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Why true-3D Trishear?

2D, pseudo 3D 

• Dip-slip fault

True 3D 

• Oblique slip fault

• Strike slip fault

Chequalin Fault

Chou, 2008 Faultfold

(Allmendinger, 1998) 

a series of parallel 
2-D cross sections

Trishear3D 
(Cardozo,  2008) 



What is Trishear? (Erslev,1991)

4 (Pei., et al. 2014, Hardy and Ford, 1997)

Key parameters:

• Ramp (Fault dip)

• Location of Fault tip

• Fault Slip (S)

Chester & Chester(1990)

• Propagation (P)

• P/S ratio

• apical / trishear angle

❖kinematics of Fault Propagation Fold 

(Thin skin Theory)

❖Numerical and physical models

❖Analyze Geometry of structures/ 

strata

❖Predict strain and fracture distribution

▪ Velocity field within Trishear

▪ Mechanics theory

formed above the tips of 

upward propagating faults



Basic assumptions
2D/ pseudo 3D

Hanging wall

Footwall

Chester & Chester (1990)

Waltham and Hardy (1995), 

Mase and Mase (1992)

Zehnder and Allmendinger (2000)

• Area-conserving velocity fields

• Flow incompressibility

• Fixed footwall

Divergence



Basic assumptions
True 3D

• Volume-conserving velocity 

fields

• Flow incompressibility

• Fixed footwall

• 2 right-handed coordinate 

system

• Fixed Fault angle along strike

• Permit change: Trishear

angle, slip along strike

• Arbitrarily choose hanging 

wall: Vertical fault Cristallini, et al (2004)

(Eq1) 



Map view

Tetrahedrons stand for each point
Strain ellipsoid defined by 
tetrahedron : 

More efficient calculation than 
displacing an array of points defining 
an initial sphere

homogeneous deformation

Each tetrahedron is moved by 
3D trishear velocity  field (Eq1) 

4 points movement



Strain analysis (predict 

fractures) Visualization 

stereonet plot 

Orientation ; lengths of principal strain axes

Maximum Strain axes

Minimum Strain axes

Internal friction angle: 30° 

Simple: Mohr-Coulomb failure criterion
Complex: 3D fractures, shear and tensile fractures 



• Strike-slip analogue experiments 

(Naylor  et  al., 1986) 

Helicoidal shape
-Not clear why

Need Single basement fault

apical line 
=upper termination of 
the main fault 

• Trishear model (Cristallini et al., 
2014)

Cristallini, et al (2004)



Burbank & Anderson, 2012



Burbank & Anderson, 2012

Extensional 
fractures 

Riedel 
fractures 

σ1

σ1
σ3

σ3



Horsetail structures

Trishear zone

Horsetail structures

Similar pattern of strike slip cracks

Extensional fractures 

Riedel 
fractures 

R1

σ3

R2

Mohr- Coulomb 

failure criterion

Rake ≠  90°
Fault angle =  90°

Right lateral strike-

slip fault

internal friction angle: 

30°

Testing different slip along fault strike



maximum and minimum axes (S1 and S3) will rotate near 
the horizontal plane. This rotation is faster near the west 
and east fault terminations than in the middle of the 
model. Likewise, the orientations of the Riedel fractures 
(R1 and R2) are almost constant in the middle of the 
model but change very abruptly in both extremes. 

EW

Rotation of Riedel Shear and 

shear strainCounterclock

-wise

Counterclock

-wise

Detailed deformation 
feature/information

Scan line

Testing different slip along fault strike



trishear angle: 10°

trishear angle: 80° 

Trishear-Angle
(apical) Variation

vertical, 
strike-slip fault

Extensional 
fractures 

Riedel 
fractures 

S1/S3

Deformed Density

Ex: Sedimentary facies change
→ different lateral thickness
→ Different Trishear angles along 
fault strike

Reasonable 
cracks 

prediction



Helicoidal 
shape

Concave 
upward

crack developed from
principal displacement
zone (PDZ) fits the
flower structures

(Naylor et al., 1986)

Simulate flower structure

Time



Natural Example 2: 
negative  flower 

structures

Andaman Sea

• Principal wrench  fault:  north, 
northwest–striking

• Rake: 10°
• Trishear angles: 60° (north), 

80° (south).
• P/S  ratio: 2 ~ 0.5  (north to 

south)
Well matched



Natural Example 3: 
positive flower  

structures Confidence Hills, 
California, 

United States

perfectly fit

• 2 overlapping dextral strike-
slip fault systems: 
northwest-striking

• Rake: 45°
• Trishear angle: 30° and 60°
• 1 of main faults are remnant 

Riedel shears

remnant Riedel shears



Analogue Experiment –

Reactive Fault Dip 90°

Brittle faulting : pure sand layer

P/S=2

Ductile  behavior: thick sand 

layer overlying thin silicone 

layer

P/S=1

Ductile  behavior: sand layer  

overlying thick silicone layer

P/S=0.3

•

Riedel fractures 
strike 10
clockwise
the basement fault 

(1) Pure dip-slip displacement

(2) Pure right-lateral motion (reactivation)

Time consuming 



fits well? 

Fault Dip 90°



• Shortcoming:
• True 3D is less versatile than pesupo-3D for dip slip 

(Cristallini and Allmendinger, 2001) 
• Time consuming for inverse method for 3D
• Cardozo (2004): mathematical inconsistencies that result in 

considerable volume changes in dip-slip faults.



1.High slip gradients
2.Dip slip



pseudo-3D

true-3D

true-3D



1. Useful for analyzing  oblique-slip/strike-slip  systems:
• Changing slip,  P/S  ratio,  and  trishear apical angle
• allowed any obliquity of displacement
• derived any point strain ellipsoid
• Predict orientation of shear and extensional fractures.

2. A basic analysis of 3D trishear simulated helicoidal fractures in strike-
slip–related structures.

3. More complex configurations with oblique slip and variations along 
strike can explain a wide range of minor structures.

4. Successful examples:
• Natural strike-slip systems: positive and negative flower structure
• Analogue models of fault reactivation in strike-slip mode

Caution to use in dip slip!

CONCLUSIONS



•Thank you very much!
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