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S1. Determination of coda magnitudes and b-values

Relative Magnitude Scale and b-value

Magnitudes for 37 events in the ChilePEPPER catalog were reported by the Chilean Seismic Network (CSN). We used these events to calibrate an empirical magnitude scale for our catalog using coda-length durations to estimate of the relative magnitude of earthquakes in our catalog. Coda length is relatively insensitive to geologic structure, focal mechanism, or hypocentral distance from the station, (Crosson et al. 1972, Tsumura 1967, Mayeda et al., 2003) and can therefore be used to estimate magnitude using a single station. Because of data dropouts, high background noise levels, and the presence of water-borne T-phases in the OBS data, we estimated coda magnitude from station GO05 (geographic coordinates: -35.02, -71.97), which  is the closest CSN station to the ChilePEPPER array and recorded 362 of the events in our catalog. Following Mayeda (1993), a 3.0-3.2 Hz bandpass filter was applied to the S-wave data, and the coda envelope was determined using a Hilbert transformation. A linear regression was then fit to the log-amplitude of the S-wave coda. The time at which this linear regression intercepted 0 was determined to be the end of the coda while the start of the coda was picked independently from the unfiltered seismogram. Coda length vs. ML for the 37 events in the CSN catalog was then plotted to determine an empirical linear relationship between ML and coda length for this data set (de Moor, 2015). Events for which MCL was not determined because the events were not recorded on station GO05 were assigned MCL=1 for definition of the symbol size proportional to magnitude on maps.

Coda magnitudes (MCL) range from MCL1.1 to MCL4.4; the Mb4.7 and Mb4.5 events at 00:40 and 00:50 on 9/15/12 have MCL of 4.1 and 4.3, respectively, and the ML3.4 event at 02:31 has MCL3.4.  The average MCL is 2.8.  Although there is considerable scatter in the relationship between MCL and ML (Fig.  S1.1), this scale provides an estimate of the relative magnitude of the local earthquakes that are only in the ChilePEPPER catalog and allows for estimation of the b-value for this data set as defined by the Gutenberg-Richter law (log(N)=A-bM), where N is the cumulative number of events with magnitude greater than M, and A and b are constants. Following the methods of Naylor et al. (2010), we estimated the magnitude of completeness and b-value of ChilePEPPER catalog. Using their goodness-of-fit test, we conclude that our entire catalog is complete for events above magnitude 3.6 (de Moor, 2015), decreasing to 2.5 within or near the network. The b-value was determined to be 1.00 with a 95% confidence interval of 0.27, which is typical for tectonic earthquakes in this environment. 
[image: ]
Fig. S1.1. Method for determining coda length for magnitude estimation (deMoor, 2015, following Mayeda, 1993). Upper panel shows the raw seismogram. Middle two panels show the narrow band filter and Hilbert transform.  Bottom panel shows the log of the envelope amplitude with the linear fit used to describe coda length. 
            [image: ]
Figure S1.2. Plot of the log(coda length) versus magnitude in the CSN catalog.  The best fit line to these data was used to estimate magnitude for events not in the CSN catalog (deMoor, 2015). 
[image: ]
Figure S1.3. Estimation of the magnitude of completeness for the entire ChilePEPPER catalog (deMoor, 2015 following Naylor et al., 2010).  
                           

S2. Detection and evaluation of possible tremor events

Possible pulses of tremor were detected through the following procedure, which was applied to data from component H1 from stations CP06, CP07 and CP09.  Data from station CP08 contained too many artifacts for reliable tremor detection.  

1. Original records were bandpass filtered between 2 and 8 Hz.
2. The filtered traces were squared, low-pass filtered at 0.1 s, and resampled at 1 sample per second. The square root of this output is the envelope data.
3. The envelopes were cross-correlated using 300-s long time windows with a 150 s overlap.
4. An “event” was identified if the maximum cross-correlation between stations CP06, CP07 and CP09 was greater than or equal to 0.6.
5. To rule out local earthquakes, we measured the length of time during which the cross-correlation is greater than 80% of its maximum value.  If this time was greater than 20 s and point 4 was satisfied, the event was identified as a possible tremor event.

This procedure yields a catalog of tremor “events” (times listed in Table S2).  The average cross-correlation and event duration are also listed. An example of possible tremor is given in Figure S2.1.

	One of the critical questions that must be addressed when trying to identify tremor recorded on ocean bottom seismometers is whether the source is within the ocean or beneath the seafloor. Many of the earthquakes from the outer rise generated distinct T-phases, as shown in Figure 8.  The lack of significant overlap between event times in the apparent tremor catalog and those in the catalog of earthquakes showing T-phases indicates that the procedure above was effective at separating T-phase events that follow local earthquake from possible tremor events.  Other studies have shown that because of very low attenuation of T-phases, they are sometime the only phase that rises above the background noise level for regional and distant earthquakes (e.g. Fig. 9 in Tréhu et al., 2018).  The frequency content of T-phases is similar to that of tremor recorded onshore, where distinguishing tectonic tremor from T-phases is not a concern.  

	Because the phase velocity with which a T-phase traverses the array is much slower than the phase velocity for tremor, a large aperture array should allow for separation of tremor originating in the subsurface from T-phases traveling through the ocean. For ChilePEPPER, however, the precision with which the lag could be measured combined with the small aperture and limited number of stations in the array resulted in poorly resolved phase velocities across the array.  Consequently, we could not locate the sources of the possible tremor or rule out an origin as T-phases from regional or distant earthquakes.  

	Another consideration when identifying tremor on OBSs is reverberations excited on OBS due to soil-structure interaction (e.g. Tréhu, 1985) and to trapping of waves within the very low velocity sediments near the seafloor (e.g. Bostock and Tréhu, 2012). Both of these phenomena generate reverberations in the frequency band used to look for tremor and are not present in seismic signals recorded onshore. A cautionary example in which probably aftershocks from a Mw 6.0 earthquake located ~270 km from the ChilePEPPER network (Fig. S2.2) could have been misinterpreted as triggered tremor is shown in Figure S2.3. The signal from the mainshock recorded on the OBSs is emergent and has a duration of several minutes, in contrast to the impulsive and compact signal recorded onshore at GO05.  In the tremor-detection band of 2-8 Hz, the hours following the mainshock include many tremor-like signals.  However, comparison to the signal at GO05 indicates that these are likely S0-waves from aftershocks.  
[image: ]

Figure S2.1. Example of tremor-like pulses on December 16, 2012. Data from CP08 were not included in the data used for automated tremor detection because of frequent times when the data were noisy, although data from CP08 were used for earthquake locations when possible.  

[image: ]
Figure S2.2. Map showing location of the June 6, 2012 earthquake (-35.0099; -71.9303; yellow star).  Distance to CO05 is 151.4 km; distance to CP06 is 270.5 km. 
[image: ]       

Figure S2.3. Example of signals initially interpreted as triggered tremor from a Mw6.0 earthquake on the Chile/Argentina border compared to the record at GO05 for the same time period. The apparent tremor pulses are correlated with aftershocks. Red lines show the predicted lag of ~30 s between the S arrival at GO05 and at the OBSs.  The dotted line represents a small earthquake that occurred close to the stations, with shorter S-P time at GO05 and a shorter lag between GO05 and the OBSs.  

S3. Processing the APG data to detect geodetic signals

S3.1 Background: Absolute pressure gauges (APGs) have been used as a tool to detect and monitor tectonic transients in various contexts, such as in submarine volcanic deformation (Chadwick et al., 2012; Phillips et al., 2008), near-field tsunami forecasting (Gusman et al., 2016; Tsushima et al., 2011) and subduction zone processes (Ohta et al., 2012). Quartz-based oscillators are used to precisely track absolute pressure changes at the seafloor that can be linked to vertical motions at the seafloor after a sequence of corrections to account for sensor drift and oceanographic effects.  The ChilePEPPER APGs used Paroscientific, Inc. Digiquartz pressure sensors. Because of their accuracy, precision and reliability, these instruments have become the standard for monitoring vertical displacements at the seafloor. 
If we assume that hydrostatic equilibrium holds at the ocean, pressure and seafloor depth can be linked though a fundamental relation called the hydrostatic equation: 

where the specific volume α(S, T, P) is a function of salinity (S), temperature (T), and pressure (P). The term g(φ, z) corresponds to the acceleration of gravity and is a function of latitude (φ) and depth (z). The limits zb and zo correspond to the seafloor and reference depths, respectively. The reference depth was taken to be the Mean Seafloor Level (MSL); Pb and Po are the pressure at the seafloor and datum, respectively.
	Before converting from pressure to depth, several corrections must be applied. If the objective is to detect tectonic related transients, it is necessary to isolate and remove the effect of processes such as atmospheric and oceanographic disturbances, tidal forcing, instrumental drift and others that may affect the pressure field. Thus, we can use a general pressure signal model:
P (t) = Ptide (t) + Pocean (t) + Pdrift (t) + Ptectonic (t) + ε(t)
where, terms from left to right are the pressure signal associated with tides, oceanic and atmospheric forcing, instrumental drift, tectonic related transients and an observational noise term. The noise is assumed to follow a Gaussian distribution and originates either from small, uncorrelated pressure fluctuations at the seafloor or from the instrument electronics. 

S3.2 Processing:  The following steps were followed to obtain seafloor vertical displacement time series from ChilePEPPER pressure data.

Downsampling: Pressure data were down-sampled from 125 Hz to 1 Hz sampling frequency. First an antialiasing filter with zero-phase was applied. Data were decimated twice by a factor of 5 each time. After visual inspection and a careful analysis of daily Power Spectral Densities (PSD) for all stations, we eliminated data from stations CP02 and CP03 as they lost sensitivity for periods longer than 10 s.  

 Instrument response: The APG gain and phase response (as provided by the IRIS Data Management Center) are flat up to 1.0 Hz and 0.5 Hz respectively. Since a phase reduction of only π/18 is expected from 0.5 Hz to 1.0 Hz, its effect was ignored and only a constant gain factor was applied.  Time series after down-sampling and removal of instrumental response are shown in Figure S3.1.

Tidal response: Oceanic tides were removed by computing tidal time series at each site using TPX08 software (Egbert and Erofeeva, 2002). In the modelling, 8 primary constituents were considered (M2, S2, N2, K2, K1, O1, P1, Q1), along with two long periods (Mf, Mm) and 3 non-linear components (M4, M S4, M N4). Results are shown in Figure S.3.2.


                      [image: ]


Figure S3.1. Pressure time series for APG sites of the experiment. Data were low-pass filtered, down-sampled and merged in several stages to generate 1 Hz time series for the entire deployment. All 5 APGs are shown at the same scale for the duration of the experiment. The average water depth at each site has been removed. The tidal signal is clear on all stations, except for a period of time in CP03, when the signal level varies greatly, and CP02 that seems to deteriorate at long periods.   

                     [image: ]

Figure S3.2. Left: Pressure time series after removal of tides computed using TPX08 software (Egbert and Erofeeva (2002). The segmented black line shows the cubic b-spline fitted to the data using least squares.  Units are in mH2O and the mean has been removed from each record.  Right:  Pressure time series after removal of the predicted long period signal (segmented black line in left panels).
Long period signal: As seen in the left panel of Figure S.3.2, a long period signature is observed in all records. This long period drift does not fit the instrumental drift model of Watts and Kontoyiannis (1990). Based on the amplitude and chronological order of the observed inflection points, we have ruled out the possibility that this signal has a tectonic origin.  To remove this long-period signal, a base of cubic b-splines was fit to the data by minimization of the L2-norm (Fig. S3.2 right).

Instrumental drift: After the removal of the long-period signal, instrumental drift was estimated according to the model of Watts and Kontoyiannis (1990). The Levenberg-Marquardt optimization algorithm was used to minimize the L2 norm of residuals.

Conversion from pressure to depth: Conversion from pressure to depth was achieved using the UNESCO Algorithms for computation of fundamental properties of seawater (Fofonoff and Millard, 1983).

Common Mode Error: A Principal Component Analysis (PCA) was performed on the pressure time series to estimate a Common Mode Error or CME (Dong et al, 2006) signal. This process iteratively filters a spatio-temporal response common to all the stations of a network, which we attribute to a source of long period noise that has not been properly modeled when correcting for tides or other oceanographic processes. 

3.3 Results: After removal of the CME, we found three transients that could be attributed to tectonic processes. They are shown in Figures S.3.3-S.3.5 and summarized in Table 4. 

                [image: ]
Figure S3.3. Vertical displacement time series for event A with an onset at 23:05 UTC on May 10, 2012. In each panel the seafloor vertical displacement history is shown with thick colored line, along with a dashed black line that shows a least-squares fit to the data.
                                [image: ]
Figure S3.4. Vertical displacement time series for event B with an onset at 19:40 UTC on June 17, 2012.  In each panel the seafloor vertical displacement history is shown with thick colored line, along with a dashed black line that shows a least-squares fit to the data.
                             [image: ]
Figure S3.5. Vertical displacement time series for event C with an onset January 6, 2013.  This event was followed by a second transient on January 10.  In each panel the seafloor vertical displacement history is shown with thick colored line, along with a dashed black line that shows a least-squares fit to the data.




S4. Fluid flow meters:
CAT flow meters designed to detect very low rates of flow into or out of the seafloor (Tryon et al., 2001) were integrated into the OBS packages by using the OBS anchor as the collection chamber and attaching the meter to the side of the instrument (Tréhu and Tryon, 2012).  The data show that settling of the instruments into the sediments took several months and varied considerably from site to site, yielding in situ records lasting 2-6 months.  Once equilibration had been achieved, in situ flow rates were <|0.01| cm/yr (Fig. S4), and no significant temporal variation was detected. These flow rates are two to three orders of magnitude smaller than rates observed on the Costa Rican margin (Brown et al., 2005, laBonte et al., 2009) and approach the detection limit of the CAT flow meters. It is difficult to evaluate the significance of this result because of uncertainty about how well the collection chamber was coupled to the seafloor with this new and untested instrument configuration. 

 [image: ]

Figure S4. Flow rates measured by the CAT meters. Usable data begin when the initial flow induced by instrument settling has dissipated.



S5. Haida Gwaii tsunami recorded on the APGs 
[image: ]
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S7. List of Tables (included separately as .csv files):

Table S1. Catalog of earthquakes located within or near the ChilePEPPER network. Uncertainties for events locate outside the network or with very few phase picks are poorly resolved and highly uncertain.  This table can be sorted based on numerous parameters to extract better located earthquakes. All events passing the initial tests described in the paper are included as a guide to facilitate further analysis. Earthquake that could not be assigned a magnitude based on the coda length at GO005 (see section S1) were arbitrarily assigned a magnitude of 1 for scaling dots when plotting. A “1” in the last column indicates that a T-phase was observed for this event. 

Table S2. Catalog of tremor pulses located during ChilePEPPER.  Not all tremor-like pulses passed the criteria for automated detection. Conversely, occasionally a tremor pulse might be detected twice if it occurred within the region of overlap between detection windows. Entries for which the hour, minute and second are zero are days during which the automated tremor detection algorithm failed because of problems with the data. If tremor-like pulses were present on those days, they would not be detected. This table is included primarily as a guide to facilitate further analysis. 
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OBS data initially interpreted to show triggered tremor after a Mw 6.0 earthquake at a distance of ~270 km (bandpass 2-8 Hz)
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