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S1. GPS proccesing

68 continuous GPS (cGPS) were processed in South America (66 stations) and Nazca
(2 stations) Plates (Figures S1 and S2), from different networks that are listed below:

e 13 ¢GPS from the International GNSS service (www.igs.org): ANTC, AREQ,
BRAZ, BRFT, CHPI, GLPS, ISPA, KOUR, LPGS, RIO2, SANT, UFPR, UNSA.

e 3 ¢GPS from the Instituto Geografico Militar of Bolivia (www.igmbolivia.gob.bo):

SCRZ, URUS, YCBA.

e 11 ¢GPS from the Brazilian Network (RBMC-IP, www.ibge.gov.br): CUIB, MABA,
MSCG, NAUS, POAL, POVE, PRCV, ROCD, RSAL, SAVO, TOPL.

e 15 ¢GPS from Argentian National Network (RAMSAC, www.ign.gob.ar (Pinén et
al., 2018)) AZUL, BCAR, CATA, DINO, EBYP, ESQU, MAO1, NESA, PEJO, RWSN,
SLO1, TUCU, UNRO, UNSJ, VBCA

e 5 ¢GPS from the Chilean - French cooperation through LIA “Montessus de Ballore”
(www.lia-mb.net): CONS, JRGN, OVLL, UAPE, UDAT.

e 2 ¢GPS from the Ministerio de Bienes Nacionales of Chile (www.bienesnacionales
.cl): BN05, BN13

e 18 ¢GPS from the Centro Sismolégico Nacional de Chile (CSN, www.csn.uchile.cl
(Béez et al., 2018)): CHDA, CTPC, CUVI, DGF1, LVIL, MPLA, NAVI, PORT, QTAY,
RCSD, ROB1, QTAY, SLMC, TLGT, TRPD, UAIB, VALN, ZAPA.

All these data were processed in double differences using GAMIT 10.7 software to obtain
daily, 12 and 6 hours estimates of station positions, choosing ionosphere-free combination

and fixing the ambiguities to integer values. The precise orbits from the International
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GNSS Service for Geodynamics, precise EOPs from the IERS bulletin B, IGS tables to
describe the phase centers of the antennas, FES2004 ocean-tidal loading corrections, as
well as atmospheric loading corrections (tidal and non-tidal). We used precise orbits
from the International GNSS Service for Geodynamics, precise EOPs from the IERS
bulletin B, IGS tables to describe the phase centers of the antennas, FES2004 ocean-
tidal loading corrections, as well as atmospheric loading corrections (tidal and non-tidal).
One tropospheric vertical delay parameter and two horizontal gradients per stations are
estimated every 2 hours. Daily solutions and position time series are combined using
the PYACS software (Nocquet, 2017) in a regional stabilization process. The results are
mapped into ITRF 2014 reference frame (Altamimi et al., 2016) and then put in the
South-American frame using the Euler pole at —83.4° E, 15.2° N, and angular velocity

0.287°my ! (Nocquet et al., 2014).
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S2. Prediction error covariance matrix

We focus on prediction uncertainties due to inaccuracies in the Earth model. These
uncertainties are represented by the matrix C,. We note the forward model g(¥, m) for
a source model m, and Earth model parameters ¥ (i.e., P and S wave velocities, density).
We can estimate C,, empirically from an ensemble of random models ¥;, (i = 1,...,n)

as:

1

C. =
Pon—1

f (g(¥;, m) — g(¥,m))(g(¥;, m) — g(¥,m))", (1)

where g is the mean of the ensemble of predictions g(W¥;,m). In the following, we refer
to C, estimated in equation (1) as the empirical prediction error covariance matrix.
Alternatively, we can compute C, following a linearized perturbation approach. We
assume that our forward model g(¥, m) is well approximated by linearized perturbations

of our predictions. For an a priori Earth model ¥ we write:

g(¥,m)~g(¥ m)+Kg(P,m) (), (2)

where K‘I,(‘il7 m) is the sensitivity kernels of the predictions with respect to elastic pa-

rameters used to compute forward predictions:

Ko (¥, m) = ggj (&, m). (3)

In this first order approximation, we use the sensitivity kernel K\I,(\i’, m) to estimate the

covariance matrix C, (Duputel et al., 2014):
C, =Ky - Cy - Ky, (4)

where Cyg is the covariance matrix describing uncertainty in the Earth model. To analyze

both approaches, we consider a simple test case limited to an uncertain in S-wave velocity
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in a single layer (at 30 km depth) using the source parameters of the My, = 6.0 foreshock
on 2017-04-23 (see section 3 of the main text). For comparison, we calculate prediction
error covariance matrices Cp, using equation (1) and equation (4). We plot in Figure
S7 the diagonal components of both matrices for a representative station. We observe
that there is an overall good agreement between our first order C,, and the empirical Cp,
matrix. We notice some discrepancies in the variance amplitudes and a time-shift in the
late part of the waveforms (after 75s in Figure S7). To explore the origin of these effects,
we compare synthetic waveforms predicted from the stochastic models and the waveforms
calculated with the first order approach. The results shown in Figure S8 indicate that
the time-shift and amplitude difference in Figure S7 are related to the fact that the first
order approach is unable to perfectly reproduce large perturbations in the Earth model.

To correct these differences, we can also estimate a covariance matrix using a second

order approximation of the forward model as:

g, m) = g(F,m) + Ko (F,m) - (@ &)+ (- F) Hy(,m) (¥ - F), (5)

where Hy is the second order derivative with respect to the elastic parameters:

. g, =
Hg (¥, m) = W(‘I’,m)- (6)
J

The computation of H involves evaluating n? derivatives, where n is the number of elastic
parameters (e.g., 3 parameters per layer for a 1D Earth model). However, assuming
that cross-terms are negligible, we can reduce the number of 2nd order derivatives to be
evaluated to n.

As shown in Figure S7 and S8, some of the imperfections obtained with the first order

approach can be corrected by employing a second order approach neglecting cross-terms.
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In practice, these discrepancies are more significant when we apply larger perturbations
to the velocity model. Despite the fact that the inaccuracies of the first order approach
have been corrected, we notice in Figure S8 that the differences between the first and
second order approach are relatively small given the 1 Hz sampling frequency used in
our moment tensor inversions. Our tests show that the differences are more visible when

inverting waveforms with a higher sampling rate.
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Figure S1. Map of the GPS stations processed in South America and Nazca Plates. The red
stations are those ones used to define the Reference Frame, while the blue ones are just used
on the processing. The pink box denotes the study area (see Figure S2 to look at the stations

processed in this region).
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Figure S2. Map of the GPS stations processed in the study area.
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Figure S3. GPS time series for the Valparaiso region network for north and east component.

The images show the time series before and after the mainshock (green line) of the sequence.
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Figure S4. Model variability of the P-wave, S-wave, and density as a function of depth in
Valparaiso region. Black line represents the velocity layered model used for Green’s Function
(GF) calculation. Grey histograms are the probability density function for each parameter as a

function of depth as described in Cp.
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Figure S5. Gutenberg-Richter law for the 2017 Valparaiso earthquake sequence. Three
different catalogs of the sequence are shown: Our CMT catalog, S. Ruiz et al. (2017) catalog,
and J. A. Ruiz et al. (2018) catalog. For each catalog, both the whole sequence (foreshocks and

aftershocks), and the foreshocks sequence are represented.
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Figure S6. Synthetic surface displacement for different ranges of magnitude, foreshocks

with M,, > 5.5 (largest foreshock M, = 6.0) and foreshocks with M,, < 5.5. The M, = 6.0
contribution appears to dominate the signal, with respect to the cumulative contribution of

smaller foreshocks.
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Figure S7. Diagonal of the C, matrix for the vertical component of the station G005. The
matrix is calculated for the My, = 6.0 foreshock of the Valparaiso sequence (see section 3 of the
main text). The red line represents the diagonal matrix for the empirical covariance matrix (i.e.,

the matrix created from an ensemble of models). The blue line represents the first (top) and

second-order (bottom) approaches used to compute Cy,.
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Figure S8. Comparison between synthetic waveforms predicted from stochastic models cal-
culated with a log-normal distribution, and synthetic waveforms calculated using the first and
second order Cp, matrix. The waveforms are generated using the source model of the My = 6.0
foreshock presented in section 3 of the main text. The X-axis represents time shifts between
waveforms generated with the average velocity model of the region (figure S4) and waveform
predicted for randomly perturbed velocity models. The Y-axis represents time shifts between
waveforms generated with the average velocity model and waveforms generated either with the
first or the second order approximation (see equations (2) and (5) of text S2). The color repre-
sents the correlation coefficient of each pair of waveforms. If the comparison follows the y = x
line, it means that the perturbation approximation properly estimates the empirical covariance

matrix. We can observe that the second order approach better approximates actual synthetics

(especially when there is a significant time-delay between waveforms).
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Figure S9. Waveforms fit for the My, = 6.0 foreshock using CMT solution from our catalog.
Observed (black) and synthetic (red) waveforms for a given station (orange). The fit (inversion)

is made between red dots. The blueP&aeMRPFedente42R CAMACRRation. Yellow dots correspond

to the ensemble of stations used in the inversion.
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shown in purple.
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Figure S11. Mainshock postseismic surface displacement normalized by the coseismic dis-

placement at each GPS station. This ratio approximates the moment ratio between postseismic

and coseismic terms.
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Figure S12. Same as Figure 4 of main text but with the quick postseismic contribution

produced by the largest foreshock.
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Table S1.

Bandpass filter corner frequencies used for CMT inversion

Magnitude Low Corner Freq (Hz) High Corner Freq (Hz)

<45 0.02 0.08
> 4.5 0.015 0.06
6.0 0.01 0.04
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