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…so what is happening in North Chile? 

Båth's Law: 
 
Usually the difference between the magnitudes of the mainshock and the largest 
aftershock is around 1.1-1.2 units 
 
mainshock of 6.7 è largest aftershock should be around 5.5 (not 6.2!) 

…but aftershock sequences typically follow some rules: 

Omori's Law: 
 
Aftershock rate decreases quickly, proportionally to the inverse of time 
 
 
 
But on the 23/03 (one week after) è +50 quakes M>2 in the area 

9.6 Aftershocks and Fault Area 

MQ does not saturate. Generally, determi-
nation of MQ is much more complicated 
than magnitude measurement, although 
modern seismic analyses are routinely pro-
viding MQ for all global events larger than 
M^ = 5.0. The largest earthquake recorded 
this century was the 1960 Chilean earth-
quake, with M^ = 9.5. Table 1.6 lists M, 
and M^ values for large events this cen-
tury. 

9.6 Aftershocks and Fault Area 

In our discussion of earthquake rupture 
and stick-slip mechanics, we defined the 
sudden release of seismic energy in terms 
of a single seismic event. However, nearly 
all large earthquakes are followed by a 
sequence of smaller earthquakes, known 
as aftershocks, which are apparently re-
lated to the fault plane that slipped during 
the event. The large earthquake, known as 
the mainshock, introduces a major stress 
adjustment to a complex system by its sud-
den slip. Regions within the rupture zone, 
or adjacent to it, may require readjustment 
to the new stress state in the source vol-
ume, thus generating aftershocks. After-
shocks typically begin immediately after a 

mainshock and are distributed throughout 
the source volume. For a typical M^ = 7.0 
earthquake thousands of small aftershocks 
may occur. In general, the largest after-
shock is usually more than a magni-
tude unit smaller than the mainshock 
(aftershocks can still be quite dangerous 
due to the damage to structures caused by 
the mainshock). The total seismic moment 
release of an aftershock series rarely ex-
ceeds 10% of the moment of the main-
shock. 

Typically, the frequency of occurrence 
of aftershocks decays rapidly. Omori stud-
ied aftershocks in Japan in the 1930s and 
developed an empirical formula for the 
aftershock activity (Omori's law) 

(9.46) 
(K^ty 

where n is the frequency of aftershocks at 
time t after the mainshock. K, C, and P 
are constants that depend on the size of 
the earthquake, and the P value is usually 
close to 1.0-1.4. Figure 9.22 shows the 
time history of the aftershocks of the 1974 
Friuli, Italy, earthquake. 

The distribution of aftershocks is often 
used to infer the fault area. For most 

September October 

FIGURE 9.22 The number of aftershocks as a function of time for the Friuli. Italy, earth-
quake of May 6. 1976. The aftershocks decay according to Omori's law until early Septem-
ber, when a second event occurred. (From Cagnetti and Pasquale, Bull. Seismol. Soc. Am. 
69. 1797 -1818 , 1979. Reprinted with permission.) 
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…first let’s clarify two concepts: 
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What is a ‘seismic gap’ ? 

The seismic gap hypothesis implies that earthquake hazard is 
small immediately following a large earthquake and increases 
with time thereafter on a certain fault or plate boundaries


Ø Earthquakes occur periodically or quasi-periodically 

Ø A fault that has broken recently is “safe” 

Ø A fault that has not broken for a period of time represents a “gap” 
that can break soon 
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Figure 10.2 Simple models of recurring earthquakes parameterized by a threshold stress level σ2 (related
to the static friction on the fault) and a post earthquake stress level σ1 (related to the dynamic friction on the
fault).This diagram is based on Shimazaki and Nakata (1980).

amount of slip on the current event is proportional to the time since the last event
(Fig. 10.2). Finally, both µs and µd might randomly vary between events, in which
case neither the time nor the amount of slip is predictable.

A fundamental assumption in this type of model is that individual fault segments
can be treated in isolation and a characteristic earthquakewill occur at fairly regular
intervals. In this case, long-term earthquake prediction might be feasible, although
the exact time and date of future events would remain unknown. Unfortunately the
real Earth is typically much more complicated than these simple models.Ahumbling
example of this is provided by a sequence of earthquakes on the San Andreas Fault
at Parkfield, California, where mb > 5.5 events occurred in 1857, 1881, 1901,
1922, 1934, and 1966 (Fig. 10.3). The waveforms from many of these events are
almost identical, suggesting that the same segment of fault ruptured each time.
This pattern led the National Earthquake Prediction Evaluation Council (NEPEC)
to “predict’’ in 1984 that a mb ∼ 6 event would occur before 1993 (the anomalous
time of the 1934 quake was explained as a premature triggering of an expected
1944 quake). But the expected earthquake did not occur until 2004. What went
wrong?

Some researchers have questioned whether the earliest events in the sequence
plotted in Figure 10.3 truly were at Parkfield because they were before the instru-

Stress	
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  must	
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permanent aseismic creeping areas where seismic hazard is
low, or fully locked zones where seismic hazard is high.
[5] The Chilean subduction zone is an ideal natural labo-

ratory to quantify the spatial variations of interseismic
coupling, because of its fast convergence rates, its relatively
simple structure (e.g. no slip partitioning in its central part
[Hoffmann-Rothe et al., 2006]), and dense GPS monitoring
since the 1990s. To study these spatial variations, we use a
kinematic approach in which we invert all available GPS
data depicting interseismic deformation in central Chile
(between 38°Sand 24°S) [Klotz et al., 2001; Khazaradze

and Klotz, 2003; Brooks et al., 2003; Ruegg et al., 2009;
Vigny et al., 2009]. In north-central Chile, we use an
updated solution from Vigny et al. [2009] that includes
additional measurements in 2007 and 2008 on an otherwise
extended network (see Text S1 of the auxiliary material).1

This study allows us (1) to inspect the correlation between
interseismic coupling and seismic ruptures along the Chilean
subduction zone, (2) to assess the coupling distribution on the

Figure 1. Seismotectonic background of the NAZCA-SOAM convergence zone and main geological
features. Topography and bathymetry are from ETOPO1. The possible fronts of the sub-Andean fold
and thrust belt are marked with black dashed lines. White lines: contours of bathymetric features of the
Nazca subducting plate. IqR: Iquique ridge, Co R: Copiapo Ridge, CFZ: Challenger fracture zone, JFR:
Juan Fernandez ridge, MFZ: Mocha Fracture Zone. Black dashed lines: isochrons of Nazca plate ocean
floor extracted from [Muller et al., 1997]. The bold red arrow represents the convergence of NAZCA plate
with respect to SOAM plate. Red contoured ellipses: maximal rupture zones of the M>7.5 historical
(dashed) and instrumental (solid) earthquakes since 1830 (from Servicio Sismologico Nacional catalog
(http://ssn.dgf.uchile.cl/) [Beck et al., 1998; Comte and Pardo, 1991; Biggs and Robinson, 2009] see also
http://earthquake.usgs.gov/research/data/centennial.php). Green ellipse: rupture zone of the 2010 Maule
earthquake. Green star: relocated hypocenter for the Maule event [Vigny et al., 2011]. Red circles:
Mw>6 events since 1976 (http://www.globalcmt.org/CMTsearch.html). Peninsulas and coastal features
are named on the grey rectangles.

1Auxiliary materials are available in the HTML. doi:10.1029/
2011JB008736.
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Ward [1990] as far as 400 km downdip. Because we study
only the seismogenic portion of the interface, for our cal-
culations we use the geodetic estimates of the moment.
Lorenzo-Martin et al. [2006] found, from GPS measure-
ments, that cG = 0.96 for Ac = 110!109m2 and an assumed
subduction velocity of 69 mm/yr, yielding _PG = 7.3 F.
[65] The only known preceding earthquake of size similar

to the 1960 event was one that occurred in 1575 [Cisternas
et al., 2005]. Using that 385 yr recurrence time yields _PS =
6.2 F, for a cS = 0.8. If we include in that period the 1837
earthquake, estimated to have been about half the size of
1960 [Abe, 1979], we get _PS = 9.3F, larger than _PG (this is an
overestimate because a goodly portion of the 1837 earth-
quake occurred in the Central Chile segment). The tsunami
record of this region indicates great tsunami-generating
events every 285 years on average [Cisternas et al., 2005].
This consists of the less frequent 1960-type events that rup-
ture the entire 850 km length of this segment and smaller
earthquakes like that of 1837 that rupture portions of it.
[66] Northern Chile: This region, from 18 to 23"S, is a

450 km long seismic gap that last ruptured in the Iquique
earthquake of 1877, with a magnitude estimated at Mw
8.8–9.0 [Abe, 1979; Bejar-Pizarro et al., 2010; Comte and
Pardo, 1991; Kausel and Campos, 1992]. Chlieh et al.
[2004] studied this area with GPS and INSAR and

concluded it was fully coupled on a 20" dipping surface
down to 35 km depth, below which the coupling linearly
tapered to zero at 55 km. By the same reasoning as discussed
in the Cascadia case, we take the fully locked region to be
the seismogenic area. This boundary seems to have been
defined by the Mw 7.7 Tocopilla earthquake of 2007, in
which its region of maximum slip was concentrated around
35 km, with some slip, possibly post-seismic, extending to 50
km depth [Bejar-Pizarro et al., 2010]. Hence with this
assumption cG = 1 and with vp = 79 mm/yr on a 102 ! 450
km surface, _PG = 3.6 F. Vargas et al. [2005] identified sec-
tor-rupturing earthquakes prior to 1877 in 1768, 1543, and
1430, which indicate an average T of 149 years [Comte and
Pardo, 1991; Nishenko, 1985]. Assuming Mw 8.8 for these
earthquakes and this value of T yields _PS = 3.4 F and cS =
0.94.

3.16. Central and Southern Peru
[67] The earthquake history and coupling of this region are

shown in Figure 5 (modified after Dorbath et al. [1990]).
The coupling of the northern two-thirds of this region was
determined by Perfettini et al. [2010]. They found three
zones of high coupling, shown in Figure 5. A narrow zone of
low coupling separates the northern two. The southern two
are separated by a much wider zone of low coupling that

Figure 4. The earthquake history and coupling of Chile. See text for sources of coupling data.
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What is a megathrust earthquake? 

Largest and most destructive earthquakes on Earth 

Occur at subduction zones 

Can reach magnitudes above 9  

Earthquake	
   Magnitude	
   Fatali2es	
   Rupture	
  
Length	
  

Slip	
   Tsunami	
  
Height	
  

Sumatra	
  2004	
   9.1	
   227898	
   1000	
  km	
   30	
  m	
   15	
  m	
  

Chile	
  2010	
   8.8	
   525	
   500	
  km	
   16	
  m	
   10	
  m	
  

Japan	
  2011	
   9.0	
   18517	
   500	
  km	
   50	
  m	
   37	
  m	
  



What will be the next megathrust earthquake? 

Cascadia	
  Subduc2on	
  Zone	
   392 M. Béjar-Pizarro et al.

Figure 1. Reference map of our study area in northern Chile (delimited by a black box in the inset map). Rupture areas of historic and recent earthquakes
are shown with their dates and magnitudes. Approximate ruptures areas of the two largest historic earthquakes in the region (the 1868 South Peru and the
1877 Iquique earthquakes) are represented as semi-transparent grey ellipses. Colour filled areas represent rupture areas of large instrumental shallow interplate
thrust earthquakes. For those earthquakes with known distributed slip we use the outermost contour to represent the rupture area (for the 1995 earthquake
from Chlieh et al. 2004, for the 2001 Arequipa earthquake from Pritchard et al. 2007 and for the 2007 earthquake from this work). Otherwise rupture area is
represented by a coloured ellipse. The relative Nazca–South American convergence rate and direction are shown by the black arrow (Angermann et al. 1999)
and the trench is shown by the black barbed line. The green box shows the region in Fig. 2.

3 DATA U S E D

3.1 InSAR data

We use 4 Envisat ASAR images from two descending tracks (track
96 and track 368, Fig. 3a) to form two independent coseismic
interferograms. Both interferograms span the date of the earth-
quake and they include some days after the main shock: 10 d in
the case of the track 368 interferogram and 26 d in the case of
the track 96 interferogram. It is therefore probable that they in-

clude some post-seismic deformation together with the coseismic
deformation. Data were processed using the Caltech/JPL (Pasadena,
CA, USA) repeat-orbit interferometry package (ROI PAC, Rosen
et al. 2004). We construct each interferogram by calculating the
phase difference between two ASAR images using the two-pass
approach (see Massonnet & Feigl 1998 for an overview of the
method). The topographic phase contribution was removed us-
ing a 3-arc-s (90 m) digital elevation model from the Shuttle
Radar Topography Mission (SRTM) (Farr & Kobrick 2000). The
orbital information used in the processing was provided by the

C© 2010 The Authors, GJI, 183, 390–406
Geophysical Journal International C© 2010 RAS
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How ‘mega’ is a megathrust earthquake? 

 
M9 is 32 times stronger than M8 

and 
1000 stronger than M7  

 

In terms of energy release: 
 
0.1 unit magnitude ~1.4X  
   1 unit magnitude ~32X 
	
  

Japan	
  2011	
  M=9	
  was	
  1000	
  Zmes	
  
stronger	
  than	
  HaiZ	
  2010	
  M=7	
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North of Chile 

GoogleEarth	
  



1284 M. Métois et al.

Figure 1. Left-hand side: the solid curve depicts the number of Mw < 7 shallow earthquakes (depth < 60 km) plotted against latitude (0.2◦ sliding window).
Dashed curve: Aftershocks associated to the 1995, 2001, 2005 and 2007 Mw > 7 events removed. Right-hand side: map of all earthquakes registered by USGS
from 1973 to 2012 in North Chile. USGS catalogue is complete for Mw > 4.5 events in this region.

suggested that this area is a mature seismic gap with high seismic
and tsunami hazard (Kelleher 1972; Nishenko 1991). In addition,
the occurrence of recent intermediate magnitude earthquakes at the
edges of this area potentially increased the stress on it. The 1995 Mw

8.1 Antofagasta earthquake (Ruegg et al. 1996; Delouis et al. 1997;
Chlieh et al. 2004; Pritchard & Simons 2006) and the 2007 Mw

7.7 Tocopilla earthquakes (Delouis et al. 2009; Béjar-Pizarro et al.
2010; Peyrat et al. 2010) occurred South of the North Chilean gap,
on both sides of the Mejillones peninsula (Fig. 2). The Arequipa
2001 Mw 8.4 Peru earthquake ruptured North of the gap in the rup-
ture zone of the 1868 megathrust earthquake (Perfettini 2005), and
the 2005, Mw 7.7 Tarapacá deep intraslab event affected its central
part (Peyrat et al. 2006).

Nevertheless, the high seismic hazard associated to this gap may
be lower than anticipated. First, the rupture zone of the 1877 earth-
quake is poorly known and this uncertainty makes the estimate of
the seismic hazard in this area a real challenge (see discussion sec-
tion). Secondly, part of the convergence between plates could have
been accommodated by aseismic sliding on the interface since 1877,
reducing the slip deficit. Therefore, it is important to measure the
elastic strain above the subduction zone to quantify the locking de-
gree on the subduction interface. Finally, in this part of the Central
Andes, the Altiplano develops, the mountain range widens and the
backarc subandean fold-and-thrust belt is an active structure which
seems also to accommodate part of the convergence between the
Nazca and South American plates reducing by so much the rate
of accumulation on the subduction (McQuarrie 2002b; Arriagada

et al. 2008) (Fig. 2). However, whether or not this structure acts as
the eastern boundary for an Andean microplate behaving as a rigid
block, and to what extent it accommodates part of the total con-
vergence, remain open questions. In North Chile, recent estimates
of backarc shortening rate vary from 5 to 15 mm yr−1 depending
on the authors (Norabuena et al. 1998; Bevis et al. 2001; Kendrick
et al. 2001; Brooks et al. 2003, 2011; Khazaradze 2003; Chlieh
et al. 2011). Actually, the long-term backarc shortening rate gradu-
ally decreases from North to South (McQuarrie 2002a). Assessing
the seismic hazard on the trench in North Chile requires quantifica-
tion of the partitioning of the convergence between both structures,
since there is a large trade-off between the coupling amount on the
subduction interface and the Andean sliver block motion (Chlieh
et al. 2011).

Over the past two decades, international teams installed campaign
and continuous Global Positioning System (GPS) networks in the
region to measure the interseismic deformation of the upper plate
near the subduction zone (Ruegg et al. 1996; Norabuena et al. 1998;
Bevis et al. 1999; Klotz et al. 2001; Khazaradze 2003; Chlieh et al.
2004). Unfortunately, these measurements were affected by several
problems: each data set was published in an unknown singular
reference frame, hence difficult to combine (Kendrick et al. 2001)
and the networks were too sparse to give a good resolution of
the coupling distribution on the interface and of the sliver motion.
Moreover, these measurements contain co- and post-seismic signals
induced by several Mw > 7 earthquakes in the North Chile area,
introducing noise on the interseismic deformation. Recently, Chlieh
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392 M. Béjar-Pizarro et al.

Figure 1. Reference map of our study area in northern Chile (delimited by a black box in the inset map). Rupture areas of historic and recent earthquakes
are shown with their dates and magnitudes. Approximate ruptures areas of the two largest historic earthquakes in the region (the 1868 South Peru and the
1877 Iquique earthquakes) are represented as semi-transparent grey ellipses. Colour filled areas represent rupture areas of large instrumental shallow interplate
thrust earthquakes. For those earthquakes with known distributed slip we use the outermost contour to represent the rupture area (for the 1995 earthquake
from Chlieh et al. 2004, for the 2001 Arequipa earthquake from Pritchard et al. 2007 and for the 2007 earthquake from this work). Otherwise rupture area is
represented by a coloured ellipse. The relative Nazca–South American convergence rate and direction are shown by the black arrow (Angermann et al. 1999)
and the trench is shown by the black barbed line. The green box shows the region in Fig. 2.

3 DATA U S E D

3.1 InSAR data

We use 4 Envisat ASAR images from two descending tracks (track
96 and track 368, Fig. 3a) to form two independent coseismic
interferograms. Both interferograms span the date of the earth-
quake and they include some days after the main shock: 10 d in
the case of the track 368 interferogram and 26 d in the case of
the track 96 interferogram. It is therefore probable that they in-

clude some post-seismic deformation together with the coseismic
deformation. Data were processed using the Caltech/JPL (Pasadena,
CA, USA) repeat-orbit interferometry package (ROI PAC, Rosen
et al. 2004). We construct each interferogram by calculating the
phase difference between two ASAR images using the two-pass
approach (see Massonnet & Feigl 1998 for an overview of the
method). The topographic phase contribution was removed us-
ing a 3-arc-s (90 m) digital elevation model from the Shuttle
Radar Topography Mission (SRTM) (Farr & Kobrick 2000). The
orbital information used in the processing was provided by the

C© 2010 The Authors, GJI, 183, 390–406
Geophysical Journal International C© 2010 RAS
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Figure 2. Seismotectonic background of North Chile and main geological features. Topography and bathymetry are from ETOPO1. The main front of the
subandean fold-and-thrust belt is marked with a black dashed line. White lines: contours of bathymetric features of the Nazca subducting plate. Red contoured
depict the maximal rupture zones of the main historical (dashed) and instrumental (solid) megathrust earthquakes since 1830 (from Comte 1991; Béjar-Pizarro
et al. 2010). Red star: hypocentre of the 2005 intra-slab Tarapaca event Peyrat et al. (2006). Peninsulas are named on the grey rectangles. The bottom diagram
represent the 3-plates model and indicate the possible relative velocities of Nazca plate and sub-Andean Sliver with respect to South American craton. Grey
areas mark the extent of elastic deformation.

et al. (2011) recombined together several of those old data sets and
inverted for spatially varying interseismic coupling in Northern
Chile and Southern Peru, but their models still lack resolution in
the North Chile area, in particular south of 22◦S.

In this study, we present a new geodetic data set as we reinstalled
and remeasured a denser benchmark network in North Chile, be-
tween 2008 and 2012. Our new horizontal velocity field covers the
entire North Chile seismic gap is denser than earlier solutions and
depicts the present day interseismic deformation with no coseis-
mic or post-seismic transients. We invert this velocity field for the
motion of a rigid Andean sliver and for the coupling distribution
on the subduction interface simultaneously. Based on this analysis,
we propose an interpretation of the regional coupling distribution in
terms of segmentation and mechanical behaviour of the megathrust.

2 G P S M E A S U R E M E N T S

In 2010, we restored the pre-existent French–Chilean campaign
network in North Chile (∼40 markers) (Ruegg et al. 1996) and
installed 23 new bedrock-sealed benchmarks with accurate direct
antenna centering. We completed this 66 benchmarks network with

16 pre-existent South America Geodynamic Activities (Khazaradze
2003) and 1 Central Andes GPS Project (Kendrick et al. 2001)
markers. We measured the whole network in 2010 June and 2012
May, and part of it in June 2008, 2009 and 2011. We also included
previous measurements conducted since 2000 where convenient. In
our processing, we used data from 28 regional continuous stations:
13 from French–Chilean network, 3 from the IPOC network and 12
from the Caltech network (see Table S3). All together, benchmarks
were measured at least twice in a 2 yr time span and up to five times
in a 12 yr time period in specific areas.

We reduce 24-hr sessions to daily estimates of station positions
using the GAMIT software (release 10.4 King & Bock 2002), choos-
ing the ionosphere-free combination, and fixing the ambiguities to
integer values. We use precise orbits from the International GNSS
Service for Geodynamics (IGS, Dow et al. 2009). We also take
advantage of the IGS tables to describe the phase centres of the
antennae. We estimate one tropospheric vertical delay parameter
per station every 3 hr. The horizontal components of the calculated
relative position vectors are precise with a few millimeters accuracy
for all pairs of stations, as estimated by the rms scatter about the
mean (so-called baseline repeatability, see Table S1).
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1286 M. Métois et al.

We combine daily solutions using the GLOBK software (Herring
2002) in a ‘regional stabilization’ approach. To define a consistent
reference frame for all epochs, we include tracking data from a
selection of 33 permanent stations in South America, 14 of them
belonging to IGS (Beutler et al. 1999a). Three stations are within
or very close to the deformation area, the 30 remaining stations are
well distributed over the South American craton in Brazil (RBMC
network), Guyana and Argentina (RAMSAC network), and two sta-
tions sample the Nazca Plate (see Table S3). We combine daily
solutions using Helmert transformations to estimate translation, ro-
tation, scale and Earth orientation parameters (polar motion and
UT1 rotation). This ‘stabilization’ procedure defines a reference
frame by minimizing, in the least-square sense, the departure from
the a priori values determined in the International Terrestrial Ref-
erence Frame (ITRF) 2008 (Altamimi et al. 2011). This procedure
estimates the positions and velocities for a set of well-determined
stations in and around our study area (KOUR, POVE, CUIB, CHPI,
RIO2, BRAZ, BRFT, ISPA). The misfit to these ‘stabilization’ sta-
tions is 2 mm in position (POVE is excluded from this calculation
because its position is affected by a strong seasonal signal) and
1.2 mm yr−1 in velocity (see Fig. S3).

We obtain an horizontal velocity field in the ITRF2008 that
we compute relative to the South American Plate defined by the
NNR-Nuvel-1A model (DeMets Gordon 1994) (25.4◦S, 124.6◦W,
0.11◦ Myr−1, see Table S2 and Fig. S3). We decide not to use
the vertical velocities yet in the modelling, since many new sites
are measured only twice, the associated baseline repeatabilities
are higher than 3 mm, and GPS accuracy is lower on vertical
components for campaign measurements (see Section 1 in the Sup-
porting Information).

3 DATA D E S C R I P T I O N

In North Chile, the horizontal velocity field relative to the sta-
ble South-America craton exhibits an unusual deformation pattern
(Fig. 3). Along the coast, horizontal velocities are roughly parallel to
the plate convergence direction, but going inland, there is no clear
rotation of the deformation towards a more trench-perpendicular
orientation as observed in Central or Southern Chile (e.g. Ruegg
et al. 2009; Vigny et al. 2009; Métois et al. 2012). Additionally, we
observe ∼10 mm yr−1 of eastward deformation 300 km away from
the trench. Accordingly, the amount of strain (ε) calculated along

Figure 3. New interseismic data set acquired from 2000 to 2012 on campaign benchmark (black arrows) and permanent stations (orange arrows). Ellipses
depict the 95 per cent confidence level. Velocities are plotted in the NNR-Nuvel1A fixed South-America reference frame (Table S2). To the right, the topography
(in km) and the horizontal velocities (in mm yr−1) are plotted against the distance to the trench (in km) along four 30 km-width trench-normal profile lines
(dotted lines and dashed-dotted rectangles on the map). The black line is the theoretical deformation predicted by the simple first-order model proposed by
Chlieh et al. (2004) where the slab dips 20◦ and the interface is fully locked down to 40 km depth. The red line is the theoretical deformation predicted by our
preferred 3-plate model presented in Fig. 4. The strain-rate ε is indicated for each profile (from a to d, calculated from 150 to 250 km).
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Although the total amount of shortening is still debated, most
studies agree that mid-Neogene to present deformation is
mainly localized in the sub-Andean zone. Plio-Quaternary
geological shortening rates of the order of 10 mm/a to 15 mm/a
are estimated in the Central Andes [Hindle et al., 2002].
Geodetic studies have reported slower rates of shortening of
about 4 mm/a to 9 mm/a west of the Altiplano plateau
[Bevis et al., 2001; Chlieh et al., 2004; Khazaradze and Klotz,
2003].
[7] Silgado [1978] and later Dorbath et al. [1990] have

analyzed the information available on large historical earth-
quakes along the coast of Peru since the arrival of the con-
quistadores in the 16th century. These studies provide
estimates of the rupture areas and moment magnitude, Mw,
of these large earthquakes. The Peruvian subduction can be
divided into three distinct zones separated by two promi-
nent geomorphologic features on the subducting plate: the
Mendaña fracture zone at latitudes of 10°S and the Nazca
ridge at 15°S.
[8] In the central zone (between the Mendaña fracture

zone and the Nazca ridge), the great 1746 megathrust
earthquake ruptured the entire zone and Lima’s port Callao
was devastated by a tsunami with only a few hundreds out of
6000 people surviving [Walker, 2008]. Dorbath et al. [1990]
estimated the magnitude of this event to be of the order of
Mw!8.6, but Beck and Nishenko [1990] suggested a larger
value of Mw!8.8 to 9.5. In the following we consider for

that event a moment magnitude range of Mw!8.6–8.8. The
1746 great earthquake was followed by two centuries of
seismic quiescence, interrupted in the 20th century by the
occurrence of three Mw!8.0 earthquakes: the 1940 event
followed by the 1966 and 1974 earthquakes [Beck and Ruff,
1989; Beck and Nishenko, 1990; Langer and Spence, 1995].
The Mw = 8.0 Pisco earthquake of 2007 whose rupture
stopped at the northern edge of the Nazca ridge, completed
the sequence to spatially encompass approximately the
whole rupture area of the great 1746 earthquake [Audin et al.,
2007; Biggs et al., 2009;Motagh et al., 2008; Perfettini et al.,
2010; Pritchard and Fielding, 2008; Sladen et al., 2010;
Tavera and Bernal, 2008].
[9] The southern zone, located between the Nazca ridge

and the Arica bend (Chilean border) is the site of the largest
earthquakes in Peru (Figure 1). Repeated large earthquakes
are reported to have occurred there since the 16th century
with an average recurrence time of the order of 130 years for
Mw ≥ 8.4 earthquakes. It seems that no historical event ever
ruptured the segment where the Nazca ridge subducts sug-
gesting that this area is a permanent barrier to earthquakes
rupture propagation. Just south of the Nazca ridge, the 1942
Mw!8.1–8.2 earthquake ruptured about 150 km southwards.
The Mw = 7.7 Nazca earthquake in 1996 seems to have
broken only a small portion deeper than the 1942 rupture.
The last great earthquake in southern Peru occurred in 1868
with the tsunamigenic Mw!8.8 event which has ruptured

Figure 2. Interseismic geodetic measurements in the Central Andes subduction zone. Horizontal veloc-
ities determined from campaign GPS measurements are shown relative to South America Craton. Inset
shows unwrapped interseismic interferogram in mm/a projected in the line of sight (LOS) direction of
the ERS-1/2 satellites [Chlieh et al., 2004]. The convergence of the Nazca plate relative to South America
(black arrows) is mainly accommodated along the Peru-Chile megathrust (green arrows) with a fraction
taken up along the subandean fold and thrust belt (red arrows). Red bars represent the slip direction of
Mw > 6 Harvard CMT (http://www.seismology.harvard.edu/CMTsearch.html).
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Figure 5. Left-hand side: average coupling coefficient 〈!〉, versus latitude. 〈!〉 is the integration from 0 to 60 km depth of the coupling distribution on the
interface, using a 0.2◦ sliding window in latitude. Greyish curves are for the 2-plate model, redish curves are for the 3-plate model. Solid curves depict the
preferred (best-fit) model, and dashed curves depict a subset of alternative models with reasonably good nrms (<3 for 2-plate models, and <1.5 for 3-plate
models). Grey and pink shaded areas depict the envelope of these alternative models and represent the uncertainty of our preferred coupling distributions.
Black dotted lines mark the mean value of coupling for each case. Segments (〈!〉 larger than the mean value) and intersegment zones (〈!〉 lower than the mean
value) are named on the right-hand side of the graph. Right-hand side: coupling distribution is colour coded and superimposed with estimates of the rupture
zones of major instrumental or historical earthquakes (solid red or green dotted ellipses, respectively). Thin red ellipses: 2 m slip contours of 1995 Antofagasta
earthquake (Chlieh et al. 2004). Bold green dashed ellipse is the reduced rupture zone we propose for the 1877 earthquake based on (Kausel 1986). Green star:
epicentre of the 1877 earthquake (Comte 1991). Black star: epicentre of the 1933, Mw 7.5 Iquique earthquake (Centennial catalogue). Dark blue solid line:
rough contours of the Iquique Ridge.

to almost 40 km depth. The northernmost half of the Mejillones
peninsula is located above a zone where the coupling coefficient
strongly decreases (〈!〉 ≤ 60 per cent for all models) and reaches
values as low as 40 per cent locally for the 3-plate model. This low
coupled zone extends between 23.3◦S and 22.5◦S. From 22.5◦S to
20.8◦S, North of Mejillones, the coupling increases and depicts a
highly coupled zone that extends down to 30 km for the 3-plate
model and even 40 km in the 2-plate model near 22.5◦S. In both
cases, the coupling amount is higher than 60 per cent down to 40 km
depth. Then, between 20.8◦S and 20.2◦S, where our inversion is
well constrained by the network geometry, coupling decreases again
dramatically. Because our model resolution is good there, we are

confident that a zone of intermediate coupling develops in this
generally low coupled zone, beneath Iquique (see Fig. S7). Finally,
North of Iquique, in the Arica bend (20.2◦S to 18.5◦S), coupling
resumes with the shape of a shallow highly coupled zone down to
20 km depth, but poorly constrained by our data.

5 D I S C U S S I O N

Following Métois et al. (2012) for the central part of the Chilean
subduction zone, we correlate the variations of the average coupling
with the segmentation of the megathrust. Thus, based on Fig. 5, we
define three long segments (where 〈!〉 is high): Paranal, Loa and
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①  Seismicity decays 

②  It breaks in smaller segments (2 x M~8.2 events) 

③  It breaks the complete segment "lling the North 
Chile seismic gap (M>8.5?) 

What can we expect? 
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Figure 5. Left-hand side: average coupling coefficient 〈!〉, versus latitude. 〈!〉 is the integration from 0 to 60 km depth of the coupling distribution on the
interface, using a 0.2◦ sliding window in latitude. Greyish curves are for the 2-plate model, redish curves are for the 3-plate model. Solid curves depict the
preferred (best-fit) model, and dashed curves depict a subset of alternative models with reasonably good nrms (<3 for 2-plate models, and <1.5 for 3-plate
models). Grey and pink shaded areas depict the envelope of these alternative models and represent the uncertainty of our preferred coupling distributions.
Black dotted lines mark the mean value of coupling for each case. Segments (〈!〉 larger than the mean value) and intersegment zones (〈!〉 lower than the mean
value) are named on the right-hand side of the graph. Right-hand side: coupling distribution is colour coded and superimposed with estimates of the rupture
zones of major instrumental or historical earthquakes (solid red or green dotted ellipses, respectively). Thin red ellipses: 2 m slip contours of 1995 Antofagasta
earthquake (Chlieh et al. 2004). Bold green dashed ellipse is the reduced rupture zone we propose for the 1877 earthquake based on (Kausel 1986). Green star:
epicentre of the 1877 earthquake (Comte 1991). Black star: epicentre of the 1933, Mw 7.5 Iquique earthquake (Centennial catalogue). Dark blue solid line:
rough contours of the Iquique Ridge.

to almost 40 km depth. The northernmost half of the Mejillones
peninsula is located above a zone where the coupling coefficient
strongly decreases (〈!〉 ≤ 60 per cent for all models) and reaches
values as low as 40 per cent locally for the 3-plate model. This low
coupled zone extends between 23.3◦S and 22.5◦S. From 22.5◦S to
20.8◦S, North of Mejillones, the coupling increases and depicts a
highly coupled zone that extends down to 30 km for the 3-plate
model and even 40 km in the 2-plate model near 22.5◦S. In both
cases, the coupling amount is higher than 60 per cent down to 40 km
depth. Then, between 20.8◦S and 20.2◦S, where our inversion is
well constrained by the network geometry, coupling decreases again
dramatically. Because our model resolution is good there, we are

confident that a zone of intermediate coupling develops in this
generally low coupled zone, beneath Iquique (see Fig. S7). Finally,
North of Iquique, in the Arica bend (20.2◦S to 18.5◦S), coupling
resumes with the shape of a shallow highly coupled zone down to
20 km depth, but poorly constrained by our data.

5 D I S C U S S I O N

Following Métois et al. (2012) for the central part of the Chilean
subduction zone, we correlate the variations of the average coupling
with the segmentation of the megathrust. Thus, based on Fig. 5, we
define three long segments (where 〈!〉 is high): Paranal, Loa and
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notable. The greatest resolved slip is concen-
trated ~35 km deep offshore Iquique (20.25°S), 
consistent with the depth of maximum slip 
during the 1995 earthquake and ~1° north of 
the epicenter of the 1877 earthquake inferred 
from historical data (Comte and Pardo, 1991). 
Smaller loci of moment release are located near 
22.5°S and 23.5°S. The distance between slip 
patches suggests that they may represent sepa-
rate earthquakes or widely spaced asperities 
that rupture during a single event. Because of 
the lack of temporal information contained in 
the data set, the crack-based strain fi eld cannot 
distinguish a single earthquake with a hetero-
geneous slip distribution from several smaller 
events. Based on aftershocks mapped by the 
U.S. Geological Survey, the November 2007 
Mw 7.7 Tocopilla earthquake ruptured the mar-
gin between ~22°S and 23°S (Fig. 3), indicat-
ing that it broke a portion of the plate boundary 
on which little Iquique event slip is predicted 
by the inversion. This suggests that much of the 
segment ruptures during truly great earthquakes 
such as that of 1877, but the portions remaining 
unbroken slip in smaller events.

DISCUSSION
Recent studies (Llenos and McGuire, 2007; 

Song and Simons, 2003; Wells et al., 2003) have 
found a correlation between negative forearc 
trench-parallel gravity anomalies and zones of 
large-magnitude slip during strong subduction 
zone earthquakes. We construct a trench-parallel  
gravity anomaly (Sandwell and Smith, 1997; 
Song and Simons, 2003) fi eld for the Iquique 
segment to compare with the slip distribution 
resolved from our inversion of the crack-based 
strain data (Fig. 3). The region in which resolved 
slip is greatest coincides with an area of strongly 
negative trench-parallel gravity anomalies. The 

lack of resolved slip at shallow depths south of 
21°S and occurrence of the smaller Tocopilla 
earthquake near 22°S are consistent with the 
prevalence of positive trench-parallel gravity 
anomalies, which predict slip of lower magni-
tude during the characteristic Iquique event. The 
forearc gravity fi eld is not a transient property, 
thus both the gravity fi eld and our inversion of 
geological data place constraints on long-term 
patterns of great earthquake slip.

In addition to the static stresses, dynamic 
stresses associated with the passage of seis-
mic waves can cause cracking of the surface 
(Dalguer  et al., 2003). We calculate the tem-
poral evolution of stress induced at the surface 
by the 1995 and 2001 earthquakes and fi nd that 
stress axes calculated from static dislocation 
models are reasonably similar in orientation 
to the dynamic principal stresses (Fig. DR7). 
This indicates that our regional-scale map-
ping of cracks places constraints on the extent 
and distribution of slip associated with plate 
boundary earthquakes, regardless of whether 
static or dynamic stress is the primary driver of 
crack evolution. The method used to calculate 
dynamic stress (Cotton and Coutant, 1997) does 
not take into account changes in material prop-
erties such as the presence of existing faults and 
lithologic heterogeneity that may localize defor-
mation. We suggest that dynamic stressing is 
responsible for the formation of the cracks near 
Antofagasta, which formed in poorly consoli-
dated sediments parallel to a nearby NE-striking 
fault scarp during the 1995 event (González and 
Carrizo, 2003) and may have been affected by 
the soil characteristics and fault structure.

We suggest that great earthquakes along the 
northern Chile and southern Peru margin repeat-
edly rupture areas several hundred kilometers 
in length in quasi-characteristic earthquakes. 
If the location of segment boundaries varied 
substantially on hundred thousand year time 
scales, we would expect cracks to show a range 
of strikes rather than one or two preferred ori-
entations, or a greater frequency of lateral off-
set. Historic records show that not all segments 
completely rerupture in single earthquakes but 
may sometimes break in several smaller events 
(Kanamori and McNally, 1982). However, our 
models of earthquake slip and crack forma-
tion indicate that on a regional scale, the stress 
fi eld is more sensitive to the extent of slip than 
details of its distribution (Fig. DR6). This sug-
gests that earthquakes on a given segment of the 
plate boundary may vary in their slip distribu-
tion, but the accumulated strain exhibited by 
surface cracks implies that the dimensions and 
boundaries of characteristic earthquake rupture 
remain relatively constant.

The existence of long-lived earthquake seg-
ments has several implications. Knowledge 
of segment dimensions and boundary loca-
tions is important for determining earthquake 

σ1

σ3

Figure 2. Schematic relationship between 
subduction zone earthquake rupture area 
(offshore ellipse with bold arrows denoting 
coseismic slip vector) and principal stress 
exerted at surface. Gray arrows show σ3 
axes, which are approximately parallel to 
slip vector near center of rupture segment, 
opening cracks (narrow white ovals) that 
strike in perpendicular direction, parallel to 
σ1 direction (black axes). Near rupture termi-
nations, cracks strike oblique to earthquake 
slip vector.
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Figure 3. Preferred inverse model of the 1877 
Iquique earthquake, shown as 1 m interval 
contour lines of coseismic slip. Slip distri-
bution was calculated by inverting (Maerten 
et al., 2005) strain fi eld represented by popu-
lations of surface cracks for slip on the sub-
duction interface. Mean crack strike at each 
mapped locality is shown by red bar, and 
calculated σ1 orientation at same location is 
indicated by blue bar; mean residual angle 
between observed and predicted crack strike 
is 8.2°. Contours are overlain on trench-
parallel  gravity anomaly (TPGA) constructed 
for Iquique segment. Region of greatest 
resolved slip for Iquique event coincides 
with strongly negative TPGA, consistent with 
recent studies (Llenos and McGuire, 2007; 
Song and Simons, 2003; Wells et al., 2003). 
Approximate rupture area of November 2002 
Mw 7.7 Tocopilla earthquake is shown as 
dashed rectangle, based on information from 
the U.S. Geological Survey.
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Figure 1 | Location of the study area, Punta de Lobos, in northern Chile.
The barbed line is the Peru–Chile Trench. Contours show best fitting,

long-term rupture segment for the Iquique Gap from ref. 19; numbers

indicate slip magnitude in metres. Co/post-seismic GPS vectors for the

1995 Antofagasta earthquake (stations shown with circles) and the 2007

Tocopilla earthquake (triangles) shown at the same scale
15,36

. Filled station

symbols indicate that the vector was used in the strain calculation in Fig. 5.

Inset map shows the location, with the Iquique Gap bounded by the 2001

Mw 8.5 Arequipa earthquake to the north and the 1995Mw 8.1 Antofagasta

earthquake to the south.

The exact cause of earthquake-related cracking remains un-
certain. The approximate north–south strike of most cracks19 is
consistent with static coseismic rebound of the upper plate. On
the other hand, the common, although not exclusive association
of the dense regions of cracking with forearc fault scarps and
other topographic features indicates focusing during dynamic wave
propagation25. In an ideal world, cracks formed by the latter mech-
anism would tend to close up resulting in little or no permanent
strain. In the real world, however, there is abundant evidence,
especially when seen in cross-section, that rock clasts fall into
the cracks while open. Such clasts may act to prop open the
cracks, creating much larger permanent surface strains than might
otherwise be observed. We do not have sufficient temporal reso-
lution to distinguish between cracks formed during the coseismic
elastic rebound and those formed during the post-seismic recovery;
from a geological perspective, the more important distinction
is whether the deformation is permanent or recoverable (either
immediately or over time).

Crack strain and strain rate

On a set of alluvial fan surfaces in the Coastal Cordillera at Punta de
Lobos (Fig. 1), wemeasured∼7 km of scan lines over 5 surfaces (see
Supplementary Information for details). Crack strain is calculated
and reported here as a one-dimensional (1D) extension:

e = lf − li
li

= �Wh

lf −�Wh

where lf and li are the final and initial lengths, respectively,
and �Wh is the sum of the crack widths along the transect
as determined above. Crack strain clearly varies with alluvial
fan surface age, with the oldest surfaces recording as much as
3.5% extension and the youngest surfaces registering less than
1% extension (Fig. 2).

Sufficient quartz clasts were available on three separate surfaces
to determine their exposure ages from TCNs using 10Be and 26Al
(see Supplementary Information for complete details). The oldest
surface (S1) has an average age of 0.98± 0.18Myr for all 10Be
and 26Al ages; the intermediate surface (S2) has an average age
of 0.35± 0.13Myr; and the youngest surface (S5) an average age
of 0.16± 0.08Myr. 10Be and 26Al ages for pebbles and sediment
in the active channels and quartz pebbles on the pediment and
bedrock range from ∼0.07 to 0.30Myr suggesting that inheritance
levels for cosmogenic nuclides of clasts and sediment on alluvial fan
surfaces are of that order.

The dating of the surfaces, albeit with considerable uncertainty
inherent in the technique, allows us to determine not just strain
but strain rate (Fig. 3). Within the limits of error (discussed
in the Supplementary Information), the strain rate seems to be
relatively constant at about 1.2–1.5× 10−15 s−1 for 0.8–1 million
years. If we assume that, on average, there is a major plate-
boundary earthquake in the Iquique Gap every 150± 50 years13,
then the Punta de Lobos fan complex records between 2,000
and 9,000 individual events and the surface extension for each
event, on average, is 7.1 ± 2.3×10−6. If we double the recurrence
interval to 300 ± 50 years, the average per event strain would
be 14.2± 2.3× 10−6.

Comparison to GPS co/post-seismic strain

As the Iquique segment in which Punta de Lobos is located has not
had a major earthquake since 1877, we must compare the per event
strain calculated above to the GPS record of recent earthquakes in
other parts of the margin. Furthermore, our crack strain measure
is 1D and therefore we should compare it to horizontal strain
along a GPS transect in the direction of maximum extension.
Three recent earthquakes along the Nazca–South America plate
boundary that were well captured by GPS networks include the
2010 Mw 8.8Maule (Fig. 4), 1995 Mw 8.1 Antofagasta and 2007
Mw 7.7 Tocopilla events (Fig. 1). As expected, the maximum
co/post-seismic extensions, measured in the 50 km immediately
east of the coast, vary with magnitude of the earthquake: 4.8±
0.65 × 10−5 for Maule, 7.7 ± 1.9 × 10−6 for Antofagasta and
2.2±0.89×10−6 for Tocopilla (see the Supplementary Information
for calculation of strain for each event). These geodetically
measured strains are very similar to the average per event strains
calculated for the Punta de Lobos data based on 150 and 300 year
recurrence intervals (Fig. 5).

Implications for coseismic deformation

If the crack strain we have documented were homogeneous over
the entire Coastal Cordillera, it would suggest that a very high
proportion of the rebound seen in GPS networks (12–27% for
a Maule-sized event and nearly 100% for an Antofagasta-sized
event) is actually due to permanent deformation and is not
elastic or viscoelastic. However, there are two reasons why this is
probably not the case: the crack strain in the Coastal Cordillera
is probably not homogeneous; and we cannot rule out the effect
of tectonic processes other than plate-boundary seismicity that
might contribute to the strain measured at Punta de Lobos. We
briefly examine both possibilities, below, ignoring Tocopilla as it is
considerably smaller than an average 150 or 300 year event.

To determine theminimumamount that permanent crack strain
at Punta de Lobos might contribute to the total coseismic rebound,
it is necessary to compare changes in length rather than strain
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we accept that a maximum of 50% of this moment could
have been released by non steady state interseismic process
and slow slip events, this potential is reduced to a moment
magnitude equivalent to a Mw!8.5 event.

6.2. The 1942 Nazca Segment
[35] Above the Nazca ridge, the proportion of aseismic

slip appears to be more important (60%) than in the adjacent
segments. The recent 1996 Nazca Mw = 7.7 and 2007 Pisco
Mw = 8.0 earthquakes have stopped respectively just south
and north of the Nazca ridge. The rate of moment deficit
of the Nazca segment extending from 14°S to 16°S is
0.4 10e + 20 Nm/a. At that rate, the cumulative moment
deficit since 1942 would be 2.9 " 10e + 21 Nm and only
0.5 " 10e + 21 Nm was released during the 1996 event.
This leaves a seismic potential of 2.4 " 10e + 21 Nm equiv-
alent to a Mw!8.2 earthquake there. A minimum of Mw!8.0

earthquake is proposed in case of a nonsteady state inter-
seismic process.

6.3. The 1868 Arequipa Segment
[36] The rate of moment deficit over the 1868 rupture

segment is about 0.85" 10e + 20 Nm/a. The moment deficit
accumulated at the current rate since 1868 reaches 12" 10e +
21 Nm. This is equivalent to 67% of the moment released
during the great 1868 Mw!8.8 earthquake. The seismic
moment released by the Arequipa earthquake being 5.2 "
10e + 21 Nm, this leaves a seismic potential of 6.8 " 10e +
21 Nm (Mw!8.5) over the whole 1868 rupture. The southern
asperity that did not break in 2001 have accumulated alone
a seismic moment of 4.8 " 10e + 21 Nm equivalent to a
Mw!8.4 earthquake. Considering a nonsteady state inter-
seismic process, this would lead to a minimum seismic
potential equivalent of Mw!8.3 earthquake for the whole
1868 rupture segment and Mw!8.1 for the southern Peru
asperity alone.

6.4. The 1877 North Chile Segment
[37] In Northern Chile, the rate of moment deficit over the

1877 rupture segment is about 1.3 " 10e + 20 Nm/a. It
corresponds to a cumulative moment deficit of about 17.2 "
10e + 21 Nm in 133 years. The seismic moment released by
the Tocopilla earthquake represents only 4% of this moment
deficit. The seismic potential left is 16.5 " 10e + 21 Nm
which equals an earthquake of moment magnitude Mw!8.8
over the whole 1877 rupture area. A minimum of Mw!8.6
earthquake is estimated when we account for potential
nonsteady state interseismic process.

7. Discussion

[38] Interseismic GPS velocities in the Central Andes have
been previously interpreted based on simpler models which
were considering uniform locking of the megathrust in the
interseismic period down to a depth of 40–55 km and con-
sidering a mobile sliver extending from the trench to the
subandean Eastern foothills [Bevis et al., 2001; Chlieh et al.,
2004; Gagnon et al., 2005]. These models were explaining
the first order pattern of interseismic strain but, as observed
along other subduction zones, significant lateral variations of
interseismic coupling are needed to fully explain the avail-
able geodetic data set of the Central Andes. In this study, we
observed that the heterogeneous pattern of interseismic cou-
pling is consistent with the spatial distribution of recent large
subduction earthquakes; the largest earthquakes (Mw ≥ 8) all
fall in areas of high ISC (Figures 9 and 10). In addition the
patches of significant afterslip following the Pisco earth-
quake correspond to areas of low ISC, and the time-evolution
of afterslip is well described by a rate strengthening friction
law [Perfettini et al., 2010]. This supports the idea that areas
of low ISC correspond to areas where a large proportion
of the megathrust is governed by a velocity strengthening
friction law, while areas of high ISC are dominantly velocity
weakening. Our ISC maps assume mostly aseismic creep at
shallow depth near the trench. The resolution of this feature
is low here because of the absence of data but it is however
consistent with postseismic observations which show that
this area tends to follow a rate-strengthening behavior. This
is noticeable in the Sumatra area where the slip resolution at

Figure 10. Comparison of interseismic coupling along the
megathrust with ruptures of large megathrust earthquakes
in north Chile. (right) Interseismic coupling pattern deter-
mined for the 3-plate model Short10 indicates a very high
coupling over most of that area decreasing slightly offshore
Iquique and more significantly offshore Arica. The 1-m slip
contour of the Tocopilla earthquake of 2007 (blue line)
appears to have ruptured only a small portion of the south-
ern downdip end of the locked fault zone and of the 1877
event. (left) The moment deficit accumulated since 1877
computed from model Short10, assuming the ISC has
not varied with time, and the seismic moment released by
the 1877 (Mw8.5–8.8) and 2007 (Mw = 7.7) earthquakes.
The seismic moment released by the 2007 event represents
4% of the moment deficit accumulated since 1877.
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What can we expect? 

Seismic Moment accumulated since 
1877 = 17.2 10e + 21 Nm 
 
Tocopilla earthquake only 4% of that 
accumulated moment 
 
Left: 16.5  10e + 21 Nm è Mw~8.8 

3) It breaks the complete segment "lling the North Chile seismic gap (M>8.5?)	
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