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Nucleation of earthquakes

Two models :

Slow cascade Preslip triggering

Ellsworth & Beroza, 1995; Dodge et al., 1996



Most large interplate earthquakes
have a long precursory phase...

6 month stack
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Mw8.1 2014 Iquique earthquake (North Chile)
was preceded an intense foreshock activity
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Increased background seismicity 15 days
before Iquique Earthquak
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... and strong 15-day deformation transient
visible in cGPS time series
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Mwa8.1 2014 Iquique earthquake was
preceeded by intense foreshock activity

Most of the studies focused

on the 15-days preceding the mainshock
(after largest foreshock Mw6.7, March 16,

Largest foreshock Mw6.7

Very little is known about a potential long-term precursor...

- Combination of geodesy & seismology
at the monthly, yearly, decadal timescales
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At the timescale of a few months, years...

! 4-year cGPS time series in Iquique (IQQE)
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4-year cGPS time series in Iquique (IQQE)

- detrended
— Large signal after Mw 6.7 foreshock
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4-year cGPS time series in Iquique (IQQE)
- detrended
— Large signal after Mw 6.7 foreshock

- Vari4ations in trend 8-months before mainshock
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Velocity change in coastal cGPS time series

Detrended cGPS positions and velocities
(trench-perpendicular component)
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An 8-month preselsmlc sIow slip event...
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An 8-month preseismic slow slip event...
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What signature in foreshock Frequency content?

Spectral ratios of interface
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What signature in foreshock Frequency content?

Using Ground Motion Prediction Equations
(GMPE’s) as a Backbone

Scheme of residuals
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What signature in foreshock Frequency content?
Residuals wrt GMPE (Ground Motion Prediction Equations )

Socquet et al., GRL 2017
Pifna Valdes et al., BSSA 2018
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Tentative interpretation

INTERSEISMIC

Frictiona
asperity
Seismic rupture

Slow aseismic slip

Socquet et al., GRL 2017



Te ntative inte rp reta-[_-ion 8-mo/nth PRE-SEISMIC

Seismic ruptures start to propagate into —a
metastable areas surrounding asperities 3%
o < f
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Slow aseismic slip Fluids ?

Socquet et al., GRL 2017



8-month PRE-SEISMIC

Tentative interpretation
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But what is the mechanism that drives this slow
slip acceleration?



Intriguing observation:

Synchronized deep and shallow seismicity
suggests a slab plunge before Iquique quake
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Any long-term interactions between deep and shallow seismicity?
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Is there any interaction between slab-pull and
interface earthquakes (Tarapaca and lquique)?

Jara et al., GRL 2017



Seismic cycle seen in 15-year position time series of UAPE GPS station

Tarapaca |
Arequipa Slab-pyl| _Tecorila quique
Earthquake P Earthquake Ea rthquake
Earthquake 19°S
400 : .
1 1
300 1 1 = 4
|} I
200 : ; v 20°S
. v
- 100} ! !
£ 1 I
E o0 ' :
w 1 i 21°S
© -100 : : v PBO2
1 1
=200+ : :
~300| ; : B PPES
1 ]
_400 1 I 1 1 L 1
2000 2002 2004 2006 2008 2010 2012 2014
23°S
Mainshock
Mw 6.7 16/03
Interseismic
Pre-seismic 1
Pre-seismic 2

Jara et al., GRL 2017



Seismic cycle seen in 15-year position time series of UAPE GPS station
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Seismic cycle seen in 15-year position time series of GPS stations
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Cumulative Number of Events
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Shallow Seismicity increases after Tarapaca Earthquake

interface earthquake
- Affects most stations in the area
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Synchronization of deep and shallow earthquakes
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Evolution of background seismicity rate over 25 years
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- Seismicity evolves by bursts
- Synchronous deep and shallow bursts
- 2014 megathrust is:
- preceded by enhanced background
seismic activity (deep and shallow)
- followed by a period of
quiescence (clamping? )
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GEODETIC SLIP

631 interseismic coupling

2mm, prel Smm-contours
e 5mm, pre2 5cm-contours

Main shock 1m-contours
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In summary....

9 years before 2014 Iquique earthquake,

2005 slab pull earthquake triggers:

* Decrease of eastward GPS velocities
* Increase of deep & shallow seismicity rate

.| 2 Decoupling of interface

- In response to slab tearing?

8 months before 2014 Iquique earthquake:

.|* Decrease of coastal velocities

Increase of seismicity

|+ Decrease of b-value (Schurr et al.)

* Decrease of high frequency radiations
- Mw6.5 slow slip, 80% aseismic
change in earthquakes source (smoother)

15 days before Iquique EQ (after Mw6.7 foreshock)

* Abruptincrease of seismic activity
e Strong deformation signal
- Mw7.0 slow slip, 35% aseismic



