able to generate high amplitude trapped waves. We focus on a
structure consisting of a shallow low velocity FZ layer (e.g., depth < 5 km) in a half space,
and perform an extensive parameter study quantifying the amplification of ground motion
for sources outside and below the FZ layer. In genera, the trapping efficiency strongly
depends on the source mechanism and orientation of the source with respect to the FZ

layer.

The generation of guided waves by sources in a volume outside the FZ has
implications for evaluation of seismic hazard close to faults. It further demonstrates that
considerable care has to be taken when interpreting fault zone trapped waves in terms of
low velocity zones that extend throughout the seismogenic crust.

Trapped waves from sources outside fault zones

To investigate the trapping efficiency we position various sources outside shallow and
continuous faults and record seismograms at profiles across the fault at the surface. An
example is shown in Figure 1. The snapshots show SH-type wave propagation from a
strike dlip source below a shallow low-velocity FZ structure.

/

Figure 1 Transvere mdion from a source (std outsice a lowvelodty faut zone At late time the
trappirg o wave enery inside thelow-velodty structue (enlargd setion) is visible

The smulations indicae thd if the FZ is continuous with depth no trgpped waves ae
generatd from souces severhFZ widths outsie it. Howeve - as can be see from
Figure 1 — as 0n as the low~velodty structue is shflow, enery entes the FZ from
belov and is trgpped This is furthe highlighted looking & the horizonthground mdion
recordel acras tre fadt. In Figure 2 the seismogram cleary shav amgified signas
following the dired¢ shearwawve arivals. Note al® the rapd decey of the ampitude o
thew signas when recordel jug outsick the failt.
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We posed the question which source volume would be able to lead to trapped waves
given ashallow fault zone structure. By defining time windows containing either the direct
S-wave or the trapped waves we calculated the ratio of trapped wave to S-wave energy
recorded at a particular receiver at the surface (see Figure 3) for alarge number of source
positions and source-receiver paths. This allowed us to estimate the source volume which
will lead to a particular amplification at the surface location of the fault. In Figure 3 this
relatively large volume (open to greater depth) is shown for an amplification factor of 2.
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Figure 2: Horizontal ground velocity recorded above| Figure 3: Surface of the volume in which
the fault for the model shown in Figure 1. amplification w.r.t. S-amplitude exceeds a
factor of 2.

An extensie presention o the sSmulation reslts will be reportedelsewhee
(Fohrmann ¢ al., 2002)

Discussion

The (velodgty-) structue d FZs & depth ard nea the surfae isa crucid factar for the
dynamic behavio of faults as wé as the groum mdion to be epectal for eartlguale
scenaria in tho® regions As raybasel method ae nd capabt d resolving the sméd
scals involved thee is hog tha FZ guidel waves ae capable foproviding this
information. FZ guided waves ae nav canmonl observe as on a receives ae
postioned diredly above the Z emerging a the surface Ove the pas decae the mai
conclusiors fram eithe modding o imaging o FZ trapped waves pointel toward plana
low-velodty structure cortinuous with depth

There is nav substatial eviderce fran observéions (BerZion € al.,, 2002 tha — at
leag in a typicd large deforméion-rate transfom faut (North-Anatdian Faut) — amog
al aftershocls recorde aowe the ative fadt from a large sourcevolume contan trgpped
wave mdion. This indicates thtaa sh#low (vertical) low-velodty structue belav the
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receivers on the fault is responsible for the observed ground motion. This is supported by
the numerical simulations presented here and further detailed in Fohrmann et al. (2002).

In addition to the implications for the dynamic behavior of faults at depth these
findings suggest that amplification of ground motion near FZs at the surface may occur for
sources originating in a large volume. Such structures may have to be included in the
evaluation of shaking hazard based on earthquake simulations, as previoudly suggested by
Spudich and Olsen (2001).

Acknowledgments

We acknowledge support for avisit of YBZ to Munich by the German Academic Exchange Service
through the IQN-Georisk (www.ign-georisk.de).

References

[1] Ben-Zion, Y., Peng, Z., Okaya, D., Secber, L., Armbruster, J.G., Ozer, N., Michad,
A.J, Baris, S., Aktar, M., 2002, A shallow fault zone structure illuminated by
trapped waves in the Karadere-Duzce branch of the North Anatolian Fault, western
Turkey, Geophys. J. Int., submitted.

[2] Fohrmann, M., Jahnke, G., Igd, H., Ben-Zion, Y., 2002, Trapped waves from sources
outside fault zones, to be submitted to Pure Appl. Geoph.

[3]1gd, H., Jahnke, G., Ben-Zion, Y., 2002, Numerical simulation of fault zone
guidewaves. accuracy and 3-D effects, Pure Appl. Geoph., in print.

[4] Jahnke, G., Igd, H., Ben-Zion, Y., 2002, Three-dimensional calculations of seismic
fault zone wavesin variousirregular structures, Geophys. J. Int., in print.

[5] Michad, A., J., Ben-Zion, Y., 1998, Inverting fault zone trapped waves with a genetic
algorithm, EOS Trans. Amer. Geophys. Union, 79, F584.

[6] Spudich, P., Olsen, K.B., 2001, Fault zone amplified waves as a possible seismic
hazard along the Calaveras fault in central California, Geophys. Res. Lett. 28,
2533-2536.

176



