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1. Introduction
Besides the overall wedge taper itself, the most prominent feature 
of accretionary wedges and fold-and-thrust belts is the series of 
imbricate thrust faults.  The widths of the blocks of material 
between the thrusts re�ects upon mechanical properties of the 
accreting sediment.  We use numerical models and analytical 
stress solutions to illuminate the basic mechanics controlling 
thrust block width, and to de�ne relationships to the thickness H 
of the sediments entering the wedge, brittle frictional strength of 
the sediment (φ,µ) and along the decollement (φb,µb), pore-�uid 
pressure ratio, λ, and dip β of the basal decollement. 

The numerical code is SiStER uses �nite-di�erences & the mark-
er-in-cell method for simulating visco-elasto-plastic deformation in 
2D.  The Mohr-Coloumb criterion leads to bands of focused shear, 
resembling faults. Compaction/dewatering are not simulated. 

2. Numerical model

3. Forming the wedge and evolution of thrust block width

4. Stress �eld and forming a new thrust in the incoming 
      sediment layer 

11. Block width decreases with increasing 
     basal dip, β

9. Block width increases weakly with λ (ratio of 
     pore-�uid pressure to lithostatic pressure)

6. Block width increases with sediment friction 
(φ) 

7. Width decreases with increasing basal 
     friction (φb) 

Nankai
[Moore et al. 1990, 2011]

Cascadia
[Adam et al. 2004, 
Booth-Rea et al. 2008]

New Zealand

Hikurangi
[Ghisetti et al. 2016]

Sandbox experiment by Saha et al. [2014]

Width w decreases in proportion to the mean 
horizontal strain ∆ε experienced by a wedge 
with a critcal Coulomb taper α
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 Thrust blocks form sequentially at the toe of the wedge.  Width is greatest initially (w0) and then decreases with time.

Stress (σII) from numerical model builds 
in the sediment forward of the wedge 
until a new frontal thrust forms.
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Analytical solutions show elastic stress (σII) 
building with time as in numerical model.  
R = ratio of stress to brittle strength.  
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5. Block width is proportional to thickness H 
     of incoming sediment

Sediment thickness H (km)
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Models of di�erent sediment thicknesses 
show direct proportionality between  initial 
block width w0 and H. 

E�ective basal friction, (1-λ)µb 
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submarine wedges & variable 
pore-fluid pressure ratio, λ

subaerial  wedges
and variable basal dip, βφ=40.36o
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8. Scaling law for normalized thrust block width 
w0/H, is based on analytical solution for normal-
ized force balance distance L/H.

Colors distinguish model 
results for di�erent 
sediment friction angles (φ) 

Curves: scaling law w/ �tting parameters:  
P1=1.9, P2=0.64, P3=0.15, P4=4.5
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Stress (σII ) from analytical 
solutions span distance LNumerical model stress (σII)

Pore pressure weakens the sediment and its base, but the e�ect on the base
is more important.  A weaker basal shear stress, requires a greater distance 
L needed to balance force of active thrust.  w0/H increases accordingly.

Numerical model stress (σII)

The width of imbricate thrust blocks increase with sediment thickness H, friction µ & cohesion 
C0, and pore-�uid pressure ratio λ, and decrease with basal friction µb and dip  β, due to their 
in�uence on the distance forward of the wedge where stress is substantially perturbed by 
subduction.  This distance L is that needed for the net force due to basal shear to balance the 
opposing force of the active frontal thrust.  Our scaling law can be combined with critical 
Coulomb wedge theory to estimate the strength parameters ( µ,  µb and λ) of sediments at the 
front of accretionary wedges. 

Basal dip β adds leftward force & thus reduces amount of basal 
shear needed to balance the rightward force of the active thrust. L 
and w0/H increases according.  β essentially con�nes the distance 
of excess stress & hence the new thrust closer to the wedge.  
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Models w/ di�erent 
sediment frictions 
(φ) (& basal frictions 
to preserve taper), 
show w0 increasing 
w/ increasing φ.  

Stress (σII ) from analytical 
solutions span distance L

Numerical model stress (σII)

Below: Greater φ 
increases strength 

& force of thrust, 
thus requiring 

greater distance L 
of basal shear for 

force balance.   “Force balance distance” L increases with  with fault topography (∆H). L is the 
distance forward of the wedge over which the net leftward force due to basal shear 
balances the net rightward force from the active frontal thrust. L is also the distance 
where stress is substantially perturbed and thus within which the new thrust forms. 

Initial block width, w0 (& w0/H) increases with L.  
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Normalized 
width w0/H 

increases 
with L.   

 Yamada et al. ‘s  
(2006)

sandbox 
models

Above: Models w/ di�erent basal frictions (φb) show w0 decreasing modestly 
with increasing φb (compare double arrows marking w0 for di�erent models). 

Stress (σII ) from analytical 
solutions span distance L

Numerical model stress (σII)
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Greater φb requires 
greater distance L of 

basal shear to balance 
force of active thrust 

fault. Normalized 
width w0/H increases 

with L.     

Makran
[Smith et al. 2012]
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Seismic re�ection pro�les are used to measure width w0, 
sediment thickness H, α and β at the front of four submarine 
accretionary wedges.    
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Above:  w0 correlates with H, 
supporting our results and 
rea�rming those of prior 
studies.

Right: Observed of  w0/H  & β 
used with our scaling laws,  
and observed α & β used 
with critical Coulomb wedge 
theory are combined to 
produce solutions for 
sediment and basal frictions 
(µ & µb), assuming λ=0.75 
(Tobin & Sa�er 2009).  Results 
for Nankai (green), Cascadia 
(blue) & Hikurangi (red) 
compare favorably with 
estimates based on geome-
chanical experiments on 
sediment entering these 
subduction zones (gray 
rectangles).    
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Outlier near subduct-
ing volcanic ridge. 

Outlier near shallow
decollement. 

11. Conclusions

12. Scaling combined with critical 
Coulomb wedge theory to esti-
mate sediment strength at front of 
four example submarine prisms

Below: Black contours produced from Coulomb wedge 
theory, red contours from our scaling law for w0/H    
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Open symbols are model 
results for di�erent  basal 

dips (β) as labeled 
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