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Long-studied problemz

PROTO THRUST ZONE
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Evolution of stress state

Accreted
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Nikolinakou et al, 2023

A Hanging wall: change in loading from vertical burial to lateral compression
e.g., Hubbert 8Rubey(1959), Davis et al (1983), Karig (1986)
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Long-standing question

How does the change in mechanical loading and stress state affect
porosity, overpressures, and decollement strength?
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Very limited data from direct measurements
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Long-standing question studied using a) seismic/geophysical data

Porosity
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Han et al., 2017

A Low velocity zones interpreted
reflect high pore pressure In
basal sediments below the
décollement
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Long-standing question studied using b) field measurements

Depth below sea level (km)
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A Accretionary prism sediments are more
compacted despite the presence of
overpressures

A Contrast in physical properties between
hanging wall and footwall sediments
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Long-standing question studied using ¢) numerical models
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A Decades of numerical simulations addressing large deformations, change in stress stat
fluid flow
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Our geomechanicatudy

Nikolinakou, Flemings, Gao, Saffer;
e JGR 2023

A Realistic sediment rheology that capturespbe-plastic behavior of marine sediments
A Contribution of both mean and shear stress to compaction and overpressure genera
A Largestrain evolutionargeomechanicahodels

A Fully coupled (transient) deformation and porous fluid flow
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Evolutionarygeomechanicahodel
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Evolutionarygeomechanicahodel &6\
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Strain evolution
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Overpressure

Overpressure [MPa]
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A Rapid increase of overpressure at trench
A Overpressure develops seaward of trench, despite constant overburden (flat sea floor)

A Near trench, pressure at hanging wall is much higher than in footwall
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Overpressure ratio at trench
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Mean stress increase in hanging wall \

2
Total mean stress (0 ) o, (MPa) S > 8
_ 4 o
= 50 85 120 | | ' |
o)
E g Trench
N
£ |[E== 7 O
e O: B
10 e g ™
12 2 wf
40 30 20 10 0 -10 -20 ‘c;u
Distance from trench (km) =
10
Lateral tectonic loading increases mean stress in hanging

0 10 20 30 40 50
Significant mearstress increase in the trench area Meat effective:stress, o (VPa)

Fluids in Cascadia Workshoe@\pril 24, 2025 15



Meanstress induced overpressures \
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A Increase in mean stress leads to an increase in overpressure as sediment enters the we

A Overpressure increase ahead of the trench
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Differential stress in hanging wall \
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A Deviatoric stress increases faster than the mean effective stress
A Coulomb failure inside wedge
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Undrained pore pressure response to mean stress increase
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Experimental measurement on offshoredrocks
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Undrained pore pressure response to mean and deviatoric stress increase
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Shearstressinduced overpressures
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Components of overpressure generation

AUsing conservati on ofporbé¢lastopthsticita s s , Dar cy

Pressure _I\/Iean .Shea{ Ergssu_re
induced induced dissipation
Oo u $A v 0N p 1 g M QIrl ” Nikolinakou, Flemings,
’O (\) nY $ O !\Y!O b !‘Y ‘ Gao, Saffer; JGR 2023

A Porepressure coefficients-, — depend on constitutive model. They are function of:

a) material parameters (friction angle and compressibility);

b) the preloading state (porosity, shesiress ratio).
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Summary: change in stress state and overpressures

A Evolution in stress state results in overpressures that onset seaward of the trench and il

rapidly in the trench area
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Implications: overpressure dissipation
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Implications: compression
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A Hangingwall sediments are more compressed than footwall ones despite overpressure
of tectonic loading and dissipation
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Implications for decollement strength
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Broader Implications for slip behavior
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Broader Implications for earthquake behavior
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How do stresses change when faults develop?
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Evolutionarygeomechanicahodels with spontaneous fault generation
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Principal stress ratio (¢'./c'", )
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A Stressheterogeneityn theupperplate

A Persistenpresencef high differential stressesiearthetoe Y potentiallyhigheroverpressure
attheleadingedgeof thewedge
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Key points

A Both mean and shear stress contribute to pressure

Overpressure, u_(MPa)
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Incorporation of critical state soil mechanics
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A All three evolve as sediment enters the we

A Stress state in footwall remains ~ uniaxial

34
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Incorporation of critical state soil mechanics

S, q

Deviatoric stres
¥ 4
4
>
=)
Q
—
)
/
-

' Mean effective stress, o’

Y3 VY

¢ F
g Y A Mean stress, differential stress, and porosity are
; (% interrelated
Flemings (2021); A Changes in both mean and differential stress car

n, Cambridge Press
N sop cause compaction, or, in the case of limited

"Un/ér)c()plc .
n, s K drainage, excess pore pressure (overpressure)

Icg/ tal‘e

Fluids in Cascadia Workshoe@\pril 24, 2025 35



Importance of préoading stress state for pressure generation

Pore-pressure coefficients, € _/S, E/S
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Importance of préoading stress state for pressure generation
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Importance of stress path for pressure generation

Pore-pressure coefficients, € _/S, E/S
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Importance of préoading stress state for pressure generation

Pore-pressure coefficients, € _/S, E/S
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Overpressure and stress profiles at trench
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A Focused dewatering at trench

A Increase in horizontal effective stress and differential stress

A Porosity loss
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Porous fluids and overpressure

GV
v il

=

A ;\\\\\\\\\ ~
IR

vv v¥vd
PSPPI IS

Py

Flemings 2021

I
u
o, (D%

AOverpressures develop if pore fluid cannot flow out of compressed volume

AExternal compression load tends to decrease volume

AOverpressure dissipation depends on permeability and compressibility of mud rocks
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Overpressure and compaction

ATotal stress = effective stress + pore pressure
AOverpressure decreases the effective stress and inhibits compaction

ASources of overpressure: rapid deposition, tectonic or geologic loading
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