
Auxiliary Material

GPS-derived interseismic coupling on the subduction and seismic hazards in the Atacama
region, Chile

1 Detail of GPS data set

We combine data from 17 different surveys conducted every six months from May 2004 to December
2011, and once in 2012. Because the network is large and composed of 80 benchmarks, only parts of

Figure 1:Left : time series of four continuous stations of our Norte Chico network imaging the coseismic and
postseismic signal associated to Maule event on the North component, if so. Right : coseismic jump measured
on permanent stations by Vigny et al. (2011) (orange vectors), and interpolated jump on each benchmark (black
arrows).
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it were measured during the surveys (see details of the measurements on table 2). We process each
survey independently and calculate the repeatabilities on each component of the benchmarks positions
(table 5) : repeatabilities on the horizontal components are hardly higher than 2 mm/yr, but they range
generally between 3 and 7 mm/yr for the vertical component due to tropospheric effects.

To combine all of these surveys and get purely interseismic velocities, we reject the positions
that were affected by either coseismic or postseismic motion south of La Serena (30◦S) since most
of the benchmarks therein were sufficiently measured before 2010 to obtain accurate interseismic
velocities. We started measuring the central part of the network (from La Serena to Vallenar, 30◦S to
28.5◦S) in 2008 and the Atacama network (28.5◦S to 25.5◦S) since 2010. Therefore, we calculate the
theoretical coseismic jumps associated with the Maule earthquake on the benchmarks of the central
network in order to combine the pre-Maule surveys with the post-Maule ones. We use the published
coseismic jumps on permanent GPS stations of the French-Chilean network (Vigny et al., 2011) and
estimate the jump on each benchmark by interpolation of those data (figure 1). Finally, we apply these
coseismic motions in our global combination (table 2). We used nine continuous stations from IGS
(International GNSS Service), RAMSAC (Red Argentina de Monitoreo Satelital Continuo) or RBMC
(Rede Brasileira de Monitoramento Continuo) networks to define the stable South America, and we
fix their horizontal velocities to the ITRF08 estimates (see table 2 and figure 2,Altamimi et al., 2007).
Vertical velocities from these fiducial stations were also used to define the reference frame but their
weight is decreased ten times compare to the well constrained horizontal velocities. We then rotate

Figure 2: Large scale network and far field velocities. Dots show locations of GPS stations. Arrows depict
their horizontal velocities with respect to a reference frame fixed on the South-America plate tied by the red-
dot stations. Bold numbers aside the arrows indicate the velocity in mm/yr. Ellipses depict the region of 99%
confidence.

2



the horizontal interseismic velocities into the stable South America reference frame defined by the
NNR-Nuvel1A pole (25.4◦S, 124.6◦S, 0.11◦/Myr) (tables 1 and 2, DeMets, 1994).

We combined our new data set with the older CAP and SAGA velocities (Brooks, 2003; Khaz-
aradze, 2003). We rotate them in the same reference frame, i.e. the South American plate defined by
NNR-Nuvel1A. To do so, we apply the poles published by Métois et al. (2012) to each data set, in
order to share a common reference frame.

2 Vertical data set

It is unusual to use vertical velocities derived from campaign measurements since they can not be
easily corrected from seasonal variations or meteorological phenomenon that can deeply impact the
overall trend. Furthermore, because the vertical velocities of fiducial stations are often given a lower
weight than the horizontal data in the GLORG procedure to define the reference frame (see section
1), the vertical velocities over the network can change by several mm/yr depending on the parameters
used to built the stable South America. However, we think that our data provide sufficiently long
time-series to get the big picture of the vertical deformation. We compare thesevertical velocities
with the ones calculated using continuous time-series that are being analysedand find in general a
good agreement considering uncertainties of±2mm/yr. Therefore, these data should be used, but
with precaution, keeping in mind that the formal errors given in table 3 may be largely underestimated
(there is no estimation of colored noise or long-term biases). Future work on continuous time-series
will precise the overall vertical motion of the margin.

We selected the more reliable vertical velocities based on the quality criteria detailed by Métois
et al. (2012). We rejected the velocities based on less than 2-year time spanmeasurements, less than
3 distinct measurements, the velocities with uncertainties larger than 4.5 mm/yr or withnormalized
RMS (Root Mean Square) greater than 2, unrealistic high velocities (upliftlarger than 10 mm/yr for
Andean sites), and velocities from survey sites that differ significantly from those of nearby cGPS
stations (see table 3).

SITE Position Velocity-ITRF08 Velocity-NNR Uncertainties r
Lon. Lat. Vlon Vlat Vlon Vlat σlon σlat

3CRX 289.068 -29.376 18.65 18.96 20.01 10.06 1.32 1.32 -0.009
ABOL 288.893 -28.967 25.52 17.51 26.93 8.63 1.22 1.22 -0.010
AGRD 288.946 -29.500 16.93 20.26 18.26 11.37 1.32 1.32 -0.009
AGUA 289.193 -30.982 21.34 17.81 22.48 8.89 1.11 1.11 -0.010
ALUM 293.403 -27.323 -0.01 10.86 1.96 1.49 1.97 1.97 -0.002
ANDA 288.930 -30.278 19.27 19.26 20.49 10.37 0.90 0.91 -0.015
ATOR 289.045 -29.638 20.07 19.79 21.39 10.89 1.22 1.21 -0.010
BARQ 289.121 -27.514 22.89 18.49 24.52 9.58 1.50 1.49 -0.009
BATF 320.257 -17.555 -10.03 13.35 -5.33 2.35 1.32 1.35 -0.011
BING 289.141 -27.134 26.93 16.46 28.62 7.55 1.47 1.47 -0.009
BSAR 288.589 -28.816 29.45 20.90 30.86 12.05 1.21 1.21 -0.010
BSJL 288.662 -30.687 20.96 17.64 22.10 8.79 0.91 0.91 -0.016

CANG 288.824 -28.277 27.04 17.92 28.54 9.05 1.99 1.99 -0.008
CATA 294.226 -28.471 -1.18 13.32 0.71 3.87 1.98 1.98 -0.002
CENT 288.793 -30.962 21.85 18.43 22.96 9.56 0.90 0.91 -0.016
CHAN 288.972 -30.897 21.33 18.28 22.46 9.39 0.91 0.91 -0.015
CHAP 289.500 -29.853 16.67 16.42 18.00 7.47 0.91 0.91 -0.015
CHAR 289.339 -26.369 27.77 16.52 29.58 7.59 1.48 1.48 -0.010
CHIN 288.877 -31.488 21.72 15.61 22.76 6.73 1.29 1.29 -0.007
CHIP 288.786 -31.115 23.34 18.83 24.43 9.96 0.95 0.95 -0.015
CHR1 289.469 -26.357 26.88 15.01 28.70 6.06 1.47 1.47 -0.008
CMOR 289.204 -30.205 18.77 19.69 20.02 10.77 1.24 1.24 -0.006
CNFL 288.711 -31.672 21.98 16.56 22.98 7.70 1.29 1.29 -0.008
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COGO 289.025 -31.153 21.27 17.32 22.37 8.42 1.06 1.06 -0.012
CONA 289.850 -28.975 19.09 15.40 20.57 6.41 1.49 1.48 -0.010
COP2 289.177 -27.357 25.00 18.03 26.66 9.12 1.48 1.48 -0.010
COP3 289.317 -27.358 23.38 18.07 25.05 9.14 1.48 1.48 -0.011
COP5 289.984 -27.271 19.48 14.33 21.21 5.33 1.50 1.49 -0.010
CTAL 288.330 -30.929 27.30 22.05 28.38 13.23 0.79 0.79 -0.021
CZBA 288.857 -28.063 21.57 18.51 23.10 9.63 2.03 2.01 -0.010
DGAL 289.986 -26.387 23.94 12.19 25.79 3.19 1.52 1.54 -0.010
DOME 289.114 -28.959 24.22 16.57 25.64 7.66 1.22 1.21 -0.009
EALM 288.570 -31.413 22.29 17.29 23.32 8.45 1.07 1.06 -0.011
EMAN 288.815 -30.175 18.39 18.89 19.62 10.02 0.90 0.91 -0.015
ESAU 288.316 -30.511 22.69 20.69 23.83 11.88 0.79 0.79 -0.021
ESPI 288.545 -31.220 23.95 18.93 25.00 10.09 0.90 0.91 -0.016
ETRA 289.714 -28.865 18.87 18.87 20.35 9.90 1.49 1.48 -0.001
FREI 288.980 -28.564 26.55 16.99 28.02 8.10 1.32 1.32 -0.009
FRTN 289.555 -28.522 21.49 17.87 23.01 8.91 1.52 1.51 -0.007
FUND 289.149 -30.383 17.85 19.06 19.07 10.15 0.91 0.91 -0.016
HERA 288.621 -29.998 18.66 18.59 19.90 9.74 0.90 0.91 -0.015
HGRT 288.684 -28.944 25.14 20.29 26.53 11.43 1.21 1.21 -0.010
HORN 288.688 -29.679 19.58 19.28 20.87 10.42 1.22 1.22 -0.010
HUA0 288.778 -28.478 32.18 18.49 33.65 9.62 1.52 1.52 -0.008
INCA 288.935 -29.242 19.74 18.53 21.11 9.64 1.22 1.22 -0.010
LAMB 288.884 -29.830 16.09 19.74 17.37 10.86 2.16 2.14 -0.008
LAPU 290.273 -27.109 19.87 12.33 21.64 3.29 2.01 2.00 -0.008
LCAN 288.560 -30.789 21.22 18.16 22.34 9.32 0.95 0.95 -0.014
LCHO 288.739 -29.277 19.59 19.77 20.94 10.91 1.32 1.32 -0.009
LISL 288.989 -31.061 21.58 17.85 22.69 8.96 1.21 1.20 -0.006

LMOL 289.542 -30.742 18.25 17.09 19.45 8.14 0.91 0.91 -0.015
LPER 288.749 -30.365 17.75 20.15 18.94 11.29 0.91 0.91 -0.016
MPAT 288.987 -30.702 20.61 19.09 21.77 10.20 1.01 1.01 -0.014
NIPA 288.534 -30.469 20.71 18.31 21.87 9.47 1.11 1.11 -0.011
OVEJ 288.806 -31.293 21.60 18.53 22.66 9.66 0.90 0.91 -0.016
PACH 288.405 -30.457 21.01 17.82 22.16 9.00 0.95 0.95 -0.014
PALD 288.394 -30.309 23.86 21.37 25.03 12.55 2.14 2.13 -0.007
PCHO 288.542 -29.254 23.06 20.31 24.40 11.47 1.21 1.21 -0.010
PIDN 288.786 -30.815 21.66 18.48 22.79 9.61 0.90 0.91 -0.016
PLTT 289.200 -26.881 26.70 16.23 28.43 7.31 1.50 1.48 -0.011
PNAZ 289.346 -26.148 27.10 14.98 28.94 6.05 1.48 1.48 -0.009
POAL 308.880 -30.074 -0.99 12.10 1.98 1.51 1.11 1.10 0.000
POBR 288.496 -30.591 20.74 18.79 21.88 9.95 0.90 0.91 -0.016
POTR 290.542 -26.374 23.81 12.20 25.71 3.13 1.48 1.48 -0.008
PPLY 289.649 -29.180 16.63 16.90 18.06 7.93 1.27 1.25 -0.009
PTOM 288.428 -31.532 24.53 17.51 25.53 8.68 0.91 0.91 -0.016
PVEJ 289.060 -27.341 25.53 16.90 27.18 8.00 1.47 1.47 -0.010
SALD 289.658 -26.423 26.44 15.31 28.27 6.34 1.48 1.48 -0.009
SFLX 289.542 -28.933 20.35 16.23 21.81 7.28 1.27 1.26 -0.019
SGER 289.087 -29.892 18.09 17.51 19.38 8.61 1.29 1.29 -0.008
SPED 288.606 -31.015 22.55 18.29 23.64 9.44 0.90 0.91 -0.016
TAHU 288.958 -30.477 18.93 18.47 20.12 9.58 0.90 0.91 -0.015
TINC 289.294 -26.615 26.31 15.70 28.08 6.77 1.46 1.46 -0.009
TOFO 288.762 -29.459 20.30 19.48 21.63 10.61 1.22 1.22 -0.010
TONG 288.498 -30.249 20.18 18.03 21.37 9.19 1.08 1.08 -0.002
TOT2 289.012 -27.870 20.49 18.09 22.06 9.20 1.48 1.48 -0.011
TOT3 289.115 -27.912 22.27 18.87 23.85 9.96 1.48 1.49 -0.011
TOT4 289.387 -27.977 20.82 17.28 22.41 8.34 1.49 1.49 -0.011
TOT5 289.660 -27.951 17.55 17.80 19.16 8.83 1.49 1.49 -0.009
VARI 289.250 -30.741 17.92 18.67 19.10 9.75 1.11 1.11 -0.010

Table 1: Horizontal velocities in mm/yr on our campaign network. Vlat
and Vlon are given either in the ITRF 2008 reference frame (columns
3 and 4), or in the NNR-Nuvel1A South-America fixed referenceframe
(columns 5 and 6).
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SITE Position Velocity-ITRF08 Velocity-NNR Uncertainties r
Lon. Lat. Vlon Vlat Vlon Vlat σlon σlat

AZULa 300.119 -36.767 0.27 12.19 1.65 2.20 1.47 1.46 -0.002
BRAZ∗i 312.122 -15.947 -4.25 12.10 0.10 1.35 0.66 0.65 0.000
BRFT∗i 321.574 -3.877 -4.96 12.95 0.22 1.93 0.62 0.60 0.050
BTONf 288.513 -30.263 19.33 18.13 20.52 9.29 1.19 1.19 -0.009
CEEUb 321.574 -3.878 -6.51 9.48 -1.33 -1.54 1.61 1.56 -0.026
CFAGi 291.767 -31.602 11.33 12.92 12.59 3.72 0.84 0.84 -0.017
CHPI∗i 315.015 -22.687 -3.22 11.82 0.85 0.95 0.65 0.64 -0.007
CMBAf 289.001 -31.188 21.12 17.89 22.21 9.00 1.29 1.29 -0.008
CRZLf 288.590 -29.102 25.16 20.69 26.52 11.84 1.11 1.11 -0.013
CUIB∗b 303.930 -15.555 -4.10 11.21 -0.13 0.93 0.70 0.70 0.001
EMATf 288.337 -31.147 29.25 18.41 30.30 9.59 0.90 0.91 -0.016
GLPSi 269.696 -0.743 48.40 10.40 53.53 4.17 0.92 0.93 0.002
ISPA∗i 250.656 -27.125 67.55 -5.33 67.36 -8.24 0.39 0.37 -0.108
JUNTf 289.906 -29.977 16.51 16.60 17.85 7.60 1.47 1.47 -0.006

KOUR∗i 307.194 5.252 -6.15 12.77 -0.61 2.27 0.59 0.62 -0.020
LHCLi 294.405 -38.003 0.78 11.10 1.41 1.63 0.92 0.91 -0.017
LPGS∗i 302.068 -34.907 -0.09 11.91 1.71 1.76 0.75 0.75 0.015
LSCHf 288.754 -29.908 19.02 19.19 20.28 10.32 1.19 1.19 -0.009
LVIL f 288.486 -31.909 23.65 17.18 24.60 8.35 0.90 0.91 -0.017

MABA b 310.878 -5.362 -4.44 14.15 0.52 3.45 1.15 1.14 -0.018
MSCGb 305.459 -20.441 -4.75 10.41 -1.15 0.02 1.03 1.03 -0.005
MTCOb 304.544 -10.804 -5.21 9.63 -0.79 -0.70 1.32 1.31 -0.008
MZACa 291.124 -32.895 9.50 13.43 10.53 4.30 0.99 0.99 -0.014
MZAEa 291.850 -33.255 5.93 11.16 6.97 1.95 1.46 1.46 -0.006
NAUSb 299.945 -3.023 -4.84 12.63 0.15 2.65 0.88 0.86 0.004
OVLLf 288.796 -30.604 20.68 19.10 21.84 10.23 0.90 0.90 -0.016
PARAb 310.769 -25.448 -0.37 13.41 3.17 2.72 1.36 1.35 -0.007
PEDRf 289.311 -30.839 20.23 19.33 21.40 10.40 1.19 1.19 -0.009
PFRJf 288.365 -30.675 22.93 18.02 24.05 9.20 1.19 1.19 -0.010
PORTf 289.870 -32.835 18.25 16.39 19.18 7.40 0.90 0.90 -0.017
POVE∗b 296.104 -8.709 -6.05 11.29 -1.68 1.65 0.74 0.73 -0.005
RCSDf 288.387 -33.654 26.87 21.90 27.55 13.08 1.98 1.98 -0.004
RIOG∗i 292.249 -53.785 3.47 11.11 1.69 1.86 0.54 0.54 0.017
ROBLf 288.985 -32.976 22.25 19.60 23.08 10.71 1.98 1.97 -0.004
SALUb 315.788 -2.593 -5.56 10.88 -0.40 -0.01 1.36 1.34 -0.032
SANTi 289.331 -33.150 21.74 16.43 22.58 7.50 0.90 0.90 -0.018
SAVOb 321.568 -12.939 -5.10 12.10 -0.15 1.08 1.00 1.02 -0.023
SILLf 289.261 -29.255 19.42 15.91 20.81 6.99 1.11 1.11 -0.013

SLMCf 289.037 -31.777 20.32 17.87 21.33 8.97 0.76 0.76 -0.024
SRLPa 295.720 -36.621 -1.03 9.58 -0.08 -0.02 2.00 1.99 -0.001
TEROa 295.743 -27.789 -2.58 13.25 -0.49 3.65 1.98 1.97 -0.002
TOLOf 289.194 -30.170 17.80 19.37 19.06 10.45 0.99 0.99 -0.013
TOPLb 311.669 -10.171 -5.87 11.87 -1.17 1.14 1.05 1.04 -0.017
TUCUa 294.770 -26.843 3.03 10.93 5.17 1.42 0.90 0.90 -0.010
UCORa 295.806 -31.435 3.49 12.28 5.12 2.67 0.99 0.98 -0.010
UNROa 299.372 -32.959 1.52 11.89 3.28 1.96 0.99 0.98 -0.008
UNSJa 291.423 -31.541 9.80 13.40 11.04 4.24 1.28 1.28 -0.007
VALN f 288.365 -33.028 27.92 21.43 28.69 12.61 1.11 1.11 -0.013
VALL f 289.236 -28.572 23.95 16.73 25.44 7.81 1.32 1.32 -0.012
VBCAa 297.731 -38.701 2.55 12.38 3.44 2.59 1.00 0.99 -0.011
VNEVf 289.751 -33.354 18.06 15.60 18.90 6.62 0.90 0.90 -0.018

Table 2:Horizontal velocities in mm/yr on permanent stations used to stabilize the processing. Sites used to
constrain the reference frame are marked by the∗ symbol. Note that only pre-Maule data from LPGS were used
to constrain the reference frame. Stations are either from IGS networki, French-Chilean networkf , RAMSAC
Argentine networka, or RBMC Brazilian networkb.
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SITE Position Vup σup

Lon. Lat. mm/yr
3CRX 289.068 -29.376 0.01 1.69
ABOL 288.893 -28.967 2.84 1.59
AGRD 288.946 -29.500 5.64 1.71
AGUA 289.193 -30.982 2.20 1.40
ANDA 288.930 -30.278 5.91 1.03
ANTC 288.468 -37.339 3.59 1.01
BSAR 288.589 -28.816 -7.23 1.49
BSJL 288.662 -30.687 1.37 1.17
BTON 288.513 -30.263 1.04 1.38
CENT 288.793 -30.962 8.15 1.06
CHAN 288.972 -30.897 3.17 1.07
CHAP 289.500 -29.853 7.20 1.09
CHIN 288.877 -31.488 5.86 1.75
CHIP 288.786 -31.115 7.05 1.12

CMBA 289.001 -31.188 2.36 1.54
CNFL 288.711 -31.672 2.98 1.60
COGO 289.025 -31.153 7.88 1.26
CONA 289.850 -28.975 2.11 2.44
CONS 287.588 -35.331 1.77 0.99
CONZ 286.975 -36.844 -0.02 1.00
COPO 289.662 -27.385 2.83 1.26
CRZL 288.590 -29.102 -0.55 1.21
CTAL 288.330 -30.929 -3.44 0.89
DOME 289.114 -28.959 4.72 1.52
EALM 288.570 -31.413 1.76 1.31
EMAN 288.815 -30.175 4.01 1.05
EMAT 288.337 -31.147 -2.26 1.02
ESAU 288.316 -30.511 1.66 0.89
ESPI 288.545 -31.220 2.24 1.04
ETRA 289.714 -28.865 1.08 2.52
FREI 288.980 -28.564 -0.18 1.72
FUND 289.149 -30.383 5.87 1.09
GLPS 269.696 -0.743 -4.00 1.20
HERA 288.621 -29.998 1.68 1.04
HGRT 288.684 -28.944 -3.57 1.51
HORN 288.688 -29.679 4.92 1.56
INCA 288.935 -29.242 -0.30 1.74
ISPA 250.656 -27.125 1.16 0.95

LCAN 288.560 -30.789 4.20 1.09
LCHO 288.739 -29.277 -5.22 1.68
LMOL 289.542 -30.742 3.74 1.08
LPER 288.749 -30.365 5.80 1.05
LSCH 288.754 -29.908 0.94 1.37
LVIL 288.486 -31.909 4.00 1.00

MAUL 289.179 -35.810 0.87 1.00
MPAT 288.987 -30.702 2.72 1.22
NIPA 288.534 -30.469 3.04 1.34
OVEJ 288.806 -31.293 5.23 1.06
OVLL 288.796 -30.604 5.26 0.99
PACH 288.405 -30.457 -2.52 1.09
PCHO 288.542 -29.254 -1.70 1.46
PEDR 289.311 -30.839 2.66 1.37
PFRJ 288.365 -30.675 1.59 1.37
PIDN 288.786 -30.815 4.54 1.10
POBR 288.496 -30.591 3.86 1.05
PORT 289.870 -32.835 7.28 0.98
PPLY 289.649 -29.180 8.49 2.57
PTOM 288.428 -31.532 1.90 1.08
SANT 289.331 -33.150 4.38 0.99
SFLX 289.542 -28.933 -3.12 2.30
SILL 289.261 -29.255 4.96 1.17
SJAV 288.267 -35.595 5.24 1.02
SLMC 289.037 -31.777 7.97 0.81
SPED 288.606 -31.015 3.40 1.03
TAHU 288.958 -30.477 4.00 1.08
TOFO 288.762 -29.459 1.98 1.54
TOLO 289.194 -30.170 5.81 1.10
TONG 288.498 -30.249 4.24 1.41
VALL 289.236 -28.572 2.03 1.53
VALN 288.365 -33.028 0.71 1.28
VARI 289.250 -30.741 4.08 1.37
VNEV 289.751 -33.354 3.21 0.99

Table 3:Vertical velocities in mm/yr selected on several quality criteria, for the inversion process.

6



SITE 04a 04b 05a 05b 06a 06b 07a 07b 08a 08b 09a 09b10a 10b 11a 11b 12
3CRX - - - - - - - - - - X X - X - X -
ABOL - - - - - - - - - X - X - X - X -
AGRD - - - - - - - - - - X X - X - X -
AGUA - - - - X X X X X X - X - - - - -
ALUM - - - - - - - - - X X X - - - - -
ANDA X X X X X X X X X X - X - - - - -
ATOR - - - - - - - - - X X X - X - X -
AZUL - - - - - - - X X X X X - - - - -
BARQ - - - - - - - - - - - - X - X - X
BATF - - - - - - - - - - - X X X X X X
BING - - - - - - - - - - - - X - X - X
BSAR - - - - - - - - - X X X - X - X -
BSJL X X X X X X X - - - - X - - - - -

CANG - - - - - - - - - - - - - - X - X
CATA - - - - - - - - - X X X - - - - -
CENT X X X X X X X X X X - X - - - - -
CHAN X X X X X X X X X X - X - - - - -
CHAP X X X X X X X X X X - X - - - - -
CHAR - - - - - - - - - - - - X - X - X
CHIN - - - - - - X X X X - X - - - - -
CHIP - X X X X X X X X X - X - - - - -
CHR1 - - - - - - - - - - - - X - X - X
CMOR X X X - - - X - - - - - - - - - -
CNFL - - - - - - X X X X - X - - - - -
COGO X X X X X X X X X - - - - - - - -
CONA - - - - - - - - - X X X - X - - -
COP2 - - - - - - - - - - - - X - X - X
COP3 - - - - - - - - - - - - X - X - X
COP5 - - - - - - - - - - - - X - X - X
CTAL X X X X X X X X X X - X - X - X -
CZBA - - - - - - - - - - - - - - X - X
DGAL - - - - - - - - - - - - X - X - X
DOME - - - - - - - - - X X X - X - X -
EALM X X X X X X X X X - - - - - - - -
EMAN X X X X X X X X X X - X - - - - -
ESAU X X X X X X X X X X - X - X - X -
ESPI X X X X X X X X X X - X - - - - -

ETRA - - - - - - - - - X X X - X - - -
FREI - - - - - - - - - - X X - X - X -
FRTN - - - - - - - - - - - X - X - X -
FUND X X X X X X X X X X - X - - - - -
HERA X X X X X X X X X X - X - - - - -
HGRT - - - - - - - - - X X X - X - X -
HORN - - - - - - - - - X X X - X - X -
HUA0 - - - - - - - - - - - X - X - X -
INCA - - - - - - - - - X X X - X - X -
LAMB - - - - - - - - - - - - - X - X -
LAPU - - - - - - - - - - - - - - X - X
LCAN - X X X X X X X X X - X - - - - -
LCHO - - - - - - - - - - X X - X - X -
LISL - - - - - X X X X X - X - - - - -

LMOL X X X X X X X X X X - X - - - - -
LPER X X X X X X X X X X - X - - - - -
MPAT X X X X X X X X X X - - - - - - -
NIPA - - - - X X X X X X - X - - - - -
OVEJ X X X X X X X X X X - X - - - - -
PACH - X X X X X X X X X - X - - - - -
PALD - - - - - - - - - - - - - X - X -
PCHO - - - - - - - - - X X X - X - X -
PIDN X X X X X X X X X X - X - - - - -
PLTT - - - - - - - - - - - - X - X - X
PNAZ - - - - - - - - - - - - X - X - X
POAL - - - - X X X X X X X X - - - - -
POBR X X X X X X X X X X - X - - - - -
POTR - - - - - - - - - - - - X - X - X
PPLY - - - - - - - - - X X X - X - X -
PTOM X X X X X X X X X X - X - - - - -
PVEJ - - - - - - - - - - - - X - X - X
SALD - - - - - - - - - - - - X - X - X
SFLX - - - - - - - - - X X X - X - X -
SGER - - - - - - X X X X X X - - - - -
SPED X X X X X X X X X X - X - - - - -
TAHU X X X X X X X X X X - X - - - - -
TINC - - - - - - - - - - - - X - X - X
TOFO - - - - - - - - - X X X - X - X -
TONG X X X X X X X X X - - - - - - - -
TOT2 - - - - - - - - - - - - X - X - X
TOT3 - - - - - - - - - - - - X - X - X
TOT4 - - - - - - - - - - - - X - X - X
TOT5 - - - - - - - - - - - - X - X - X
VARI - - - - X X X X X X - X - - - - -

Table 4:Table of measurement for each campaign since 2004.
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Campaign 04a 04b 05a 05b 06a 06b 07a 07b 08a 08b 09a 09b 10a 10b 11a 11b 12
North 1.4 1.2 1.2 2.0 0.7 1.3 0.9 1.4 0.8 1.4 1.1 1.2 1.0 1.3 0.9 1.2 0.8
East 1.4 1.6 2.6 2.4 1.6 1.9 1.4 2.4 1.2 1.5 1.5 1.7 1.6 2.0 1.7 2.5 1.3
Vert 4.4 4.8 5.3 7.3 3.2 5.4 3.8 6.2 4.0 5.2 4.3 4.7 4.8 4.6 3.5 4.3 4.5

Table 5:Repeatability for each campaign on North, East and verticalcomponents.

SITE Lon. Lat. North East Up
3CRX 289.068 -29.376 -6.67 -0.79 -1.6
ABOL 288.893 -28.967 -6.44 -0.39 -4.7
AGRD 288.946 -29.500 -7.17 -0.58 1.2
ATOR 289.045 -29.638 -7.17 0 2.6
BARQ 289.121 -27.514 -4.77 0.19 -2.7
BING 289.141 -27.134 -4.42 0 -2.4
BSAR 288.589 -28.816 -7.47 -0.86 -6.33
CANG 288.824 -28.277 -6.44 -0.51 -5
CHAR 289.339 -26.369 -3.06 0.39 -0.7
CHR1 289.469 -26.357 -2.64 0.86 0
COP2 289.177 -27.357 -4.53 0.25 -2.4
COP3 289.317 -27.358 -4.11 0.72 -1.8
COP5 289.984 -27.271 -2.5 1.95 -0.2
CZBA 288.857 -28.063 -6.14 -0.48 -4.6
DGAL 289.986 -26.387 -1.66 1.51 0.3
DOME 289.114 -28.959 -5.7 -0.25 -2.2
ETRA 289.714 -28.865 -3.67 1.32 0
FREI 288.980 -28.564 -6.11 0 -4.8
FRTN 289.555 -28.522 -3.64 1.35 -1.3
HGRT 288.684 -28.944 -7.59 -0.8 -6.4
HORN 288.688 -29.679 -8.03 -0.35 0
HUA0 288.778 -28.478 -6.84 -0.66 -5.5
INCA 288.935 -29.242 -7.01 -0.93 -1.3
LAPU 290.273 -27.109 -1.96 1.88 -0.5
LCHO 288.739 -29.277 -7.65 -0.82 -3.5
PCHO 288.542 -29.254 -8.41 -0.79 -5.53
PLTT 289.200 -26.881 -3.95 0.14 -1.8
PNAZ 289.346 -26.148 -2.84 0.28 -0.5
POTR 290.542 -26.374 -0.95 1.52 -0.2
PPLY 289.649 -29.180 -3.88 1.11 -0.7
PVEJ 289.060 -27.341 -4.82 -0.11 -2.9
SALD 289.658 -26.423 -2.12 1.51 0.7
SFLX 289.542 -28.933 -3.87 1.12 -1.8
TINC 289.294 -26.615 -3.39 0.37 -1.1
TOFO 288.762 -29.459 -7.67 -0.57 -1
TOT2 289.012 -27.870 -5.53 -0.1 -3.7
TOT3 289.115 -27.912 -5.25 0.25 -3.3
TOT4 289.387 -27.977 -3.9 1.32 -2.4
TOT5 289.660 -27.951 -3.25 1.74 0

Table 6: Applied coseismic jump (in mm) on North, East and Vertical direction on campain points located
north of 30◦S. Estimations from interpolation of coseismic jumps measured at permanent stations (Vigny et al.,
2011).
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3 Technical choices for modeling

The inversion procedure of the best models presented in Figure 5 of the main text is conducted using
556 independent observations to determine 356 (3-plate model with zero coupling below 80 km depth)
or 353 parameters (2-plate model with zero coupling below 80 km depth). For inversion purposes, we
force the rake of the backslip component to be parallel to the plate convergence velocity.

3.1 Slab geometry

In this region, the slab dip angle gradually increases from 10◦ at shallow depth to 25◦ at 45 km depth
(e.g. Pardo et al., 2012; Marot et al., 2013). Between 26◦ and 33◦S, the slab curvature reverses and
the slab becomes flat below 100 km depth. We chose to fix the slab geometry rather than to invert
it because of the trade-of between slab geometry and coupling depth and intensity (e.g. Chlieh et al.,
2011; Métois et al., 2013). Therefore, we use a simple geometry with an homogeneous along-dip angle
that slightly varies with latitude from 15◦ in the southern part of the network to 20◦ in the flat-slab
area. The deep flat-slab is modeled by a 2◦ dipping section of the slab below 100 km depth. Anyway,
being deeper than 100 km depth, the ‘flat-slab” has no influence on the upper plate deformation in the
elastic back-slip framework.

3.2 Sensitivity and resolution

We estimate the sensitivity of both our horizontal and vertical data sets to unit displacements on
each node of the grid by summing the horizontal deformation on the whole network as suggested
by Loveless and Meade (2011) (see figure 3). The “power” of our horizontal data to constrain the
coupling on the interface is high from 7 km depth to more than 70 km depth in the densest part of
our network, i.e. from 33◦S to 26◦S. Coupling deeper than 80 km depth on the interface is quite
unlikely and impacts the predicted vertical deformation pattern. Thus, we impose zero coupling at
nodes deeper than 80 km. The sensitivity to coupling is maximal under the Tongoy peninsula where
the coast is very near the trench (70 km), and minimal under the main Cordillera, since there is a
gap of measurements between the Chilean network and the Argentine one. Vertical data increase
the sensitivity to coupling under the Tongoy peninsula and to deep coupling.This is consistent with
the fact that the vertical elastic deformation is mainly constrained by the width ofthe intermediate
coupling zone beneath the locked zone (Okada, 1985; McCaffrey, 2002).

We lack resolution mainly along the edges of our model (from 26◦S to 25◦S, and south of 33◦S)
and in the very shallow part of the subduction interface (from surface to∼7 km depth). This is
why constraining the coupling value on these nodes to 0% or 100% does not impact the nRMS of
the inversion (see supp. Figure 4). Checkerboard tests presented in supp. Figure 5 confirms that
our network is able to picture accurately variations of the coupling coefficient both along-strike and
along-dip if located on the subduction interface between 10 and 60 km depth.

3.3 Smoothing constrains

To reduce numerical instabilities, we apply a smoothing coefficient (gradient type) along each line of
nodes that reduces the lateral variability of coupling. We quantify the smoothing amount by fixing in
the program the allowed roughness of the coupling distribution, given in maximal coupling variation
by degree of latitude (/◦). In order to avoid patchy instabilities in the deep unresolved part of the
interface and following Métois et al. (2013), we impose a linear increase ofthe smoothing with depth
equivalent to an along-dip decrease in the roughness amount. However, note that we do not impose

9



A B

Figure 3:Sensitivity of horizontal (left) and vertical (right) datacollected over our network to unit coupling
on the 20◦ dipping slab. Each element of the interface is colored by thelog of the sum of the displacements (P
in mm/yr) at GPS stations (dots) due to unit slip on the nearest grid node.
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Figure 5:Checkerboard resolution tests. From left to right : coupling checkerboard pattern used to generate
a synthetic deformation field; coupling distribution retrieved by an inversion of the raw synthetic velocities
without smoothing constrain; coupling distribution retrieved by the inversion of the synthetic velocity field
in which random noise (±2 mm/yr in average) has been added; same but adding an increasing with depth
smoothing constrain (0.7/◦) which smears the small scale original checkerboard.

smoothing in the along-dip direction since it was not implemented in the 2007 Defnode version. Thus
we have small variations in the amount of coupling in the same column of nodes that are artifacts of
the modeling process.

We plot the normalized RMS associated to data versus roughness amount (i.e. the opposite of
smoothing) in supp. Figures 6 and 8 for instance. We also combine the increasing smoothing op-
tion with the Defnode down-dip decrease option (or “ddc”) that constrainthe coupling coefficient to
decrease with depth along one column of nodes. We tested several initial values for this smoothing
constrain (see figures 6, 7, 8, and 9) and conclude that the 0.7/◦ surface smoothing yields the best
compromise between smoothing and RMS (i.e no significant improvement of the RMS is obtained
using rougher solutions).

3.4 Nazca-South America relative motion

The direction and amplitude of the Nazca-South America convergence motion have been extensively
debated for years (e.g Norabuena et al., 1998; DeMets, 1994; Kendrick et al., 2003; Vigny et al., 2009).
This uncertainty is mainly due to the non-negligible discrepancy that exists between the geological
velocity calculated by the Nuvel 1-A model for the Nazca plate (DeMets, 1994) and the ones derived
using present-day GPS measurements (Norabuena et al., 1998; Kendrick et al., 2003; Vigny et al.,
2009). Both calculations lead to velocities that differ by nearly 15%. This could be the result of a
decrease in the convergence velocity between both plates since 3 Myr. The more recent “geological”
model using a shorter time span of 0.76 Myr (MORVEL, DeMets et al., 2010) falls halfway between
Nuvel 1-A and GPS values (Altamimi et al., 2011) and concur with this idea of aprogressive slowing
down of the convergence. We summarize in table 7 some of the poles that havebeen proposed to
describe the Nazca-South America motion.

In our modeling, we do not invert for the relative motion between Nazca andSouth American
plate. In our best models, we chose to use the pole calculated by Vigny et al.(2009) using GPS
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Model source rotation pole 〈velocity〉
(N,E,◦/Myr) (mm/yr)

Nuvel 1-A (DeMets, 1994) 56.0 -94.0 0.720 80.0
MORVEL (DeMets et al., 2010) 54.9 -98.0 0.666 73.9

GPS1 (Norabuena et al., 1998) 47.4 -93.7 0.624 68.3
GPS2 (Kendrick et al., 2003) 61.0 -94.4 0.570 63.3

GPS3-this study (Vigny et al., 2009) 55.9 -95.2 0.610 67.8
ITRF 2005 (Altamimi et al., 2007) 53.9 -87.5 0.605 67.0

Table 7: Summary of published poles for the Nazca-South America relative motion using either geological
methods (top) or GPS velocities only (bottom). The average velocity predicted by each pole at 30◦S (i.e the
center of our study area) is indicated in the last column (in mm/yr).

measurements in central Chile (55.9◦N, 95.2◦W, 0.610◦/Myr) that is quite similar to the ITRF rates
(±1mm/yr) and slightly lower than the MORVEL rate (-6mm/yr). Because a trade-off exists between
the value of the convergence between both plates and the amount of coupling on the subduction
interface, we tested the impact on our inversion of using the MORVEL and ITRF 2005 alternative
poles (see Alternative models section).
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4 Alternative models

We use the subset of alternative models that fit the data with a nRMS better than2.0 for the 3-plate
model and 2.8 for the 2-plate models, to define the uncertainty on the along strike variations of the
average coupling〈Φ〉 in figure 6. First, we used the “down-dip decrease” option of the DEFNODE
code to constrain the coupling coefficient to decrease with depth (McCaffrey, 2007), in order to get
the very first order of the coupling distribution for both the 2-plate and 3-plate models (supp. Figures
7 and 9). We also use the 2-plate and 3-plate models inverted using varying smoothing coefficient
presented in Figure 6.

In general, as shown in figure 5 of the main text, whatever the sliver motion orthe smoothing
coefficient used in the inversion, the lateral variations of the coupling coefficient on the subduction
interface are similar. Overall, the 2-plate models show higher and deeper coupling than the 3-plate
models, in particular north of Choros (29◦S) where our GPS network is sparser and where the motion
of the sliver is thought to be higher. The most robust feature seen in boththe 2-plate and 3-plate
alternative models is the clear decrease in coupling over the large La Serena bay (30◦S) located in
between two highly locked areas (the Metropolitan area to the South, and the Choros area to the
North).

The 3-plate alternative models presented in figures 8 and 9 exhibit similar coupling distributions
with some changes in the average coupling depending on the smoothing coefficient imposed due to
its influence on the inversion of the sliver motion. Overall, the lateral variations in the coupling distri-
bution remain stable. However, the roughest models show some high couplingpatches in the poorly
defined deep region of the interface, North of 28◦S. This is unclear whereas this patchy coupling dis-
tribution is really required by the data. In this case, this would suggest eitherdeep coupling on the
interface, potential accumulation of elastic deformation in an unidentified crustal fault, or regional
viscous deformation.

smoothing constrain NRMS rotation pole 〈V〉
(N,W,◦/Myr) (mm/yr)

0.3 1.89 -38.30 62.66 -0.33 5.93
0.5 1.82 -37.56 62.80 -0.33 5.61
0.7 1.76 -39.22 61.51 -0.25 5.28
0.9 1.74 -38.96 61.77 -0.26 5.19
0.7 lock1 1.89 -38.42 61.13 -0.26 5.40
0.7 lock2 1.92 -38.95 61.01 -0.25 5.19
0.7 lock3 1.98 -35.65 63.80 -0.41 5.69
0.3 ddc 1.99 -39.12 62.20 -0.35 6.68
0.5 ddc 1.86 -42.45 58.45 -0.21 5.57
0.7 ddc 1.82 -41.93 55.72 -0.20 5.34
0.9 ddc 1.81 -47.28 52.35 -0.13 5.06

Table 8:Normalized RMS, Andean sliver pole and average horizontal motion produced by block rotation on
our network, depending on the constrains imposed in each 3-plate model tested.

The alternative models obtained in the 3-plate configuration allow us to estimate thevariability of
the inverted rotation pole for the Andean sliver at these latitudes (table 8). We find that the rotation pole
is located in a quite narrow area located in the South Atlantic ocean, in the vicinity of the ‘Malouines”
islands, and that the rotation motion around it produces 5-5.5 mm/yr of deformation in average in
our network, with a slight decrease of 2mm/yr from North to South of our network. However, it is
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Figure 6:2-Plate model / varying smoothing valuesCoupling patterns inverted using different initial smooth-
ing values. Coupling is color coded as in Figure 5. The smoothing value and the normalized root mean square
relative to horizontal (hRMS) or vertical (vRMS) data are indicated in the upper right corner of each plot. We
plot the variations of nRMS with smoothing in the bottom right corner of the smoothest inversion
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Figure 7:2-Plate model / varying smoothing values / ddc constrainSame caption as figure 6, but with “ddc”
constrain that forces coupling to decrease with depth.
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Figure 8: 3-Plate model / varying smoothing valuesSame caption as figure 6 but for 3-plate models. The
sliver poles found for each inversion are listed in table 8.
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Figure 9:3-Plate model / varying smoothing values / ddc constrainSame caption as figure 8, but with “ddc”
constrain that forces coupling to decrease with depth.
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Figure 10: Coupling distribution inverted using various Nazca-SouthAmerica convergence velocities, with
0.7/◦ smoothing coefficient that increases with depth, no coupling allowed under 80 km depth, in a 3-plate
configuration. From left to right : coupling distribution obtained with increasing relative velocities described
by the ITRF 2005, Vigny et al. (2009) and MORVEL (DeMets et al., 2010) poles.

to note that we do not invert for the relative motion between Nazca and South American plate in our
modelling procedure.

4.1 Influence of relative plate motion on coupling distribution

In our best models, we chose to use the pole calculated by Vigny et al. (2009) using GPS measurements
in central Chile (55.9◦N, 95.2◦W, 0.610◦/Myr) that is quite similar to the ITRF rates (±1mm/yr) and
slightly lower than the MORVEL rate (-6mm/yr, see table 7). The impact of chosing one of these pole
to describe the relative motion of Nazca and South American plates has been explored in Métois et al.
(2013) for instance, and seems negligible. Figure 10 presents the coupling distributions inverted using
three different NazcaSouth-America relative poles. We find that fixing the rotation between Nazca
and South-American plates to a higher or lower convergence rate than∼68 mm/yr (estimated from
Vigny et al. (2009)) does neither change the details of the coupling distribution on the subduction
interface, nor the amount and direction of the inverted sliver motion (see table 9). In particular, the
lateral variations of the coupling are very similar: this gives us confidencein the fact that the lateral
segmentation is a stable feature. However, logically, we observe that the slower the convergence, the
higher the inferred average coupling and the deeper the highly coupled zones.
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Pole used 〈convergence〉 NRMS sliver rotation pole 〈rot〉
(mm/yr) (N,E,◦/Myr) (mm/yr)

Vigny et al. (2009) 67.8 1.76 -39.22 61.51 -0.25 5.28
ITRF 2005 67 2.00 -37.35 300.05 -0.27 6.05
MORVEL 73.8 1.89 -40.10 297.67 -0.25 5.22

Table 9:Average convergence between Nazca and South America, normalized RMS, Andean sliver pole and
average horizontal motion produced by block rotation on ournetwork, depending on the Nazca-South American
relative pole imposed in our 3-plate models (figure 10).
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Figure 11:Coupling distribution inverted using different data sets,with 0.7/◦ smoothing coefficient that in-
creases with depth, no coupling allowed under 80 km depth, ina 3-plate configuration. From left to right :
coupling distribution inverted using all available horizontal and vertical velocities, same but using only the
more recent data set published in this study (LiA-MdB), coupling distribution inverted using all available hori-
zontal velocities only.

4.2 Influence of vertical and horizontal data sets

As described in the “Detail of GPS data set” section of this supplementary material, we inverted jointly
old and recent horizontal data sets together with vertical velocities acquired since 2004. We tested
the impact of including these new vertical velocities in the inversion in figure 11 by comparing the
coupling distribution obtained by the joint inversion of horizontal and vertical data (i.e. our preferred
model) and the one obtained using horizontal velocities only. Again, the lateral variations of the
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coupling coefficient are stable whatever the data set used, but we can see strong variations in the
indepth extent of the highly coupled zones. Inverting both horizontal andvertical velocities leads to a
shallowing of the highly coupled zone on the subduction interface and to a narrowing of the downdip
transition zones. This is consistent with the fact that vertical velocities are mainly sensitive to the
downdip extent of coupling and to the width of the transition zone between highly coupled and freely
creeping portions of the interface.

We also inverted the coupling distribution on the subduction interface using only recent GPS data,
i.e. the so-called “LiA-MdB” data set acquired from 2004 to 2012 in this region, including vertical
and horizontal data (figure 11). The obtained coupling distribution is verysimilar to the one obtained
using all available data in the region. The major difference lays in the sliver motion inverted in both
models. Without using the far-field horizontal velocities provided by the old CAP and SAGA data
sets, the sliver motion is poorly constrained and the best rotation pole inverted by Defnode in this
case (2.77◦W, -61.33◦S, -0.12◦/Myr) produces∼9 mm/yr of eastward motion on average over our
network. This important eastward motion is neither consistent with the geological and paleomagnetic
studies (e.g. Arriagada et al., 2008) nor with the small current day instrumental seismicity. Therefore,
we think that the oldest CAP and SAGA data sets are useful to precisely determine the global motion
of the Andes but that they contribute less to the determination of the coupling distribution on the
interface.
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