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Supplementary figure 1: Bathymetry acquired with Kongsberg Simrad EM 302 multi-beam echo sounder
mounted on R/V Helmer Hanssen. Piezometer site 1 (PZM1) is located ca. 1.5 km north from a gravity core
(CAGE17-5-1401) where gas hydrate nodules were sampled at 1.5 mbsf (Figure 2 — Cagel7-5 cruise report
https://cage.uit.no/cruise/qgeomorphic-mapping-seismic-stratigraphy-cruise/). Both gravity core with hydrates
and the piezometer site are located along an elongated depression that contains smaller depressions of about
300 to 400 meter width. The shaded area marks the gas hydrate stability zone based on the presence of gas-
hydrate related bottom simulating reflections in seismic profilesl.
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Supplementary figure 2: Sub-bottom profiles along (Cagel7-5_30 in a) and across (Cagel9-3_09 in b) the
elongated structure with associated focused vertical fluid migration pathways. Depth ranges correspond to a
velocity of 1500 m/s. The elongated structure extends for ~ 3 km in a north south direction (Supplementary
figure 1) and contains domes and depressions with associated transparent facies that are typically associated
with gas chimneys or pipes. The masking effect indicates the presence of material that attenuates the acoustic
energy. Gas in the sediment has seismic attenuation properties whilst gas hydrate accumulations appear to
enhance the energyz. PZM1 is located within one of the focused vertical fluid migration features characterized
by a highly fractured zone at the flank of a depression, a transparent facies indicating the main focus of fluid
migration toward the seafloor and a ca. 2-3 m thick high amplitude zone near the seafloor that possibly
contains gas hydrate nodules and/or methane-derived authigenic carbonates material (i.e., the product of past
methane seepage). In 2017 one of the zones with transparent facies was sampled using a gravity core and gas
hydrate nodules (Supplementary figure 3) were retrieved between 0.7-1.2 mbsf (Cage17-5_1401 gravity core).
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Supplementary figure 3: Pictures of gas hydrate nodules retrieved within 0.7-1.2 mbsf on gravity core CAGE17-
5 1401 (Cruise report -  https://cage.uit.no/cruise/geomorphic-mapping-seismic-stratigraphy-cruise/).
Photo/Image courtesy of Karin Andreassen (CAGE-UIT The Arctic University of Norway).
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Supplementary figure 4: P-wave velocity (a) and density (b) profiles from gravity GC_01 and Calypso GPC 01
cores. Location of cores are shown in supplementary figures 1 & 2. Low P wave velocities measured from GC_01
possibly indicate the presence of in-situ dissolved gas below 2.1 mbsf.
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Supplementary figure 5: Sub-bottom profile (CAGE19-3_10) along the western Vestnesa Ridge segment showing
continuous reflections and homogenous facies in the surrounding of piezometer PZM?2 site. See figure 1 in the
main text for location.
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EM 302 : navigation lines
® 6/7/2016 04:03 to 6/7/2016 04:10
® 23/7/2017 14:21 to 23/7/2017 14:31
® 23/7/2017 15:43 to 23/7/2017 15:56
23/7/2017 17:13 to 23/7/2017 17:36
23/7/2017 18:21 to 23/7/2017 18:37
4/10/2017 06:07 to 4/10/2017 19:07
8/10/2017 12:00 to 8/10/2017 15:11

21/10/2019 05:29 to 21/10/2019 08:38

EK 60: navigation lines
® 26/8/2008 00:59 to 26/8/2008 01:01
18/9/2008 03:56 to 18/9/2008 04:00

15/10/2014 20:51 to 15/10/2014 20:54

18/5/2015 12:27 to
18/5/2015 18:56 to

18/5/2015 22:58 to

© 19/5/201500:36 to

® 19/5/2015 04:48 to

18/5/2015 13:10
18/5/2015 18:59
18/5/2015 23:00
19/5/2015 00:53

19/5/2015 05:41

Supplementary figure 6. Navigation data corresponding to available a) EM302 (multi-beam sonar) and b) EK60
(single beam sonar) hydro-acoustic profiles from site PZM1. Colors correspond to acquisition dates. No gas seep
was detected during the EM302 and EK60 sonar data acquisition.
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Supplementary figure 7. Tidal height derived at the piezometer location from the TPXO 9.0 global tidal model**
during hydro-acoustic surveys. Color vertical lines refer to the acquisition date within 1500 m distance for
EM302 and 50 m distance for EK 60 from PZM1 (for position see Supplementary figure 1). Dashed zones indicate
multi-lines hydro-acoustic-surveys.
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Supplementary figure 8. a) Differential pore pressure sensor mounted horizontally in the piezometer with an
outer side subjected to the sediment pore pressure and inner side exposed to the hydrostatic pressure. Supposed
high gas emissions encountered during a deployment at a third planned site along the Vestnesa Ridge offshore
Svalbard damaged the pore pressure sensor after one hour of recording. In comparison to the initial shape of
both faces, the curved shape of the outer side (b) and the collapse of the inner side (c) suggest the occurrence of
high negative differential pore pressure prior to failure (inner pressure higher than the outer pressure).
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Supplementary figure 9. Thermal gradients derived from a) PZM1 and b) PZM?2 data.
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