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Agenda

• Why are faults important?

• What controls fault strength & stability ?

• Insights from experimental analogues vs. theory

• New results on Longmen Shan fault rocks, Sichuan
(data removed from web version, pending publication)



Importance
Faults are loci of deformation at all scales

��������	
������	��
���

�����
 ������

���������������	�



Importance
Big faults produce big earthquakes

Great Wenchuan Earthquake,  China

May 12, 2008 (M7.9)

(Courtesy China Earthquake Admin, Beijing)
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Importance
CO2 storage and sealing capacity of faults 

Can CO2 injection into depleted reservoirs cause

fault reactivation, leaks or minor seismicity ???



Fault slip is locaIized in 
narrow zones

Chester et al, Nature 2005

Granular nano-gouge



1) What stresses are needed for fault reactivation?

Coulomb or Byerlee criteria

Key Questions
for modelling fault reactivation & dynamics
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2) Will motion be stable or unstable (seismogenic)?
Velocity strengthening or weakening ??????
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Rate and state 
dependent friction law

(RSF Law)



Shear strength tttt

Depth Brittle/frictional
(Byerlee)

mmmm»»»» 0.75

Dislocation 
creep of 
quartz

10-20   
km

?

Conventional strength profile
Major Crustal faults

What is the

-rate dependent frictional 

and 

-healing behaviour

…of faults at mid 
crustal depths?

...for realistic fault rocks, 
processes and shear strains ?



Rock analogue experiments

Analogue gouge to simulate B-D transition

• Rotary shear tests ( gggg < 150)

• Halite (105 mmmmm)

+ Muscovite (13 mmmmm)

• Gouge 1-2 mm thick

• Sat. brine (drained)

• ssssn = 1- 5 MPa

• V = 0.001-13 mmmmm/s

10 cm diameter



Effect of sliding velocity

High
Velocity
regime

Low Velocity
regime

Niemeijer & Spiers (2005)

Steady state data



Low velocity regime
Deformation mechanism:

Slip on mica foliation + 
pressure solution

of intervening clasts (NaCl)

200 mmmmm

gggg»»»» 120
Model: Niemeijer & Spiers 

(2005)



High Velocity Regime

• Little foliation / localization

• Chaotic

• Dilatation

• Cataclastic/Granular flow
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Model: Niemeijer & Spiers (2007)



Microphysical Model

Low Velocity Regime

40
 mm mm
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Lab  
mylonite

Natural 
mylonite



Low velocity model vs. experiments

20 wt % muscovitegrain size  ~25 mm



Microphysical Model

High Velocity Regime• GB slip ®®®® dilatation

• P-solution ®®®® compaction

• Competition 
®®®® steady state porosity ffff ss

• SS porosity ffff ss ®®®® yyyy ss ®®®®
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High velocity model vs. experiments
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20 wt% muscovite H=0.5 H=1 H=1.7

d = 25 m
m= 0.3

Effective normal stress = 5 MPa



Predicted friction coefficient
for quartz + 20% clay/mica fault rock
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Byerlee's law

Byerlee's law with m=0.31
Pure clays/phyllosilicates

High velocity model
(dilatation vs. compaction)

Low velocity model
frictional-viscous flow

sn= 100 MPa effective



Predicted Strength Profile

Niemeijer & Spiers (2005)

Low V (V-strengthening) regime,  Qtz + 20% clay/mica fault rock



Hydrothermal Rotary Shear Machine
HPT Lab Utrecht

Specifications

• ssssn effective ££££ 300 MPa

• Pf ££££ 300 MPa (H20 P-medium)

• T ££££ 700 °C (int. heated)

• V ==== 1 nm/s – 1 mm/s….

• Gouge thickness 0.5 – 1 mm

• Shear strain gggg »»»» 90 per rev

• Shear ring dia. ==== 25 mm

In progress:
• Muscovite +/- quartz
• Talc + quartz
• Talc + serpentinite



Longmen Shan Fault Zone
Sichuan, China

Niu et al. (2005)



Longmen Shan Fault Zone
Sichuan, China

Xu et al. (2009)



Xu et al. (2009)

Longmen Shan Fault Zone
Sichuan, China



Conclusions

•Pressure solution + cataclasis + clay/mica foliation  
likely to play a major role in crustal fault rheolog y

• Experiments and models now providing physical basis  
for RSF dependent friction models

• First results on Longmen Shan fault zone rocks:      
-illite fault gouge weaker than protolith
-limestones may enhance rupture propagation

• Much exciting work to do on developing constitutive  
equations for faults 


