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Scope: The effect of heterogeneous lithology on induced 

seismicity
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A scaled experimental approach: Biaxial machine
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1 Sample (forcing blocks + gouge layer)
2 Hydraulic press
3 Force gauge
4 Displacement gauge (LVDT)

5 Loading frame
6 Steel spacers
7 Slide-bearing plates



Horizontal biaxial machine loading frame

LVDT

Hydraulic Press



Biaxial loading

X

Y

Fault: 
Gouge layer Forcing block

Steel spacers

Slide-bearing plates

300 mm

Forcing block

Steel spacers

Experimental conditions
• 5 MPa stress in X
• Vy 0.1 – 100 µm/s
• Room humidity
• Displacement 15 mm



Scaling using the stiffness
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E = 70 GPA, G = 24 MPa

E = 3 GPA, G = 1 MPa𝑳𝒄 = 1.16
1

(1 − 𝑣)

𝑮𝐷𝑐
𝑑𝜏



Variable fault properties: fault gouge

Gypsum
• Unstable stick-slip
• Velocity weakening
• Friction 0.4 – 0.6

Quartz
• Unstable when perturbed
• Velocity neutral
• Friction 0.7 – 0.75 

Kaolinite
• Stable sliding
• Velocity strengthening
• Friction 0.2 – 0.3

Gouge materials Experiments

Tested in small scale experiments



Single lithology: gypsum fault
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Kaolinite – gypsum - kaolinite
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Kao – gyp - Kao

Gypsum only



PMMA  birefringent  photo-elasticity  stress

e.g. curved beam in tension



Photo-elasticity
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80 mm
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Stresses along homogeneous fault vs. Heterogeneous fault
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Stress differences related to heterogeneous lithology dominate over smaller 
heterogeneities in a single gouge itself



FE model nucleation of slip
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Stresses on modeled fault: Elastic loading

KAO KAOGYP

Normal stress

Shear stress



Stresses on modeled fault: Slip on kaolinite segments
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Stresses on modeled fault: Stressing of unstable segment
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Stresses on the fault: Nucleation of slip at patch edge

KAO KAOGYP

Average apparent friction at time of nucleation  0.52 (whereas gypsum friction = 0.6) 

The presence of the stress concentration promotes rupture at a relatively low far-
field loading stress (below static friction of gypsum segment)

Normal stress

Shear stress



Quartz-gypsum-quartz fault

•

•

–

•

•

Qtz-Gyp-Qtz

Kao-Gyp-Kao

gypsum

Average frictional strength dominated by gypsum segment



Acoustic emissions on the quartz-gypsum-quartz fault
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Photo-elasticity quartz – gypsum – quartz fault
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Quartz QuartzGypsum



Nucleation of slip from the unstable segment
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Conclusions / Discussion
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Thank you!!


