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Heterogeneous coseismic stress state describes off-fault 
fracture orientation in the 2019 Ridgecrest sequence
Enrico Milanese and Camilla Cattania

Outlook

Stress rotation?

left-lateral (LL) failure orientations
fault trace (after [5])

The origins of faults are commonly described by the classical 
Mohr-Coulomb-Anderson theory: when the tectonic regional stress state 
brings the crust to its shear failure, a fault forms at an angle θ from the 
largest principal stress. This angle depends on the internal friction μ of 
the rock, and laboratory experiments show that θ≈30° for most rocks 
(consistent with μ=0.6) . However, faults often present orientations 
inconsistent with the angles predicted by the classical theory applied to 
the regional stress field.

● Effect of μ, depth, regional stress orientation

● Criteria for location of cracks

● Modeling time-dependent stresses and stress 
rotation during mainshock propagation

● Inclusion in sequences of earthquakes modeling
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The Ridgecrest region in 
Southern California is an 
example of mechanically 
unfavorable orientations at 
multiple scales. The 2019 
sequence is characterized 
by a M

w
 6.4 foreshock and a 

M
w

 7.1 mainshock that 
generated slip along two 
orthogonal faults. Off-fault 
secondary fractures also 
formed at unfavorable 
angles coseismically [1]. 
Possible mechanisms are a 
weak crust with μ=0 (θ=45°) 
[2] or bookshelf kinematics 
[3].

Yet the stress state during an earthquake can be different,
can the coseismic stress state be compatible with a 

Mohr-Coulomb failure with μ=0.6 (θ≈30°)?

Ridgecrest 2019 fractures
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Notes and assumptions: regional stress is always with σ
H

 oriented 
N0E; coseismic stress changes are here computed at 300m depth 
(from slip model [5]); σ
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 = σ
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 = 3σ
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 (with σ
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 vertical) [6]

Coseismic rotation (if monotonic) 
of left-lateral shear failure 
includes orientation of high angle 
fractures (below, black fractures)
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θ(μ) = π/4 - tan-1(μ)

⟹ θ(0.6) ≈30°

Surface ruptures [1]
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μ=0.6 (θ≈30°)in the two 
figures below:

Error for fractures 
longer than 100m

fractures most compatible with a LL failure 
fractures most compatible with a RL failure 

coseismic  (μ=0.6)
regional  (μ=0.6)

coseismic  (μ=0.6)
regional  (μ=0)


