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Introduction
Corner frequency

The rise of observations from Distributed Acoustic Sensing (DAS, e.g., Zhan 2019) and high-rate

● The classical model of Brune (1970) is used. The shape of the spectrum is given for fall-off rate n=2.

GNSS networks (e.g., Madariaga et al., 2018) highlights the potential of dense ground motion
observations in the near-field of large earthquakes. Here, spectral analysis of 10,000-100,000
synthetic near-field strong motion waveforms in the frequency range of 0.01-1.0 Hz is presented
in terms of corner frequency, fall-off rate, and static displacements. Synthetic waveforms are

● It is important to perform the integration in the spectral domain. Otherwise, static displacement would contaminate the

derived from 3-D spontaneous dynamic rupture simulations of the 1992 Landers Earthquake

spectrum at all frequencies (Madariaga et al., 2018).

accounting for complex fault geometry, topography, 3-D subsurface structure, off‐fault plasticity,

● The Spectral Seismological misfit (Karimzadeh et al., 2018) is used to pick the right corner frequency (fC), which is a new

and viscoelastic attenuation (Wollherr et al., 2019). The mainly right-lateral strike-slip Mw 7.3

implementation for this kind of problem. This misfit has two major benefits, first, it is fully based on relative differences

Landers earthquake of 28 June 1992 is one of the best studied, yet still puzzling, multi-segment

Corner frequency analysis of all three components of
synthetic waveforms. The strongest variations occur in the
vertical component.
Below: Topography.

and therefore independent of the examined absolute amplitudes. Second, its logarithmic scaling prevents the

events. It ruptured five major faults previously considered unconnected (Sieh et al., 1993).

overweighting of single outliers of a strongly oscillating spectrum.

Slip rate across the fault system at selected rupture times illustrating dynamic rupture evolution
and complexity. Rupture successively cascades by direct branching and dynamic triggering.
CRF = Camp Rock fault; EF = Emerson fault; HVF = Homestead Valley fault; KF = Kickapoo
fault; JVF = Johnson Valley fault (Wollherr et al., 2019).

● The two horizontal components do not show a strong spatial variability, increased fC is often based on low velocity

Fall-off rates

sediment basin and/or topography effects. They especially arise, when the ray path is parallel to the examined
component.There are some minor radiation pattern effects and overall fC in backward direction is smaller than in forward

spectrum allowing n to be variable.

direction, which is probably based on rupture directivity.
● The vertical component shows the highest spatial variability and a pattern of rays of high fC, which originate at the fault
trace. The rays mostly have an angle of about 45° to the fault and their origins correlate very well with fault areas of
Mapped fault traces (Fleming et al., 1998) that are used
to construct 3-D dynamic rupture simulations. The star
marks the epicenter of the 1992 Mw7.3 Landers
earthquake. All faults are exposed to regional tectonic
loading. The steep orientation of the maximum
compressional principal stress 𝜎1 is rotating from N11°E
in the North to N33°E in the South (Wollherr et al.,
2019). Rupture is stopped smoothly corresponding to
fault orientation toward the principal stress orientation.

3-D dynamic rupture earthquake scenario

● To determine the fall-off rates (n) of the vertical component, the spectra are here fitted to the Brune type
● The fall-off rates show an even stronger spatial variability than corner frequencies and are characterized by
steep gradients and a high sensitivity to sedimentary basin structures.
● Zones of high fall-off rates reflect the distribution of the high fC rays, but are not always as sharply separated as

maximum accumulated slip.

the corner frequency spatial distributions.
● Fall-off rate distributions contain zones of alternating high and low values of n nearly everywhere around the
fault trace. We note that in backwards direction this effect is overprinted by the Salton Sea basin.

Distribution of total accumulated slip for the preferred dynamic rupture scenario after 100s
simulation time. Coordinate axis are in Universal Transverse Mercator coordinates (km). The star
marks the hypocenter at depth of −7 km (Wollherr et al., 2019).

● Waveforms are generated in 3-D large-scale dynamic rupture simulations, which incorporate
the interplay of complex fault geometry, topography, 3-D velocity structure and viscoelastic
attenuation (Wollherr et al., 2019).
● A preferred scenario accounts for off-fault plasticity and reproduces a broad range of
observations, including final slip distribution, shallow slip deficits, spontaneous rupture

Static displacement from near-field spectra
● Static displacement can be inferred from the lowest frequency of the velocity
spectrum (Madariaga et al., 2018):

termination and transfers between fault segments.
● The software package SeisSol is used for the simulations, which works with an Arbitrary
high-order DERivative-Discontinuous Galerkin (ADER-DG) method and is able to provide
high-order accuracy in the space and time domain (Käser and Dumbser, 2006).
● The model contains a high-resolution area with a width and length of 270 km around the fault
trace, where spatial high-density surface waveforms are provided, which resolve frequencies

Salton Sea basin

● If the amplitude spectrum is correctly processed and the data is noise-free, then
there is nearly no loss in information.
● We compare the vertical fall-off rate map to a purely elastic dynamic rupture simulation, which does not

● Static displacement of the vertical component reflects the focal mechanism.
Corner frequency of the vertical component

at least up to 1Hz.

account for off-fault plasticity. The basic pattern of alternating zones of high and low fall-off rate is also
emerging, but their strength, width, and distribution are different.

● Pronounced rays of elevated corner frequency may inform on focal mechanism, slip distribution and fault segmentation
● Rays are oriented mainly in forward direction and correlate to a certain degree with PGVs. Both are indicators for smaller pulse
widths and higher corner frequencies (e.g., Kaneko and Shearer, 2014). Increased P-wave portion could also have a
contribution, because P-waves in general have a high fC and fall-off rate (e.g., Hanks, 1981). The observed 45° angles could
be the product of the P-wave radiation pattern.
● The high fC west and south to the hypocenter are again based on sediment basin and/or topography effects, especially the

● The two simulations have the same hypocenter, fault geometry, velocity model, topography and moment
magnitude. However, they slightly differ in terms of moment release rate and final slip distribution.
● Differences in fall off rates likely reflect differences in directivity effects, which are much more
pronounced in the elastic simulation and PGVs, which are in forward direction increased by up to 35%
on average in the elastic model, while ground motions perpendicular to the fault are very similar. Also
rupture transfers between segments are easier in the elastic case, and the shallow slip deficit is lower.

Introduction
Conclusions

outlines of the Salton Sea basin in the south can be well observed.
● At three stations on or between the rays, there is real data available. Overall the observed spectra exhibit a good fit in the
frequency range from 0.05 Hz to 1 Hz. To determine the fC correctly, the real data spectra were artificially increased at low
frequencies (dashed lines).
● At station Barstow fC fits nearly perfectly. At station Fort Irwin, which lays between two rays, the observed fC is slightly lower. In

near-field spectral data recorded with high spatial density and at relatively low frequencies.

the case of Yermo, the observed fC is clearly higher than the simulated one. Yermo is located in strong forward directivity

● We show it is possible to accurately determine static displacements from near-field velocity spectra.

direction, in our analysis aligned with a high fC ray. Thus, we infer that observations agree with the observed high fC rays of the

● Fall-off rates and corner frequencies, for a strike-slip event mostly of the vertical component, contain information

dynamic rupture simulation.
References:

Static displacements derived from synthetic
near-field spectra resemble the modeled
displacements very well.

● Our synthetic analysis highlights that a wide range of earthquake source information may be obtained from

about moment release rate, final slip distribution, and fault geometry.
● Synthetic spectra from complex dynamic rupture simulations show distinct patterns of elevated corner frequency
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radiation pattern, and focusing effects.

