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Visit Marcel Mizera’s presentation (EGU2020-17399) in this session for microstructural analysis of the Mai’iu fault rocks

Biemiller et al. (submitted)

https://meetingorganizer.copernicus.org/EGU2020/EGU2020-17399.html


Do low-angle normal 
faults slip in large 

earthquakes or creep 
aseismically?

Active low-angle normal 
faults are rare, and 

typically slip < 3 mm/yr

Evidence for seismicity 
(Woodlark, Corinth) up to 

Mw 6.8, and for 
significant aseismic creep 

(Altotiberina)

Altotiberina fault, Italy (2-3 mm/yr extension)

Anderlini et al., 2016

Woodlark Rift,  Papua New Guinea

Abers, 2001

Hreinsdóttir & 
Bennett, 2009

Anderlini
et al., 2016

Here, we use campaign GPS measurements and 
laboratory friction experiments to investigate 

the (a)seismic slip behavior of one of the world’s 
fastest-slipping low-angle normal faults, the 

Mai’iu fault in southeastern Papua New Guinea



• Dips 16-24° at the surface (Little et al., 2019; Mizera et al., 2019)

• Geodetic slip rate up to 1 cm/yr (Wallace et al., 2014)

• Be10 exposure -> slip rate of 11.7 ± 3.5 mm/yr (Webber et al., 2018)

• Main structure exhuming the Dayman-Suckling core complex
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Campaign GPS experiment across the Mai’iu fault • Dense (3-5 km) station spacing in the hanging wall
to resolve any elastic strain accumulation related 
to fault locking

• ≥ 3 years of 2-4 day observations
• Horizontal extension of 8.3±1.2 mm/yr (~8-11 

mm/yr dip-slip) across the Mai’iu fault
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Elastic block modeling
• Joint inversion of local and regional 

GPS velocities for block poles of 
rotation and fault kinematic 
coupling prefers very shallow 
locking (surface to ~2 km depth) 
with creep downdip of this zone
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Modeled with TDEFNODE (McCaffrey, 2013)



2D elastic dislocation modeling
• Simple models of strike-perpendicular velocities help focus on local fault properties & locking of the Mai’iu fault

• Inversions that assume locking from the surface to some depth prefer shallow locking (Model 1)

• But allowing for a locked zone at depth and shallow splay fault creep, Model 2 fits the data similarly well
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Lab and field evidence can help constrain and evaluate these locking models

Biemiller et al. (submitted)

Modeled with equations for 
surface displacements due to 
shear dislocations in an elastic 
half-space from Okada (1985)



• Pseudotachylite -> earthquake slip
• 40Ar/39Ar age of 2.2 Mya -> formed at ~10-12 km depth

Little et al., 2019Mutually cross-cutting 
veins, faults, and folds 

of diffusion-creep 
formed foliations -> 

mixed frictional-
viscous slip in foliated 

cataclasites
+ saponitic

gouges
See Marcel Mizera’s

presentation 
(EGU2020-17399) in 
this session for more 

microstructural results

https://meetingorganizer.copernicus.org/EGU2020/EGU2020-17399.html


Frictional behavior of Mai’iu fault rocks: 
velocity-stepping experiments

Experiments by C. Boulton & A. Niemeijer
Full results in Biemiller et al. (submitted)

14-19F14-19E
50 100 150 200

°C

Velocity-strengthening

Velocity-weakening

a.

Fault Rock Unit Frictional StabilityFriction Coefficient

Saponite gouges 0.11 - 0.28 Velocity-strengthening

Cataclasites with
pseudotachylite veins

Mylonites

Mafic gouges 0.22 - 0.57 Velocity-weakening to
velocity-strengthening

Both velocity-weakening
and velocity-strengthening

0.6 - 0.8

0.44 - 0.80 Both velocity-weakening
and velocity-strengthening

3 frictional stability regimes:
• T < 150 °C, v-strengthening (stable)
• 150 °C < T < 400 °C, v-weakening (unstable)
• T > 400 °C, v-strengthening (stable)



Revisiting the geodetic locking models
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• Friction stability 
transitions (VS-VW-VS) 
at T = ~150 °C and T = 
~400 °C

• Paleoseismic slip at 10-
12 km depth

•Mixed frictional-viscous 
slip in cataclastic units

• Creep from ~15-25 km 
depth

•Mutually cross-
cutting brittle/ductile 
microstructures

• Pseudotachylites

• Planar microseismicity
zone downdip of Mai’iu
fault trace

•Velocity-stepping 
laboratory friction 
experiments

Slip behavior Observation

Geologic, experimental, and seismological evidence
point to stronger locking at depth (~5-16 km), with 
interseismic creep updip and downdip of this zone

(Little et al., 2019)

(Little et al., 2019; Mizera et al., submitted)

(Abers et al., 2016)

(Biemiller et al., submitted)



Conclusions

• Low-angle normal faults are 
not necessarily aseismic
• Horizontal extension of 8.3±

1.2 mm/yr across the Mai’iu
fault (~8-11 mm/yr dip-slip)
• Shallow frictional creep (< 5 

km) updip of more strongly 
locked zone (~5-16 km) 
updip of creeping mylonitic 
shear zone
• Low-angle normal faults 

could generate Mw 7+ 
earthquakes
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