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Wadati-Benioff-Zone seismicity

Chile

Japan
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Fine structure of intermediate depth seismicity

Rietbrock&Waldhauser (2004)
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Double Wadati-Benioff-Zone (WBZ) in young slabs

Rietbrock&Waldhauser (2004)
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Global Prevalence of DWBZ

Brudzinsky et al. (2007)
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Global earthquake catalogues show on average a 
clear signal for DWBZs

Brudzinsky et al. (2007)
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Geodynamic models of outer rise faulting in the 
slab

Faccenda et al. (2009)

Faccenda et al. (2012)
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Dehydration embrittlement
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Can we image the seismic properties in the slab?
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Tomography “The perfect example”: Japan

HighNet (e.g.: Huang&Zhao, 2013)  Temporary deployments (e.g. Yamamoto et al., 2014)
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Physical properties along the interface

Yamamoto et al., 2014
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Maule Mw 8.8 aftershock deployment (IMAD): 
pretty close to perfect

Unprecedented data set:
• International collaboration from the outset
• First stations in place in less than a week
• Open data policy from day one
• 200 stations (mainly broadband)
• 1TB of continuous high frequency data accessible 

through IRIS (or Liverpool)
• Onshore and offshore deployment covering the 

length of the rupture areas
• Travel time tomography data set:

• 670 selected events for optimizing spatial 
and depth resolution

• 38,000 P wave onset times
• 14,000 S wave onset times

Rietbrock et al., 2013; Beck et al., 2014
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Traveltime tomography results (2D)

Hicks et al., 2014
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Current experiments and technology (based on traveltimes): 
Structures in the Oceanic crust are hard to resolve 
(even at megathrust depth)
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Slab surfaceó earthquake locations

vanKecken al. (2012)
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Thermal modelling ó Petrological interpretation

vanKecken al. (2012)
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Dehydration embrittlement
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The idea of guided waves
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Abers 2000
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Peculiar P-wave arrivals in subduction zones

Martin et al. (2003, 2005, 2006)

Guided waves are 
sensitive to slab 
structure, but why do 
we observe them?

AER

80 km

200 km
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Peculiar P-wave arrivals

Martin et al. (2003, 2005, 2006)
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‘Simple’ model 1

Martin et al. (2003)
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‘Simple’ model 2

Martin et al. (2003)
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Bending lithospheric slab: mechanism to 
decouple seismic energy

Geometry given by 
intermediate depth 
seismicity: 

Wadati-Benioff-Zone

Martin et al. (2003) Schurr (2000)
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Snapshots of wavefield

straight bended
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Earthquake location matters

Martin and Rietbrock  (2006)
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Source radiation matters
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Low frequency energy

High frequency energy

Martin and Rietbrock  (2006)

Down dip extension
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Bending lithospheric slab: low velocity
lower crust

Martin et al.  (2003, 2005, 2006)

1. <4.5km thick low velocity layer 
down to 160-180 km

2. Velocity reduction of  ~ 7%
3. Eqs are located inside or just 

below the low velocity layer
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Guided waves: A high Resolution Tool to Test 
Slab Structure

Garth&Rietbrock (2014a,b)

Clear dispersion observed

Japanese 
subduction zone
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Propagating wavefield: 
Long interaction with the slab!

Garth&Rietbrock (2014b)
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Thickness of low velocity layer: 8km
Velocities: 7.2 to 7.5 km/s clear dependence with depth
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Guided waves: A high Resolution Tool to Test 
Slab Structure

Garth&Rietbrock (2014a,b)

Clear dispersion observed

Japanese 
subduction zone
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Hydrated faults have to exist

Garth&Rietbrock (2014a)
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Scattering analysis
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1) LVZ on top of the slab (~200km & 8km width)
2) LV faults deeply penetrating

Garth&Rietbrock (2014a)Japan 130Ma old slab: 17-31% serpentinization è 2.0 – 3.5% H2O
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Northern Chile: “young” slab (45 Ma)

Garth&Rietbrock (2017)
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Northern Chile: “young” slab (43Ma)

Garth&Rietbrock (2017)

PB06 LVC
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Propagating wavefield: 
Long interaction with the slab!

Garth&Rietbrock (2017)
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LVZ & Hydrated faults are needed to model 
waveforms in Northern Chile

Garth&Rietbrock (2017)

PB06 PVC
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Best fitting parameters

Garth&Rietbrock (2017)

• LVL velocity
• LVL thickness
• Fault zone 

spacing
• Fault zone width

Central Andes  45Ma old slab:
5-15% serpentinized
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Consequences

Garth&Rietbrock (2017)Garth&Rietbrock (2014a,b)

Northern Japan (130Ma, 8km width) Northern Chile (45Ma), 2km width

170–318 Tg/M.y 13-42 Tg/M.y
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Bound in hydrated faults in 
the mental (bend faults)
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Conclusions
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1. Crustal low velocity layer: Metastability is needed !
2. Serpentinised faults in the mantel are the main source 

of water input deeper into the mantle
3. Approach also works for Alaska: Coulson et al. 2018


