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[1] On February 27th 2010, a MW8.8 earthquake struck the
coast of south-central Chile, rupturing !500 km along the
subduction interface. Here we estimate the amount of
seismically-released afterslip (SRA) and the mechanisms
underlying the distribution of aftershocks of this megathrust
earthquake. We employ data from a temporary local network
to perform regional moment tensor (RMT) inversions.
Additionally, we relocate global centroid-moment-tensor
(GCMT) solutions, assembling a unified catalog covering the
time period from the mainshock to March 2012. We find that
most (70%) of the aftershocks with MW > 4 correspond to
thrust events occurring on the megathrust plane, in areas of
moderate co-seismic slip between 0.15 and 0.7 fraction of
the maximum slip (Smax). In particular, a concentration
of aftershocks is observed between the main patches of co-
seismic slip, where the highest values of SRA are observed
(1.7 m). On the other hand, small events, MW < 4, occur in
the areas of largest co-seismic slip (>0.85 Smax), likely related
to processes in the damage zone surrounding the megathrust
plane. Our study provides insight into the mechanics of the
seismic afterslip pattern of this large megathrust earthquake
and a quantitative approach to the distribution of aftershocks
relative to coseismic slip that can be used for similar studies
in other tectonic settings. Citation: Agurto, H., A. Rietbrock,
I. Ryder, and M. Miller (2012), Seismic-afterslip characterization
of the 2010 MW 8.8 Maule, Chile, earthquake based on moment
tensor inversion, Geophys. Res. Lett., 39, L20303, doi:10.1029/
2012GL053434.

1. Introduction

[2] Subduction zones, in which vast interplate strain is
generated by the subduction of an oceanic plate under another
plate, are the areas where the world’s largest earthquakes
occur, often resulting in great human and economic losses
(e.g., Chile 1960, 2010; Sumatra 2004; Japan 2011). The
MW 8.8 2010 Chile megathrust earthquake, the sixth largest
seismic event ever recorded, ruptured nearly 500 km along
the interface between the down-going Nazca plate and the
overriding South America plate. The earthquake was respon-
sible for large economic costs and, in conjunction with the
subsequent tsunami, killed more than 525 people (http://www.

interior.gob.cl/filesapp/listado_fallecidos_desaparecidos_27Feb.
pdf).
[3] The segment that ruptured in 2010 was previously

identified as a mature seismic gap [Campos et al., 2002;
Ruegg et al., 2009] and coincides with the region affected by
a major earthquake (M!8.5) described by Darwin in 1835
[Lomnitz, 2004]. Since the 1835 event, major megathrust
earthquakes have occurred within the area of the 2010 event
in 1906, 1928, 1960 and 1985 [Campos et al., 2002; Bilek,
2010], only partially rupturing the Darwin seismic gap
(Figure 1).
[4] Several co-seismic slip models for the 2010 rupture have

been published to date [e.g., Lorito et al., 2011; Vigny et al.,
2011; Moreno et al., 2012, and references therein], showing
as a first order feature two high-slip patches located roughly to
the north and south of the epicentre. Published aftershock
distributions [e.g., Lange et al., 2012; Rietbrock et al., 2012]
show seismicity concentrated between 10–35 km depth on the
interface and then a second group at 40–45 km depth.
Increased outer-rise seismicity is observed at the northern part
of the rupture, whilst crustal events occur in the Pichilemu area
[Ryder et al., 2012].
[5] Previous studies on aftershock distributions, mainly of

strike-slip faults [e.g., Mendoza and Hartzell, 1988], show
that most of the aftershocks occur outside or near the edges of
the areas of large slip. For a limited data set of subduction
zone earthquakes, Das and Henry [2003] did not find a cor-
relation between regions of high or low slip and aftershock
occurrence, but argued that regions of high slip have fewer
and smaller aftershocks. For the 2010 Maule earthquake,
Rietbrock et al. [2012] analyzed three months of aftershocks
and concluded that aftershocks are located preferentially in
regions of rapid transition from high to low slip. In a recent
study based on the analysis of aftershock focal mechanisms
of the 2011 Tohoku-Oki, Japan, earthquake, Asano et al.
[2011] found that interplate aftershocks with thrust faulting
do not occur within the area of large co-seismic slip, but
instead were localized in the surrounding regions.
[6] Here we present aftershock focal mechanisms (FMs)

and corresponding centroid depths based on full waveform
regional moment tensor (RMT) inversions of the largest
aftershocks recorded on the International Maule Aftershock
Dataset (IMAD) network. We also relocated focal solutions
from the global centroid-moment-tensor (GCMT) project by
using mislocation vectors derived from local observations. In
this way, we assemble a catalog of FMs covering the whole
time period since the mainshock (2010 February 27) up to
March 2012. Utilizing this comprehensive catalog we pro-
duce a model of seismically-released afterslip (SRA) and
discuss its relationship with published co-seismic and post-
seismic slip models. Finally, we investigate the relationship
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Motivation and Hypothesis 

•  Agreement with published co-seismic slip models? 

 

•  Previous studies on a!ershocks distribution.  Goal è Quantification 

 

•  Similarities with Tohoku-oki earthquake 

•  Seismic-a!erslip modelling 
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Fi g. 1. I nt r apl at e ear t hquakes wi t hi n t he subduct i ng Nazca
sl ab i n t he r egi on of t he 1960 (Mw, =9. 5) under t hr ust i ng event .
The appr oxi mat e r upt ur e ar ea of t he t hr ust event i s hachur ed.
Lower hemi spher e equal ar ea pr oj ect i ons ar e shown f or t he
i nt ermedi at e dept h event s. Open st ar s i ndi cat e down- di p t en-
si onal event s and sol i d st ar s i ndi cat e down- di p compr essi onal
event s . The l ocat i on of out er r i se event s i n t he- cat al og of
Chr i st ensen and Ruf f ( 1988) ar e al so shown, wi t h open boxes
i ndi cat i ng t ensi onal event s and x s i ndi cat i ng obl i que mecha-
ni sms whi ch ar e nei t her si mpl e t ensi onal nor compr essi onal
t ype. Al l of t he out er r i se event s f ol l ow t he 1960 mai nshock.

i nt r apl at e event i n 1978, whi ch i s al so pr edomi -
nant l y down- di p compr essi onal . The t ensi onal
event s occur r ed at shal l ower dept hs t han t he com-
pr essi onal event s, cl ose t o t he l eadi ng edge of t he

a

STATI C

Bendi ng,
Det achment

I nt ermedi at e- dept h

b

Bef or e Thr ust

Af t er Thr ust

l ocked r egi on t hat sl i pped i n t he mai nshock. Un-
l i ke t he obser vat i ons of Mogi ( 1973) , t her e i s no
t empor al cl ust er i ng of i nt r apl at e act i vi t y ( ot her
t han i n t he out er r i se) , but t hi s segment of t he
Nazca pl at e does not ext end as deep as i n t he
west er n Paci f i c ar c.

Mot i vat ed by t hese obser vat i ons, Ast i z and
Kanamor i ( 1986) , Chr i st ensen and Ruf f ( 1988)
and Ast i z et al . ( 1988) have pr oposed a si mpl e
model of i nt r apl at e st r esses i n r egi ons wi t h st r ong
sei smi c coupl i ng. I n t hi s model , we concept ual l y
separ at e t he ambi ent st r ess r egi mes associ at ed wi t h
t he ` st at i c' def ormat i on of t he subduct i ng sl ab,
f r om t he t empor al l y var yi ng ` dynami c' r egi onal
st r esses . The st at i c f i el d ( Fi g. 2a) i s associ at ed
wi t h l ar ge- scal e bendi ng, unbendi ng, t hermal equi -
l i br at i on, and sl ab- pul l st r esses. The t erm st at i c
appl i es onl y i n t he sense t hat t he l ar ge- scal e
pr ocesses pr oceed on a t i me- scal e much gr eat er
t han t hat of t he r el at i vel y r api dl y var yi ng r egi onal
st r esses associ at edwi t h t he i nt er pl at e cont act zone.
The dynami c st r esses ( Fi g. 2b) associ at ed wi t h
i nt er pl at e l ocki ng and unl ocki ng ( i . e. , t hr ust i ng)
i nt er act wi t h t he l ar ge- scal e st r ess envi r onment .
When t he coupl ed zone i s l ocked, t ensi onal st r esses
due t o sl ab- pul l and unbendi ng may concent r at e
at t he down- di p edge of t he coupl ed zone. I n t ur n,
st r esses i n t he out er r i se may become compr es-

DYNAMI C

poupl ed

Fi g. 2. ( a) At wo- di mensi onal model of t he st r ess di st r i but i on wi t hi n t he out er r i se and i nt ermedi at e dept h r egi on of subduct i ng
l i t hospher e r esul t i ng f r om bendi ng, unbendi ng and sl ab- pul l ef f ect s. I t i s assumed t hat r i dge- push ef f ect s ar e negl i gi bl e. ( b) A
dynami c st r ess model t hat woul dappl y t o a r egi on wi t h st r ong sei smi c coupl i ng i nvol vi ng t empor al l y var yi ng st r esses t hat woul d be
super i mposed on t he st at i c st r ess f i el ds i n ( a) . Pr i or t o t he t hr ust , t he l ocked r egi on causes ext ensi onal st r esses t o concent r at e on t he
down- di p edge of t he coupl ed zone and compr essi onal st r esses t o concent r at e i n t he out er r i se. Fol l owi ng t he t hr ust , t he down- di p
sl ab- pul l i s t r ansmi t t ed t o t he out er r i se, pr oduci ng t ensi on, whi l e t he i nt ermedi at e dept h r egi on i s under t r ansi ent compr essi on ( or
di mi ni shed t ensi onal ) st r ess .
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Supplementary Figure 3. P-axes of interface thrust events. Inset contains rose histogram 
showing frequency of P-axes azimuths in bins of 10º. 
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672 Y. ASANO et al.: AFTERSHOCK DISTRIBUTION OF THE 2011 TOHOKU EARTHQUAKE

Fig. 3. Spatial distribution of CMTs of (a) interplate aftershocks, (b) non-interplate aftershocks in the hanging wall, and (c) non-interplate aftershocks
in the foot wall. Symbols are the same as in Figs. 2(a) and (b). The black and pink contours respectively denote coseismic and postseismic slip
estimated from GPS data observed in a period from March 11 9:00 to May 11 18:00, 2011 (Geospatial Information Authority of Japan, 2011). The
contour intervals for coseismic and postseismic slip were 8.0 and 0.4 m, respectively.

has estimated the spatial distribution of coseismic and post-
seismic slip from GPS data. They showed that the large co-
seismic slip (>8 m) area extended from off southern Iwate
to off Fukushima and that its largest peak (>24 m) was
located off Miyagi. The epicenter distribution of the 315

interplate aftershocks does not overlap with this large co-
seismic slip area (Fig. 3 (a)). This suggests that the large
coseismic slip area, which is thought to correspond to the
mainshock asperity, can no longer slip in the form of af-
tershocks due to the large amount of the stress release dur-
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Supplementary Figure 4. Interface thrust events plotted together with published coseismic slip models. Features are same of Figure 3a.  
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Seismically-released Afterslip (SRA) Modelling 

SRA model. In order to calculate the fault slip of each event, we used equations from 
scaling relations for subduction zones [Blaser et al., 2010] and obtained the slip by 
solving the equation for seismic moment [Aki, 1966] considering an average shear 
modulus µ=39 GPa. The average µ was calculated from solving the equation for S-
wave velocity, considering an average S-wave velocity of 3.58 km/s at megathrust 
seismogenic depths [Haberland et al., 2009] and a density of 3050 kg/m3 for the 
seismogenic slab [Tassara et al., 2006]. 
For instance, the scaling relations for length and width of a thrust fault in a subduction 
environment are [Blaser et al., 2010]: 
 

log10 L = -2.37 + 0.57Mw and log10 W = -1.86 + 0.46Mw 
 

where L and W are the length and width of the fault respectively and Mw is the 
moment magnitude of the earthquake calculated through the moment tensor inversion. 
Now, with the obtained length and width, we can calculate the area of the rupture, 
which is then replaced in the seismic moment equation [Aki, 1966]: 
 

! ! !!!
!" 

 
where s is the slip of the fault, Mo is the seismic moment (calculated from the 
moment magnitude), ! is the shear modulus and A is the area of the rupture. 
 
 
Distribution of aftershocks. To quantify the spatial distribution of aftershocks 
relative to the areal distribution of coseismic slip, we defined the ratio Rds (see main 
text), which measures the normalized seismicity relative to the areal density of ranges 
of coseismic slip. This quantification method is proposed by Hauksson [2011] to 
determine the distribution of seismicity in southern California relative to several 
geophysical parameters. We determined the value of coseismic slip from the model 
proposed by Moreno et al. [2012] at the epicentre of each aftershock by bicubic 
interpolation [Wessel and Smith, 1998]. We then counted the number of aftershocks 
located at a given range of coseismic slip, in this case, every 1 m. The more the 
resolution of the slip model, the smaller the ranges that can be used. Finally, we 
calculated the area covered by every considered range of slip (e.g. the area contained 
between the 3 and 4 m contour lines for the range between 3-4 m of slip) and 
computed the ratio Rds with the obtained values (green lines in Figures 4a and 4b). 
We also determined the cumulative distribution of aftershocks relative to the 
distribution of slip (black lines in Figures 4a and 4b), in a similar way to the 
aftershock distribution histograms proposed by Woessner et al. [2006]. 
Lastly, we created a set of 1000 randomly distributed catalogues of events to test the 
Rds values of a random distribution of aftershocks. We then plotted the 1 standard 
deviation values (red circles in Figures 4a and 4b) above and below Rds=1 (i.e. above 
and below average). 
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which is then replaced in the seismic moment equation [Aki, 1966]: 
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where s is the slip of the fault, Mo is the seismic moment (calculated from the 
moment magnitude), ! is the shear modulus and A is the area of the rupture. 
 
 
Distribution of aftershocks. To quantify the spatial distribution of aftershocks 
relative to the areal distribution of coseismic slip, we defined the ratio Rds (see main 
text), which measures the normalized seismicity relative to the areal density of ranges 
of coseismic slip. This quantification method is proposed by Hauksson [2011] to 
determine the distribution of seismicity in southern California relative to several 
geophysical parameters. We determined the value of coseismic slip from the model 
proposed by Moreno et al. [2012] at the epicentre of each aftershock by bicubic 
interpolation [Wessel and Smith, 1998]. We then counted the number of aftershocks 
located at a given range of coseismic slip, in this case, every 1 m. The more the 
resolution of the slip model, the smaller the ranges that can be used. Finally, we 
calculated the area covered by every considered range of slip (e.g. the area contained 
between the 3 and 4 m contour lines for the range between 3-4 m of slip) and 
computed the ratio Rds with the obtained values (green lines in Figures 4a and 4b). 
We also determined the cumulative distribution of aftershocks relative to the 
distribution of slip (black lines in Figures 4a and 4b), in a similar way to the 
aftershock distribution histograms proposed by Woessner et al. [2006]. 
Lastly, we created a set of 1000 randomly distributed catalogues of events to test the 
Rds values of a random distribution of aftershocks. We then plotted the 1 standard 
deviation values (red circles in Figures 4a and 4b) above and below Rds=1 (i.e. above 
and below average). 
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SRA model. In order to calculate the fault slip of each event, we used equations from 
scaling relations for subduction zones [Blaser et al., 2010] and obtained the slip by 
solving the equation for seismic moment [Aki, 1966] considering an average shear 
modulus µ=39 GPa. The average µ was calculated from solving the equation for S-
wave velocity, considering an average S-wave velocity of 3.58 km/s at megathrust 
seismogenic depths [Haberland et al., 2009] and a density of 3050 kg/m3 for the 
seismogenic slab [Tassara et al., 2006]. 
For instance, the scaling relations for length and width of a thrust fault in a subduction 
environment are [Blaser et al., 2010]: 
 

log10 L = -2.37 + 0.57Mw and log10 W = -1.86 + 0.46Mw 
 

where L and W are the length and width of the fault respectively and Mw is the 
moment magnitude of the earthquake calculated through the moment tensor inversion. 
Now, with the obtained length and width, we can calculate the area of the rupture, 
which is then replaced in the seismic moment equation [Aki, 1966]: 
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where s is the slip of the fault, Mo is the seismic moment (calculated from the 
moment magnitude), ! is the shear modulus and A is the area of the rupture. 
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of coseismic slip. This quantification method is proposed by Hauksson [2011] to 
determine the distribution of seismicity in southern California relative to several 
geophysical parameters. We determined the value of coseismic slip from the model 
proposed by Moreno et al. [2012] at the epicentre of each aftershock by bicubic 
interpolation [Wessel and Smith, 1998]. We then counted the number of aftershocks 
located at a given range of coseismic slip, in this case, every 1 m. The more the 
resolution of the slip model, the smaller the ranges that can be used. Finally, we 
calculated the area covered by every considered range of slip (e.g. the area contained 
between the 3 and 4 m contour lines for the range between 3-4 m of slip) and 
computed the ratio Rds with the obtained values (green lines in Figures 4a and 4b). 
We also determined the cumulative distribution of aftershocks relative to the 
distribution of slip (black lines in Figures 4a and 4b), in a similar way to the 
aftershock distribution histograms proposed by Woessner et al. [2006]. 
Lastly, we created a set of 1000 randomly distributed catalogues of events to test the 
Rds values of a random distribution of aftershocks. We then plotted the 1 standard 
deviation values (red circles in Figures 4a and 4b) above and below Rds=1 (i.e. above 
and below average). 
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Figure 3. Interface thrust events and SRA model. Interface events were defined as those located at depths within 13 km
(GCMT) and 6 km (this work) from the top of the slab respectively. Other features same as Figure 2. (a) Coseismic slip
model [Moreno et al., 2012] and interface thrust events colored by vertical distance from the top of the slab. Inset: histogram
of frequency of thrust events according to their nodal planes’ dip angles; dashed blue line indicates dip angle of mainshock
(megathrust plane). (b) Cumulative SRA. Inset: exponential relationship between calculated MW and slip. (c) Cumulative
SRA model for the 12-day period following the mainshock. Red contour lines show the 12-day postseismic afterslip model
proposed by Vigny et al. [2011] every 0.1 m. Inset: same as 3b, including 1s of slip from scaling relationships (blue and red
dots).
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Interface	
  thrust	
  events	
  and	
  SRA	
  model.	
  Interface	
  events	
  were	
  defined	
  as	
  those	
  located	
  at	
  depths	
  within	
  13	
  km	
  (GCMT)	
  and	
  6	
  km	
  (this	
  work)	
  from	
  the	
  top	
  of	
  the	
  
slab	
  respecJvely.	
  a)	
  Coseismic	
  slip	
  model	
  [Moreno	
  et	
  al.,	
  2012]	
  and	
  interface	
  thrust	
  events	
  colored	
  by	
  verJcal	
  distance	
  from	
  the	
  top	
  of	
  the	
  slab.	
  Inset:	
  histogram	
  
of	
  frequency	
  of	
  thrust	
  events	
  according	
  to	
  their	
  nodal	
  planes’	
  dip	
  angles;	
  dashed	
  blue	
  line	
  indicates	
  dip	
  angle	
  of	
  mainshock	
  (megathrust	
  plane).	
  b)	
  CumulaJve	
  
SRA.	
  Inset:	
  exponenJal	
  relaJonship	
  between	
  calculated	
  MW	
  and	
  slip.	
  c)	
  CumulaJve	
  SRA	
  model	
  for	
  the	
  12-­‐day	
  period	
  following	
  the	
  mainshock.	
  Red	
  contour	
  lines	
  
show	
  the	
  12-­‐day	
  postseismic	
  aEerslip	
  model	
  proposed	
  by	
  Vigny	
  et	
  al.	
  [2011]	
  every	
  0.1	
  m.	
  Inset:	
  same	
  as	
  3b,	
  including	
  1σ	
  of	
  slip	
  from	
  scaling	
  relaJonships	
  (blue	
  
and	
  red	
  dots).	
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Quanti"cation of Aftershocks Distribution 
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and !37.2"S, we do not observe such features, which indi-
cates that the geodetically-measured afterslip might occur
aseismically along deeper parts of the subduction interface.
Offshore, both models show general agreement in the dis-
tribution of afterslip, in particular in the area between the two
main patches of co-seismic slip (36"-37"S). However, for the
significant afterslip patch at !73.7"W/36.8"S, the SRA of
0.7 m is larger than the 0.4 m of afterslip inferred from geo-
detic observations. This discrepancy might be caused by

uncertainties in the scaling relationships (Figure 3c, inset) or
the applied smoothing in the geodetic slip inversion.
[20] It is important to highlight the release of most of the

seismic afterslip by several aftershocks with MW < 6.8
(cumulative equivalent MW = 6.92) in between the two main
patches of co-seismic slip (!36.8"S; Figures 3a and 3b), as
opposed to the possible occurrence of an event MW 7.5–8.0
in this area suggested by Lorito et al. [2011]. The afterslip in
this zone is a persistent feature observed throughout the
whole first year of postseismic activity.
[21] In order to quantify the correlation between the spatial

patterns of aftershock locations and the distribution of co-
seismic slip, we normalized the seismicity occurring in a
given range of slip (e.g., 4–5 m) relative to the areal density
of aftershocks for this slip range using a quantitative
approach [Hauksson, 2011]. Thus, we define the ratio Rds =
(Nds/Nt)/(Ads/At), where Nds is the number of aftershocks
occurring within a given range ds of slip, Nt is the total
number of aftershocks, Ads is the corresponding area covered
by the range ds of slip, and At is the total area covered by the
co-seismic slip (i.e., the area covered by the 0 m slip contour
line). If Rds > 1, the seismicity rate is considered to be greater
than average rate, while if Rds < 1, the seismicity rate is
smaller than the average rate. The utilization of an areal
normalization takes into account the inhomogeneous areal
distribution of co-seismic slip models, as opposed to simply
quantifying the cumulative distribution of aftershocks rela-
tive to co-seismic slip [e.g., Woessner et al., 2006].
[22] Figure 4a shows the obtained Rds values for after-

shocks located at interface depths (within 10 and 15 km
above and below the top of the slab respectively) from the
full catalog of aftershocks published by Rietbrock et al.
[2012] as a fraction S of maximum slip. We observe that
most of the aftershocks occur in areas with slip S > 0.3. A
high rate of aftershocks in the fractional slip range 0.4 < S <
0.75 is observed and another peak is seen for areas with high
slip (S > 0.85). On the other hand, the normalized distribu-
tion of large interface thrust aftershocks (Figure 4b) shows
that nearly 80% of these events occur in areas of moderate
slip 0.15 < S < 0.7 (i.e., slip between 2 and 11 m) rather than
in areas of high and low slip.
[23] Our results show that the largest (MW > 4) thrust

aftershocks occur along the megathrust plane in areas of
intermediate fractional slip (!0.2–0.7), around patches of
largest slip, accommodating stress increases resulting from
the earthquake rupture process. Taking into account the
whole magnitude range of aftershocks, a slightly different
picture emerges. Smaller magnitude aftershocks (M < 4)
occur predominantly in areas of larger co-seismic slip, and
are more loosely distributed laterally and in depth. Conse-
quently, they might be associated with processes in the
damage zone surrounding the megathrust plate interface, and
could be triggered by coseismically- released fluids [e.g.,
Nippress and Rietbrock, 2007].

4. Conclusion

[24] We determined RMT solutions from regional seismo-
grams based on a full waveform inversion technique. Addi-
tionally, we re-located GCMT solutions leading to a combined
catalog of 270 aftershock events. Thrust faulting dominates the
postseismic seismicity, with also increased normal faulting in
the outer-rise and Pichilemu area. SRA values obtained from

Figure 4. Histograms of aftershock distribution for (a) inter-
face events from expanded catalog published by Rietbrock
et al. [2012], (b) largest interface thrust events (as shown in
Figure 3a). Green line shows Rds values (left axis), blue line
corresponds to the cumulative percentage of Rds values (right
axis), black line is the cumulative percentage of events (right
axis). Red dots indicate one standard deviation values of Rds
for randomly distributed events test (see auxiliary material).
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patches of co-seismic slip (!36.8"S; Figures 3a and 3b), as
opposed to the possible occurrence of an event MW 7.5–8.0
in this area suggested by Lorito et al. [2011]. The afterslip in
this zone is a persistent feature observed throughout the
whole first year of postseismic activity.
[21] In order to quantify the correlation between the spatial

patterns of aftershock locations and the distribution of co-
seismic slip, we normalized the seismicity occurring in a
given range of slip (e.g., 4–5 m) relative to the areal density
of aftershocks for this slip range using a quantitative
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than average rate, while if Rds < 1, the seismicity rate is
smaller than the average rate. The utilization of an areal
normalization takes into account the inhomogeneous areal
distribution of co-seismic slip models, as opposed to simply
quantifying the cumulative distribution of aftershocks rela-
tive to co-seismic slip [e.g., Woessner et al., 2006].
[22] Figure 4a shows the obtained Rds values for after-

shocks located at interface depths (within 10 and 15 km
above and below the top of the slab respectively) from the
full catalog of aftershocks published by Rietbrock et al.
[2012] as a fraction S of maximum slip. We observe that
most of the aftershocks occur in areas with slip S > 0.3. A
high rate of aftershocks in the fractional slip range 0.4 < S <
0.75 is observed and another peak is seen for areas with high
slip (S > 0.85). On the other hand, the normalized distribu-
tion of large interface thrust aftershocks (Figure 4b) shows
that nearly 80% of these events occur in areas of moderate
slip 0.15 < S < 0.7 (i.e., slip between 2 and 11 m) rather than
in areas of high and low slip.
[23] Our results show that the largest (MW > 4) thrust

aftershocks occur along the megathrust plane in areas of
intermediate fractional slip (!0.2–0.7), around patches of
largest slip, accommodating stress increases resulting from
the earthquake rupture process. Taking into account the
whole magnitude range of aftershocks, a slightly different
picture emerges. Smaller magnitude aftershocks (M < 4)
occur predominantly in areas of larger co-seismic slip, and
are more loosely distributed laterally and in depth. Conse-
quently, they might be associated with processes in the
damage zone surrounding the megathrust plate interface, and
could be triggered by coseismically- released fluids [e.g.,
Nippress and Rietbrock, 2007].

4. Conclusion

[24] We determined RMT solutions from regional seismo-
grams based on a full waveform inversion technique. Addi-
tionally, we re-located GCMT solutions leading to a combined
catalog of 270 aftershock events. Thrust faulting dominates the
postseismic seismicity, with also increased normal faulting in
the outer-rise and Pichilemu area. SRA values obtained from

Figure 4. Histograms of aftershock distribution for (a) inter-
face events from expanded catalog published by Rietbrock
et al. [2012], (b) largest interface thrust events (as shown in
Figure 3a). Green line shows Rds values (left axis), blue line
corresponds to the cumulative percentage of Rds values (right
axis), black line is the cumulative percentage of events (right
axis). Red dots indicate one standard deviation values of Rds
for randomly distributed events test (see auxiliary material).
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Supplementary Figure 1. Relocation of GCMT events. Arrows start at GCMT position and 
end at relocated position showing GCMT solutions present a bias of 16 km in average 
towards SW direction. 
 

 

 

 
 
 
 

 
Supplementary Figure 2. Comparison of obtained magnitudes. Left plot shows local 
magnitudes [Rietbrock et al., 2012] versus MW obtained in this work. Right plot shows 
GCMT magnitudes versus this work’s magnitudes.  
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Supplementary Figure 5. Event example 1. Red seismogram is synthetic, black is real data. 
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Supplementary Figure 5. Event example 1. Red seismogram is synthetic, black is real data. 
 
 
 
 
 
 

0.6

0.7

C
or

re
la

tio
n

32 34 36 38 40 42 44 46 48 50

Depth (km)

Correlation vs Depth Plot

 

 
 

    
 

 
 

 

 
 

    
 

 
 

0

10

20

30

40

50

60

70

80

90

100
DC%

0.6

0.7

C
or

re
la

tio
n

32 34 36 38 40 42 44 46 48 50

Depth (km)

Correlation vs Depth Plot

 

 
 

    
 

 
 

 

 
 

    
 

 
 

0

10

20

30

40

50

60

70

80

90

100
DC%

!"#$%&!'()*+#&,&
Origin Time: 2010-04-14 11:11:48.05 
Centroid Time: +1.14 s  
Centroid Location: !34.80S  !71.82W 
Centroid Depth:  42 km 
Mw: 3.7   DC%: 77.3   CLVD%: 22.7 
Variance Reduction: 0.60 
Correlation: 69% 

0 10 20

km

72.4˚ 72˚ 71.6˚ 71.2˚

35.2˚

34.8˚

34.4˚

34˚

51B

65B
66B

67B

69B

100414_11:11

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

) 51B

NS

3.2841e 0071.727e 007

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

)

EW

2.3228e 0072.2762e 007

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

)

Time (Sec)

Z

2.6877e 0079.8426e 008

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

) 65B

NS

4.3026e 0071.7395e 007

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

)

EW

3.2589e 0073.6578e 007

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

)

Time (Sec)

Z

3.1491e 0072.5925e 007

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

) 66B

NS

8.6227e 0081.177e 007

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

)

EW

4.8693e 0073.3035e 007

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

)

Time (Sec)

Z

3.7524e 0072.4929e 007

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

) 67B

NS

3.3086e 0071.3949e 007

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

)

EW

1.6573e 0072.1385e 007

0 50 100 150 200 250
1

0

1

D
is

pl
ac

em
en

t (
m

)

Time (Sec)

Z

8.6993e 0081.0008e 007

 
 
Supplementary Figure 5. Event example 1. Red seismogram is synthetic, black is real data. 
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Supplementary Figure 5. Event example 1. Red seismogram is synthetic, black is real data. 
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Supplementary Figure 5. Event example 1. Red seismogram is synthetic, black is real data. 
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Supplementary Figure 6. Event example 2. Red seismogram is synthetic, black is real data. 
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Supplementary Figure 6. Event example 2. Red seismogram is synthetic, black is real data. 
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Supplementary Figure 6. Event example 2. Red seismogram is synthetic, black is real data. 
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Supplementary Figure 6. Event example 2. Red seismogram is synthetic, black is real data. 
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Supplementary Figure 6. Event example 2. Red seismogram is synthetic, black is real data. 
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