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Abstract

In August 2025, the Geological Survey of Canada participated in a research cruise on the Canadian Coast Guard
Ship (CCGS) John P. Tully to recover and deploy ocean-bottom seismometers (OBS), in order to monitor earthquakes
offshore British Columbia. The cruise involved two projects using the same pool of OBS: 1) the third annual cruise of
the PACSAFE project, which aims to investigate earthquake hazard between offshore northern Vancouver Island and
Haida Gwaii, and 2) the second annual cruise of a project monitoring a major seafloor rifting event at the Endeavour
Ridge. The pool of OBS used for these two projects is owned and operated by the National Facility for Seismological
Investigations (NFSI) at Dalhousie University. The Endeavour work took place first; it involved the recovery of five
OBS deployed in summer 2024 and their redeployment along with 15 additional OBS (20 total deployments), with
16 of the OBS deployed in a dense grid (roughly 5 km spacing) over the most seismically active zone, surrounding
several major hydrothermal vent fields. The PACSAFE portion of the cruise saw the recovery of 21 OBS from offshore
SW Moresby Island, Haida Gwaii, over the Queen Charlotte Plate Boundary, and the deployment of 21 OBS offshore
northwestern Vancouver Island, over the Explorer Microplate, the northernmost segment of the Cascadia Subduction
Zone. As of writing this report, two of the Endeavour OBS deployments surfaced prematurely, one was recovered
immediately on this cruise, the other was recovered in September 2025 by the RV Atlantis after drifting south into
U.S. waters. The remaining 39 OBS are expected to be recovered in summer 2026, with separate cruises for two
projects, both led by other project partners. In addition to the OBS work, on this cruise we collected CHIRP 3.5 kHz
Knudsen sub-bottom profiler data over several major faults, and other locations opportunistically.
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1 Introduction

This report describes a 2025 research cruise for which the main purpose was the recovery and deployment of ocean-
bottom seismometers (OBS), in order to monitor offshore earthquakes. The cruise involved two broader projects with
distinct scienti�c objectives; however, the projects have overlapping teams, are nearby geographically, and rely on the
same OBS. We refer to the two projects as the “PACSAFE" and “Endeavour" projects, and describe their objectives
and histories below.

1.1 PACSAFE project background

Paci�c Coast Seismic Assessment for Faults and Earthquakes(PACSAFE) is a multi-year project stemming from a
Natural Sciences and Engineering Research Council (NSERC) Alliance Grant, originally titledEarthquake Hazards
on Canada's Paci�c Coast(lead PI Michael Bostock at the University of British Columbia). The project is a collab-
oration of Natural Resources Canada (NRCan, and speci�cally the Geological Survey Canada or GSC), the National
Facility for Seismological Investigations (NFSI) at Dalhousie University, the University of British Columbia, and the
University of Victoria.

The PACSAFE project was created shortly after the NFSI began obtaining 120 broadband OBS (see Appendix A1 for
equipment speci�cations). It aimed to deploy OBS, over a �ve-year period, over �ve distinct segments of the complex
plate-tectonic fault system offshore Vancouver Island and Haida Gwaii, British Columbia. The region centers around
the Queen Charlotte Triple Junction of the North American, Paci�c, and Juan de Fuca Plates (Rohr and Furlong, 1995),
where the Cascadia Subduction Zone (CSZ) terminates northward at the Explorer Microplate (Hutchinson et al., 2020;
Littel et al., 2023), and transitions into the Queen Charlotte Plate Boundary (QCPB). This transition region has at least
four structures with the capacity to host M7+ earthquake, excluding the CSZ: i) the Nootka Fault Zone (NFZ), a
left-lateral transform separating the Explorer and Juan de Fuca plates (Hutchinson et al., 2019;Savard et al., 2020;
Merrill et al., 2022), ii) the Revere-Dellwood Fault (RDF), a right-lateral transform connecting the Explorer Ridge
to the QCPB, iii) the Queen Charlotte Fault (QCF), a major transform that accommodates much of the right-lateral
motion between the Paci�c and North American plates, and iv) the Haida Gwaii Thrust (HGT) that sits seaward of
the QCF, accommodates converge of the Paci�c and North American plates, and that together with the QCF makes
up the QCPB (Gosselin et al., 2015;Hyndman, 2015;Kao et al., 2015;Riedel et al., 2021;Oliva et al., 2024). The
region is broadly seismically active beyond these four structures, including within the Explorer Microplate and at the
Sovanco Fracture Zone (SFZ), a right-lateral transform between the Explorer and Paci�c plates (Lister, 1989;Davis
and Currie, 1993;Littel et al., 2023). These tectonic features and the PACSAFE deployments to date are shown in
Figure 1.

PACSAFE aims to provide fundamental knowledge of earthquakes and tectonic processes in the region, ultimately
contributing to improved seismic, tsunami, and submarine landslide hazard models that inform risk reduction in coastal
British Columbia. The project was funded in early 2022, but the �rst deployment occurred in October 2023, after a
planned 2022 deployment was canceled due to a COVID outbreak. The two successful legs of the PACSAFE project
to date are described below; note that these descriptions focus on the OBS deployments, although both cruises had
other components including gravity coring and sub-bottom pro�ler transects. All legs to date have used the Canadian
Coast Guard Ship (CCGS) John P. Tully (hereafter, the “Tully") as a research vessel, departing from the Institute of
Ocean Science (IOS) in Sidney, BC, which houses the GSC-Paci�c.

1.1.1 PACSAFE Leg 1 (2023)

In the lead-up to the 2023 cruise, stormy weather forecasts suggested signi�cant ship-time would be lost sheltering
away from exposed waters. This led the science party to choose the RDF and paleo-QCF region offshore northwestern
Vancouver Island (50.0� –50.9� N) as the �rst PACSAFE target region, given that it is relatively close to protected
waters and had a denser array of OBS than other regions, minimizing the operational time required (NFSI, 2023).
The cruise, which embarked with 29 OBS aboard and spanned October 11–27, is referred to as PACSAFE Leg 1 in
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Figure 1. Map of overall PACSAFE and Endeavour project study areas with OBS deployed to date and a target region
for PACSAFE Leg 3 highlighted. Filled triangles indicate OBS that were recovered normally; hollow triangles indicate
OBS that were deployed but surfaced prematurely, whether the instrument was recovered or lost. Earthquakes of M
> 3.5 from the National Earthquake Database (NEDB,NRCan, 1985) are plotted as red dots, scaled by magnitude.
Bathymetry was downloaded at 30–arc-second resolution from the U.S. National Oceanic and Atmospheric Associa-
tion (NOAA) Centers for Environmental Information. Abbreviations used: ENR = Endeavour Ridge, EXR = Explorer
Ridge, HGT = Haida Gwaii Thrust, JFR = Juan de Fuca Ridge, NFZ = Nootka Fault Zone, QCF = Queen Charlotte
Fault, RDF = Revere-Dellwood Fault, SFZ = Sovanco Fracture Zone.
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Table 1. List of investigators and collaborators on the PACSAFE NSERC Alliance proposal.

Principal Investigator (PI) Michael Bostock University of British Columbia

Co-Investigators (co-PIs) Mladen Nedimovíc Dalhousie University
Simon Peacock University of British Columbia
Edwin Nissen University of Victoria
Miao Zhang Dalhousie University

Collaborators Honn Kao NRCan / GSC-Paci�c
Tiegan Hobbs NRCan / GSC-Paci�c
Gwyn Lintern NRCan / GSC-Paci�c
Alexandre Plourde NRCan / GSC-Atlantic
Kristin Rohr NRCan / GSC-Paci�c
Andrew Schaeffer NRCan / GSC-Paci�c
Tianhoazhe Sun NRCan / GSC-Paci�c
Kelin Wang NRCan / GSC-Paci�c

this report, but also has unique identi�cation numbers assigned by the CCG (PAC 2023-059), NRCan (2023005PGC),
and the NFSI (NFSI-005-2023-02). Of the 29 OBS brought aboard, 28 were deployed (Table 2, Figure 2); one
OBS could not be deployed due to a technical malfunction during clock synchronization. Two of these deployments
(L1BC1, L1BC2) were in Burke Channel, away from the main target region, when weather conditions did not allow
work in open seas. Due to weather-imposed time constraints, sea�oor positions were only determined for nine of the
deployments (including the two in Burke Channel), leaving the remaining positioning to be completed on the recovery
cruise in 2024.

In the weeks following PACSAFE Leg 1, two OBS deployed over the RDF region surfaced prematurely, notifying the
NFSI via their Apollo recovery beacons. One (L129) was recovered by the CCGS Tanu on November 27, 2023 and
returned to the Institute of Ocean Sciences (IOS), before eventually being shipped back to the NFSI in Halifax, NS.
The other (L127) remains lost, with the last transmission from its recovery beacon received on December 12, 2023,
from near the rocky coastline of Long Island, Alaska. A third OBS (L109) released prematurely in May 2024 and was
quickly recovered by the CCGS Atlantic Raven. 25 OBS remained on the sea�oor at the time of the recovery cruise,
including the two in Burke Channel.

1.1.2 PACSAFE Leg 2 (2024)

The second leg of the PACSAFE program spanned July 11–31, 2024, again aboard the Tully. It saw recovery of
the OBS deployed in Leg 1 and their deployment over the southern QCF (51-52.5� N), southwest of Moresby Is-
land in southern Haida Gwaii. This cruise again had distinct IDs assigned by the CCG (PAC 2024-068), NRCan
(2024003PGC), and the NFSI (NFSI-009-2024-03).

Weather during the cruise was largely cooperative, and operationally the cruise went quite smoothly. Positions were
obtained for the 16 OBS that were not positioned during Leg 1, and all 25 Leg 1 OBS that remained on the sea�oor
were recovered, although the two deployed in Burke Channel (L1BC1, L1BC2) were recovered in the �nal days of the
cruise and were not redeployed. Of the 23 non-Burke-Channel OBS recovered, three had technical issues that meant
they could not be redeployed; however, four new OBS were brought aboard, so a total of 24 OBS were available to
be deployed. All of them were deployed; however, one OBS (L206A) unexpectedly released from the sea�oor on the
same day it was deployed and was quickly recovered. Another OBS was then deployed in approximately the same
location (L206B), leaving 23 on the sea�oor at the end of the cruise (Table 3, Figure 3).

Two more OBS surfaced unexpectedly in the following weeks, but both drifted south and were able to be recovered
in mid-September. L205 was opportunistically (and generously) recovered by the Scripps Institute of Oceanography
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Table 2. OBS deployed in PACSAFE Leg 1 (2023), a majority of which were recovered in PACSAFE Leg 2 (2024).
Note that station codes have been altered from T200 in the original cruise report (NFSI, 2023) to L100, to create a
sequential numbering scheme for PACSAFE deployments.

OBS recovered normally during PACSAFE Leg 2
Station Latitude (� ) Latitude (� ) Depth (m) Deployment Date Recovery Date
L101 50.8222 -130.3069 1893 2023-10-19 2024-07-18
L102 50.7447 -130.5935 2418 2023-10-20 2024-07-19
L103 50.6089 -130.5179 2426 2023-10-14 2024-07-19
L104 50.6983 -130.3369 1754 2023-10-14 2024-07-18
L105 50.6929 -130.1197 2070 2023-10-15 2024-07-18
L106 50.5725 -130.2560 2018 2023-10-14 2024-07-19
L107 50.4857 -130.3659 2520 2023-10-20 2024-07-19
L108 50.4742 -130.1702 1890 2023-10-20 2024-07-19
L110 50.3481 -130.3182 2381 2023-10-20 2024-07-19
L111 50.2954 -130.1035 2174 2023-10-20 2024-07-17
L112 50.3757 -130.0219 1742 2023-10-20 2024-07-17
L113 50.0720 -129.6743 2410 2023-10-21 2024-07-17
L114 50.1632 -129.5963 1944 2023-10-20 2024-07-17
L115 50.2619 -129.7459 1964 2023-10-20 2024-07-17
L116 50.1650 -129.9433 2288 2023-10-21 2024-07-17
L120 50.3589 -128.9352 2012 2023-10-21 2024-07-15
L121 50.5310 -128.8464 1676 2023-10-21 2024-07-15
L122 50.4867 -129.1881 2010 2023-10-23 2024-07-16
L123 50.6396 -129.2247 1692 2023-10-23 2024-07-16
L124 50.6330 -129.4852 1975 2023-10-23 2024-07-16
L125 50.7353 -129.5088 1867 2023-10-23 2024-07-16
L126 50.7347 -129.7646 2014 2023-10-24 2024-07-16
L128 50.8690 -130.0265 2136 2023-10-24 2024-07-18
L1BC1 52.3118 -126.9836 481 2023-10-17 2024-07-28
L1BC2 52.2781 -127.2439 565 2023-10-18 2024-07-28

OBS that surfaced prematurely
Station Latitude (� ) Latitude (� ) Depth (m) Deployment Date Release Date Recovery Date
L109 50.4115 -130.2100 2529 2023-10-20 2024-05-27 2024-05-29
L127 50.8918 -129.7966 1940 2023-10-24 2023-11-15 lost
L129 50.9990 -130.0563 2066 2023-10-24 2023-11-21 2023-11-27
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Figure 2. Zoomed-in map on PACSAFE Leg 1 deployments (except L1BC1, L1BC2) with labels of individual station
codes. See Figure 1 caption for more detail.

team on the U.S. University-National Oceanographic Laboratory System (UNOLS) ship RV Atlantis and shipped back
to the NFSI from California, and L216 was recovered by contracting a small research vessel (RV Zephyr) operated by
Outbound Marine LLC. The loss of these two OBS left 21 to be recovered on the 2025 cruise, as well as the two from
Burke Channel which were returned to IOS.

1.2 Endeavour project background

The Endeavour Segment of the Juan de Fuca Ridge had several documented earthquake swarms associated with diking
events from 2000–2005 (Krauss et al., 2023). For the following decade there was relatively little seismicity in the
region (Krauss et al., 2025). However, since 2018, earthquake rates have been gradually increasing, as observed
by �ve of the cabled OBS in the NEPTUNE cabled observatory operated byOcean Networks Canada(ONC, 2009;
Mihály et al., 2025), shown in Figure 4. In March 2024, there was an earthquake swarm that garnered signi�cant
media attention (e.g. CBC: Deepsea eruption expected off B.C. after intense quake activity. March 12, 2024.). If the
event is similar to that in the early 2000s, further swarms within the following year are likely to follow. To improve our
ability to resolve source properties of upcoming earthquakes and shed light on the dynamics of these diking events, a
U.S. National Science Foundation (NSF) project (PI William Wilcock, University of Washington) titledEXTension on
the ENDeavour Segment (EXTEND): Illuminating the sea�oor spreading cyclesuggested to supplement NEPTUNE
with freefall OBS. The project aimed to keep �ve NFSI OBS in the region for 5 years (2024–29), with an additional
15 (total 20 NFSI OBS) for the forecasted peak of the diking event in 2025–26.

As the NSF award did not include funding for 2025 ship time, support for the 2025 deployment was supplemented by
an NSERC Discovery Grant Ship Time proposalSubmarine Volcano Eruption Monitoring at the Endeavour Segment
Offshore BCawarded in November 2024 (PI Miao Zhang). The award was valued for 9 days of ship-time on the
Tully at the “Other Government Department" rate; however, because the Tully schedule for 2025 had been determined
weeks prior, the award's dollar-amount was insuf�cient to complete the work on a commercial research vessel, so
an addtional proposal was submitted to the Marine Environmental Observation, Prediction and Response Network
(MEOPAR) Strategic Support Horizon ship time fund (PI Miao Zhang, awarded in March 2025).
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Figure 3. Zoomed-in map on PACSAFE Leg 2 deployments with labels of individual station codes. See Figure 1
caption for more detail.
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Table 3. OBS deployed in PACSAFE Leg 2 (2023)

OBS expected to be recovered on PACSAFE Leg 3
Station Latitude (� ) Latitude (� ) Depth (m) Deployment Date
L201 50.8695 -130.0264 2135 2024-07-18
L202A 50.7370 -130.6797 2434 2024-07-20
L203B 50.9374 -130.7196 2379 2024-07-20
L204A 51.0128 -131.0006 2468 2024-07-20
L206B 51.1794 -131.2268 2495 2024-07-21
L207 51.4246 -131.2254 2420 2024-07-21
L208 51.4826 -131.5049 2369 2024-07-21
L209 51.6898 -131.4853 1960 2024-07-21
L210 51.7406 -131.8655 2331 2024-07-23
L211 52.0037 -131.9965 2452 2024-07-23
L212A 52.2052 -131.9231 2382 2024-07-23
L213 52.0467 -131.6110 1623 2024-07-23
L215B 51.9518 -131.3367 1556 2024-07-22
L217A 51.5693 -130.8440 2011 2024-07-22
L218 51.3450 -130.5863 1943 2024-07-22
L219 51.1621 -130.5995 2028 2024-07-20
L220 51.0358 -130.3592 2165 2024-07-20
L222 51.5866 -130.4554 508 2024-07-22
L223 50.8219 -130.3116 1896 2024-07-18
L224 51.3375 -130.8697 2239 2024-07-22
L225A 51.2537 -131.5989 2391 2024-07-21

OBS that surfaced prematurely
Station Latitude (� ) Latitude (� ) Depth (m) Deployment Date Release Date Recovery Date
L205 51.1710 -130.9333 2313 2024-07-20 2024-07-31 2024-09-12
L206A 51.1794 -131.2268 2495 2024-07-21 2024-07-21 2024-07-21
L216 51.7640 -131.1409 2135 2024-07-22 2024-08-19 2024-09-13

Table 4. List of investigators and collaborators on the Endeavour Ridge project, on any of the three funding awards
(NSF, NSERC, MEOPAR), in alphabetical order by institution.

Miao Zhang Dalhousie University
Mladen Nedimovíc Dalhousie University
Alexandre Plourde NRCan / GSC-Atlantic
Martin Heesemann Ocean Networks Canada
Jesse Hutchinson Ocean Networks Canada
Steve Mihaly Ocean Networks Canada
Laurence Coogan University of Victoria
William Wilcock University of Washington
Marine Denolle University of Washington
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Figure 4. Maps of the Endeavour Ridge study region showing the �ve NEPTUNE cabled OBS (ONC, 2009), major
hydrothermal vent �elds, and three of the �ve Leg 1 Endeavour Aquarius OBS deployments (N104 and N105 are� 20
km south, at 47.68� N). (left) M > 3.5 earthquakes from the NEDB catalog as red dots. Bathymetry is 30 m resolution
courtesy of ONC.(right) Earthquake density (with a logarithmic colour scale) derived from the ONC Endeavour
Catalog (M > 1, April 2022 – August 2025 data).
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