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Submarine landslides can damage offshore infrastructure
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When, Where, thus Why*!



Abundant submarine landslides in the Gulf of Mexico
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20°N

Advantages

e Our approach can locate any source of seismic radiation
|® No requirement of prior knowledge of source types
= e |{ is applied to continuous data, no phase picks, surface waves (largest amplitude)
e [here Is no need of an accurate seismic velocity model
¢ [t can combine multiple arrays of different spatial footprints and scales

e Computationally efficient. It has the potential to be applied in real-time
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Strong transcontinental

long-duration surface waves

Fan et al
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Centroid single force (CSF) inversion

Fan et al., GRL, 2020



Centroid single force (CSF) inversion
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Centroid single force (CSF) inversion
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Submarine landslide
dynamically triggered
by a distant earthquake
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Submarine landslide
dynamically triggered
by a distant earthquake

Distance = 1647 km
Time =435 s
Triggering velocity = 3.6 km/s
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This is NOT the near-field (< 100 km) type
earthquake-landslide triggering process (PGA: ~1g7)

The earthquake and the submarine landslide
are ~1500 km away.... (~KPa")
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Distance vs time of | Vainshock azimuth
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submarine landslides
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Immediately
dynamically triggered
or very short delay

Fan et al., GRL, 2020
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A distance limit 7

A frequency
dependence 7

Fan et al., GRL, 2020
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Abundant submarine landslides in the Gulf of Mexico
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Abundant submarine landslides in the Gulf of Mexico
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Mechanisms of submarine landsliges
N the Gulf of Mexico

Complex ocean basin + thick sediment
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Mechanisms of submarine landsliges

N the Gulf of Mexico

W
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2008—2015, 85 in total
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Rapid sediment accumulation

e Overly steep topography

e Over pressurization

e (Gas hydrate

o \Weak oll layer

e Ground water / oil seepage

Fan et al., GRL, 2020



Mechanisms of submarine landsliges
N the Gulf of Mexico
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e Complex ocean basin + thick sediment
e Rapid sediment accumulation

e Overly steep topography

e Over pressurization

e (Gas hydrate

o \Weak oll layer

e Ground water / oil seepage

* Prolonged strong ground motion

e Cyclic shearing -> plastic strain -> strength reduction
e Cyclic shearing -> permeability enhancement

Fan et al., GRL, 2020



he ambient seismic wavefield records the coupled Earth systems

arge seismic array can help revealing complex surficial processes

undant submarine landslides are detected in the Gulf of Mexico

Majority of the landslides are dynamically triggered by distant earthquakes
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Groundwater monitoring using ambient noise seismology

Marine Denolle, Tim Clements, Laura Ermert, Julian Schmitt
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o - Outstanding challenges:
| e - Link between environmental forcing an
“rogress towards; cliff erosion rates
- Separating signals related to - Limited interrogation of influence and '
stinct environmental forces evolution of cliff material properties
onitoring and locating cliff - Limited focus on identifying precursors to
ailure | liff failure
- Assessing influence of potential & g :
allure mechanisms N .

Operational challenges and limitations:
number of datasets w/ variable setups -

- "Nolsy environments

Directional sources
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Opportunities
» Identification of rare events, forcing/precursors and process cascades

» High spatial/temporal resolution for process monitoring
» With independent calibration/data: direct estimates of sediment transport rates

» Without independent calibration/data: tracking of qualitative patterns, relative rates

* Characterizing bed organization/evolution or energy transfer

Challenges/Needs
- Complex coupling between sediment transport, hydraulic parameters and environmental variables
- Site-specific attenuation (i.e., empirical Green’s functions) — riverbeds are heterogeneous!

- Parallel development and validation of theoretical models will require controlled seismic deployments
co-located with traditional instrumentation to independently measure environmental variables

*  Weather/meteorological data * High resolution topography/change detection
* Water level/discharge * Substrate characteristics (attenuation)

« Sediment transport rates * Video/time-lapse imagery



INnovative seismic techniques can be used
to study the environment
to benefit the society




