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Abstract

Volcanic passive margins are an end-member of continental
rifted margins and are believed to originate from the breakup of a
continent under the influence of a mantle plume. In spite of 40 y of
research into this phenomenon, it is still unknown how excess mag-
matism is produced and what controls its surprisingly short dura-
tion. Expedition 396 will revisit the mid-Norwegian margin 36 y
after Ocean Drilling Program Leg 104. It will provide the necessary
observations to parameterize comprehensive 3-D numerical mod-
els. These will allow us to identify the relative importance of differ-
ent tectonomagmatic processes. Furthermore, drilling will test the
predictions of volcanic seismic facies models and elucidate the role
of breakup volcanism in rapid global warming. Secondary objec-
tives relate to the onset of the meridional overturning circulation in
the North Atlantic Gateway and the potential to use the breakup ba-
salt province to store carbon dioxide on industrial scales. To this
end, Expedition 396 will attempt to drill nine boreholes on the
Vering and Mgre margins. They will target the breakup volcanic
successions as well as the overlying postrift sediments and the un-
derlying synrift sediments. In conjunction with the wealth of reflec-
tion seismic data collected by the hydrocarbon industry during the
past 40 y, the new borehole information will provide an unprece-
dented picture of the formation of a large igneous province during
the opening of an ocean basin.

Schedule for Expedition 396

International Ocean Discovery Program (IODP) Expedition
396 is based on IODP drilling Proposal 944-Full2 and 944-Add2
(available at http://iodp.tamu.edu/scienceops/expeditions/nor-
wegian_continental _margin_magmatism.html). Following eval-
uation by the IODP Scientific Advisory Structure, the expedition
was scheduled for the research vessel (R/V) JOIDES Resolution,
operating under contract with the JOIDES Resolution Science Op-
erator (JRSO). At the time of publication of this Scientific Prospec-
tus, the expedition is scheduled to start in Reykjavik, Iceland, on 6
August 2021 and to end in Kristiansand, Norway, on 6 October. A
total of 61 days will be available for the transit, drilling, coring, and
downhole measurements described in this report (for the current
detailed schedule, see http://iodp.tamu.edu/scienceops). Fur-
ther details about the facilities aboard JOIDES Resolution can be
found at http://iodp.tamu.edu/labs/index.html.

Introduction

Continental extension, breakup, and the formation of new mid-
oceanic spreading centers are fundamental parts of the plate tec-
tonic cycle and have wide implications for the global environment
(Berndt et al., 2019). Passive rifted margin studies have been at the
core of the international ocean drilling program since the 1960s.
Deep Sea Drilling Project (DSDP) and Ocean Drilling Program
(ODP) drilling, along with extensive seismic surveying of the north-
east Atlantic conjugate margins, demonstrated anomalously high
volumes of volcanic activity during continental breakup, classifying
these margins as “volcanic rifted margins” (Talwani and Eldholm,
1977; Eldholm et al., 1989a, 1989b; Saunders et al., 1998; Sengor and
Burke, 1978; Ziegler and Cloetingh, 2004; Abdelmalak et al., 20164,
2016b).

Expedition 396 builds on previous successful drilling campaigns
in the northeast Atlantic—DSDP Leg 38 (1974) and ODP Legs 104
(1985), 152 (1993), and 163 (1995) (Figure F1)—that were instru-

Expedition 396 Scientific Prospectus

mental in developing the concepts of volcanic rifted margins and
large igneous provinces (LIPs) (see Mahoney and Coffin [1997] and
Ernst [2014] for a summary). There are, however, many unresolved
scientific questions related to formation and environmental impli-
cations of massive breakup volcanism that can be resolved by future
scientific drilling. Meanwhile, comprehensive 3-D seismic data, new
aeromagnetic data acquisition, seabed surveys, analysis of existing
ODP data, and new scientific development during the past decade
have led to a vastly improved proposal and drilling strategy. In par-
ticular, the paleoenvironmental objectives have been substantiated,
and an independent application (Volcanic Forcing and Paleogene
Climate Change; PVOLC) has been submitted to the International
Continental Scientific Drilling Program (ICDP) for drilling Paleo-
gene sediments in Denmark to resolve North Atlantic Igneous Prov-
ince (NAIP) eruptions and environmental impact in a more distal
setting.

Despite unsurpassed constraints on conjugate crustal structure
between the northeast Atlantic Norwegian, Jan Mayen, and Green-
land rifted margins, the mechanisms responsible for rift-related,
anomalous excess magmatic productivity are still debated (Lundin
and Doré, 2005; Brown and Lesher, 2014; Foulger et al., 2020). The
controversy centers on three competing hypotheses:

1. Excess magmatism derived from elevated mantle potential tem-
peratures resulting from mantle plume processes.

2. Small-scale convection at the base of the lithosphere enhanced
the flux of material through the melt window during rifting and
breakup.

3. Mantle source heterogeneity contributed to anomalously high
melt production during continental breakup.

Although the mantle plume mechanism requires anomalous high
temperatures resulting in high degrees of melting during astheno-
sphere upwelling, small-scale convection at the base of the litho-
sphere operates without elevated potential temperatures and is
inherently connected to the rifting process (Boutilier and Keen,
1999).

Temporal correlations between mass extinctions, global warm-
ing, and formation of LIPs have long been recognized (Vogt, 1972;
Wignall, 2001). However, the mechanisms for the rapid paleoenvi-
ronmental crises are highly debated in scientific literature (Bond
and Wignall, 2014; Courtillot and Renne, 2003). For example, volca-
nic eruptions release large volumes of sulfur, halogens, and carbon
to the atmosphere (Jones et al., 2016), which may cause environ-
mental disturbances on a variety of timescales. An alternative, al-
though not mutually exclusive mechanism, is that large volumes of
greenhouse gases can be released from metamorphic aureoles
around sill intrusions emplaced in sedimentary basins (Svensen et
al., 2004). New information on eruption styles, volumes and rates,
and sedimentological data in a proximal region to the eruptions is
important to document and understand the environmental impact
of LIP emplacement.

Background

Scientific drilling of northeast Atlantic continental margins
since the 1970s has been essential for understanding the architec-
ture and implications of igneous deposits associated with continen-
tal breakup. In particular, drilling of deep boreholes in the feather
edge of the seaward-dipping reflectors (SDRs) offshore mid-Nor-
way and southeast Greenland (Eldholm et al., 1989b; Larsen, Saun-
ders, Clift, et al., 1994; Duncan, Larsen, Allan, et al., 1996; Saunders
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et al., 1998; Larsen et al., 1999) demonstrated that voluminous sub-
aerial volcanic flows are common along rifted margins (Figure F2).
The drilling results further suggested that continental breakup mag-
matism has had a major impact on the global environment and mass
extinctions (Hinz, 1981; Eldholm and Thomas, 1993). Interpreta-
tion of industry seismic and borehole data from the Vering Basin
later led to the hypothesis that voluminous intrusion of magma in
the organic-rich sedimentary basin may have triggered the Paleo-
cene/Eocene Thermal Maximum (PETM) by release of aureole
gases through hydrothermal vent complexes (Svensen et al., 2004).
This hypothesis will be tested during Expedition 396.

Breakup volcanism along rifted passive margins is highly vari-
able in both time and space. Mantle melting during the formation of
mid-oceanic ridges is relatively well understood and mostly a func-
tion of spreading rate and mantle potential temperature with melt-
ing below the mid-oceanic ridge. It leads to accretion of 6-8 km of
magmatic crust at standard mantle potential temperature and full
spreading rates larger than 2 cm/y (Bown and White, 1994). On the
other hand, factors controlling magmatic activity during continen-
tal rifting and breakup are not well known. The variation in the de-
gree of magmatism at rifted margins can, to the first order, be
characterized in three contrasting modes of behavior (Figure F3)
(e.g., Huismans and Beaumont, 2011, 2014). Mode 1 margins are
characterized by a sharp transition from the continent/ocean
boundary (COB) to normal thickness (6—8 km) magmatic ocean
crust. At Mode 2 margins, magmatic productivity exceeds that ex-
pected from decompression melting at normal mantle temperature.
Mode 3 margins have little to no magmatism at the COB and a
broad transition zone with a magmatic-exposed mantle at the sea-
floor preceding formation of mature oceanic crust.

A comprehensive understanding of what controls this range of
behaviors and the volume, distribution, and timing of magmatism
during continental rifting and breakup is, however, lacking. Excess
magmatism at volcanic Mode 2 margins, such as in the northeast
Atlantic, has been related to mantle plume and contrasting non-
plume mechanisms (McKenzie and Bickle, 1988; Mutter et al., 1988;
White and McKenzie, 1989).

Continental breakup may be associated with extensive volca-
nism over large distances along strike of the rifted margins as exem-
plified in the northeast Atlantic (Figure F1). The causes for the
anomalous magmatic activity and the implications on the paleoen-
vironment are, however, still debated. Magmatic products emplaced
along these volcanic rifted margins have four major characteristics:

+ Wedges of SDRs and associated volcanic seismic facies units in-
terpreted to be massive subaerial and submarine lava flows and
volcaniclastic sediments are found on both sides of the COB.

« Extensive sill and hydrothermal vent complexes are emplaced in
organic-rich sedimentary basins along the incipient breakup
axis.

« Thick high-velocity bodies are found in the lower crust along the
COB and commonly interpreted to be magmatic underplated
material.

» The magmatic crust at these margins often exceeds 20 km, more
than three times as thick as normal oceanic crust produced by
passive upwelling of normal potential temperature mantle.

It appears that volcanic rifted margins require mantle that is either
(1) anomalously hot, (2) actively upwelling at rates higher than the
plate half-spreading rate, (3) anomalously fertile, or (4) some combi-
nation of these factors.
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Geological setting

The northeast Atlantic rift system developed as a result of a se-
ries of rift episodes succeeding the Caledonian orogeny that ulti-
mately led to continental breakup and passive margin formation in
the Paleocene—Eocene (Talwani and Eldholm, 1977; White and
McKenzie, 1989; Skogseid et al., 2000; Abdelmalak et al., 2016a;
Zastrozhnov et al.,, 2020). The mid-Norwegian margin is well cov-
ered by 2-D and 3-D reflection and refraction seismic surveys, po-
tential field and heat flow data, and borehole data that allow a
refined structural and stratigraphic framework (Figure F4) (Brekke,
2000; Gernigon et al., 2003, 2020; Mjelde et al., 2005; Breivik et al.,
2006; Theissen-Krah et al., 2017; Zastrozhnov et al., 2018, 2020; Pol-
teau et al., 2020).

The mid-Norwegian margin is segmented by the northwest-
trending Jan Mayen Fracture Zone, which separates the Mere and
Voring margins (Figures F1, F4). The margin segments are charac-
terized by different tectonomagmatic style and sediment distribu-
tion (Berndt et al., 2001a; Gernigon et al., 2020). The largest
magmatic accumulation is observed in the Vering segment, and vol-
umes decrease to the south and north. In the southern segment,
passive margin formation and oceanic spreading was accommo-
dated by the Aegir Ridge between the Mgre and Jan Mayen (at the
time connected to Greenland) conjugate margins in the Paleocene—
Eocene.

Rifting and passive margin formation in the northeast Atlantic
was accompanied by strong volcanic activity (White and McKenzie,
1989; Eldholm and Grue, 1994; Larsen and Saunders, 1998; Wright
etal, 2012). Evidence for extensive magmatism is provided by SDRs,
magmatic intrusions, and high-velocity bodies at the base of the
continental crust underlying the COB, which in the distal margin
are unequivocally interpreted to be magmatic underplate (Figures
F2, F5) (Berndt et al., 2001a; Mjelde et al., 2005; Planke et al., 2005).

ODP drilling of the Vgring margin (Leg 104) and off southeast
Greenland (Legs 152 and 163) recovered volcanic rock successions
erupted during the initial stages of opening of the northeast Atlan-
tic. Drilled rocks (Legs 152 and 163) range from prebreakup conti-
nental tholeiitic flood basalt to synbreakup picrites to oceanic-type
basalts that form the main part of the SDRs (Fitton et al., 2000).
Oceanic-type lavas show increasing degree of melting and contribu-
tion from asthenospheric mantle sources with time (Fram et al,,
1998; Fitton et al., 1998). Thickness of igneous crust accreted at the
southeast Greenland COB increases from about 18 km in the south
to about 30 km near the Greenland-Iceland Rise (Holbrook et al.,
2001). Similarly, geochemical enrichment of volcanics of the East
Greenland margin (chondrite-normalized [Ce/Y]N and isotopes;
Fitton et al.,, 1998; Tegner et al., 1998; Brown and Lesher, 2014) in-
creases from south to north.

Correlation of crustal thickness and compositional enrichment
suggests a combination of changes in source composition, source
temperature, and/or melting dynamics. It is not known if a similar
correlation of crustal thicknesses and magma compositions exists
along the Norwegian margin. To establish the relationship between
chemistry of the volcanics and crustal configuration is a milestone
of the proposed investigations. Geochemical data show strong
chemical and isotopic similarities between the “upper series” from
the Vering Plateau and southeast Greenland. In contrast, the “lower
series” from both areas are fundamentally different from each other
in many aspects, pointing to either substantial differences in pre-
breakup lithosphere composition at the two localities or different
styles of mantle—crust interaction (Abdelmalak et al., 2016a).
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Periods of elevated magmatism such as the emplacement of the
NAIP often coincide with considerable environmental perturba-
tions such as the PETM (56 Ma) and/or long-term climate warm-
ing such as the Early Eocene Climatic Optimum (EECO; ~50-53
Ma), suggesting a causal relationship (Figure F6) (Bond and Wig-
nall, 2014; Eldholm and Thomas, 1993). The total volume of
magma emplaced during the Paleogene is estimated to be 6 x 10°
through 10 x 10° km?® (Saunders et al., 2007; Horni et al.,, 2017),
with the most voluminous activity roughly coinciding with the Pa-
leocene/Eocene boundary (Storey et al., 2007a), although the full
emplacement spans several million years (Wilkinson et al., 2017).
Greenhouse gas emissions were likely generated by magmatic de-
gassing (Storey et al., 2007b; Gutjahr et al., 2017) and by explosive
discharge of thermogenic gases generated by contact metamor-
phism (Svensen et al., 2004; Frieling et al., 2016; Aarnes et al,
2010). Therefore, the emplacement of the NAIP is one of the pri-
mary contenders for instigating numerous hyperthermal events
and long-term warming in the Paleogene, either as a direct forcing
or as an instigator of positive climate feedbacks such as methane
hydrate melting.

Seismic studies and site survey data

The supporting site survey data for Expedition 396 are archived
at the IODP Site Survey Data Bank (https://ssdb.iodp.org/SSD-
Bquery/SSDBquery.php; select 944 for proposal number) and
shown in Site summaries.

The Norwegian continental shelf is covered by a high density of
industry standard seismic and geophysical data in regions opened
for petroleum exploration (Figure F4). The majority of the sites are
located on industry-quality 3-D seismic data (Figure F7), including
the sites on Kolga High and North Modgunn (AMN17 3-D cube)
and Skoll High (CVX1101 3-D cube). The other sites are located on
industry-quality 2-D data (Mimir High; MNR 2-D data) and outer
Vering margin (Outer High and Outer SDR; HV96 2-D data). See
Table T1 for a summary. For some of these sites, crossing lines are
not always available exactly at the site.

High-resolution seismic P-Cable 3-D (two cubes of a total of 30
km?) and 2-D (400 line km) data were acquired in August 2020 in
the Kolga—Modgunn—Mimir region during the CAGE20-4-HH
cruise. The cruise was a collaboration between the University of
Oslo and the University of Tromsg and was supported by the Nor-
wegian Petroleum Directorate. The data were collected near pri-
mary and alternate Expedition 396 sites. Other data collected
during this cruise include multibeam echo sounder data, subbottom
profiler data, gravity cores, and one conductivity-temperature-
depth profiler data set. The data are currently being processed and
will be available in early 2021.

Scientific objectives

The key objective of Expedition 396 is to understand the rela-
tionship between rifting, excess magmatism, and paleoclimate and
to resolve the relative contribution from plume upwelling, small-
scale convection, and mantle heterogeneity and their relation to the
formation of volcanic rifted margins in the northeast Atlantic. This
requires additional constraints on the following:

» Melting conditions (degree, pressure, and temperature of melt-
ing);

» Age distribution of volcanic products, which is essential to con-
strain magmatic productivity in time and space;

Expedition 396 Scientific Prospectus

« Variation of pre-, syn-, and postbreakup magmatic activity
across the margin;

« Variation of magmatic activity along strike across the major
More and Vering margin segments;

« Eruption rates, environment, and basalt morphologies; and

« The relationship between climate change, timing, volume, and
style of magma emplacement.

The sedimentary proxy-based environmental reconstruction also
provides a semiquantitative record of paleoelevations (water depth)
and vertical motions as early rifting progresses to seafloor spread-
ing, with the potential additional influence of dynamic support
originating from the plume-pulsing hypothesis (e.g., Champion et
al., 2008; Parnell-Turner et al., 2014).

The mid-Norwegian margin is among the best-studied volcanic
rifted margins around the world. It has unsurpassed geophysical
data coverage because of excellent collaboration between govern-
ment, industry, and academia in Norway (Figure F4) and can be
considered the type example of volcanic margins (Eldholm et al,,
1995, 2002). However, key questions regarding the origin and impli-
cations of excess magmatism along with margin segmentation and
rifting remain. Sampling of breakup volcanic successions and proxi-
mal sediment cores through IODP drilling, in conjunction with geo-
chemical constraints on melt conditions and integrated quantitative
models of melting and mantle convection, is crucial to advance our
understanding of breakup processes and resolve competing hypoth-
eses for excess magmatism and paleoenvironmental consequences.

The conjugate Norwegian—Jan Mayen—Greenland margin sys-
tem is characterized by extensive breakup volcanism recorded as sill
intrusions, flood basalt sequences, hyaloclastite buildups, and mag-
matic underplating (Figures F1, F2). Three main hypotheses for the
formation of these massive magmatic constructions are related to a
mantle plume, nonmantle plume active upwelling, or an enriched
source scenario. A related hypothesis aims to constrain the influ-
ence of this extensive volcanic activity on Paleogene global climate.
A combined interpretation of existing geophysical data, well data,
and dredging samples cannot confidently distinguish between the
proposed hypotheses. New core data will provide the required high-
resolution insights into magmatic evolution in time.

The mid-Norwegian margin is a unique area in which well-char-
acterized volcanic features, related to volcanic rifted margins world-
wide, are readily drillable (Figures F5, F7). Here, igneous rocks and
Paleogene sediments are locally buried by minor postbreakup sedi-
ments. Large regions along the outer margins have recently been
covered by industry 3-D seismic surveys, and this unique database
allows the identification of shallow (<200 meters below seafloor
[mbsf]) volcanic and Paleogene sedimentary targets.

Although both volcanism and contact metamorphism degassing
appear to coincide with the global warming events in the early
Paleogene, considerable unknowns in terms of temporal volcanic
development and potential gas fluxes from these sources remain.
Moreover, with the presently available material it is difficult to sep-
arate the effects of volcanism and contact metamorphism and as-
sess their relative forcing on the climate system. The acquisition of a
core through continuous strata in close proximity to the NAIP
would be an invaluable asset in deciphering the absolute and rela-
tive importance of these two processes (Figure F6). Although both
volcanism and contact metamorphism release greenhouse gases
(CO, and CH,), the latter is likely to be rich in organic material and
should therefore have a different stable carbon isotope signature
(8C) to mantle-derived carbon. Differences in eruption style and
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location (e.g., subaerial vs. submarine) may impact the volume dis-
persal of metals used as volcanic proxies, such as mercury (Sanei et
al,, 2012). There may also be a systematic temporal evolution in the
magmatic system, such as a shift from eruptive to intrusive activity
(e.g., Burgess et al., 2017). Better age constraints on the eruptive
stratigraphy and on subvolcanic rocks in proximity to hydrothermal
vent complexes may resolve potential diachroneities and shed light
on degassing mechanisms responsible for climatic perturbations.

The following are the main scientific objectives for Expedition
396:

1. Determine the role of the Iceland plume in producing excess
magma along the mid-Norwegian segment of the northeast At-
lantic volcanic rifted margin during the Paleogene by constrain-
ing the conditions of melting (temperature, pressure, mantle
sources, and total degree of melting).

2. Determine the cause for along-axis variation in melt production.
In the case of the northeast Atlantic volcanic margins, magmatic
productivity changes from the More margin (~12-15 km thick
magmatic crust) in the south toward the Vering margin (>20 km
thick magmatic crust) and the Lofoten margin (~8 km regular
thickness magmatic crust). This pattern suggests a local, struc-
tural control because plume models would suggest largest ex-
cess magmatic activity in the southernmost conjugate sections
(e.g., Mgre—Jan Mayen) closest to the Iceland thermal anomaly.

3. Determine the depositional environment (subaerial vs. subma-
rine) of inner and outer lava flows (e.g., SDRs) and implications
for vertical motions during late synrift, breakup, and early
postrift oceanic spreading. Some of the lava flows may not have
extruded subaerially (e.g., Planke et al., 2000, 2017). This has im-
portant implications for the distribution of buoyancy forces and
isostasy during breakup where sections without continental
crust would under normal conditions be expected at water
depths >2 km (e.g., Kusznir et al., 2004).

4. Determine the timing of magmatic activity and document the
occurrence and temporal evolution of paleoclimate and volcanic
proxies in sedimentary sequences proximal to the NAIP.

5. Use the integrated paleoclimate and paleoenvironment proxies
and geochronological data to assess the relative importance of
volcanism and thermogenic release from hydrothermal vent
complexes as potential drivers of climate change events.

Furthermore, there are two secondary scientific objectives:

1. Early Eocene hothouse and freshwater incursions into the North
Atlantic. The early Paleogene (~66—45 Ma) was characterized by
warm global greenhouse conditions culminating in the EECO
(~53-50 Ma), the warmest sustained climates of the last 65 My
(Bijl et al., 2009; Anagnostou et al., 2016; Cramwinckel et al.,
2018), inducing an intensified hydrological cycle with strongly
increased precipitation at high latitudes (e.g., Pagani et al., 2006;
Suan et al,, 2017). Paleogene sediments obtained during Inte-
grated Ocean Drilling Program Expedition 302 (Arctic Coring
Expedition) show large quantities of free-floating freshwater
Azolla, which grew and reproduced in the Arctic Ocean by the
onset of the middle Eocene (~48 Ma) (Brinkhuis et al., 2006).
The proposed sites penetrate the Eocene sediments and allow
testing of the extent of freshwater incursions, constraining pale-
oceanographic boundary conditions for the excursions, includ-
ing the evolution of oceanic gateways and their influence on
global ocean circulation. The early Eocene sediments also pro-
vide a unique opportunity to reconstruct mid—high northern
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latitude climate, allowing a detailed comparison to Southern
Ocean records (e.g., Bijl et al., 2009, 2013; Hollis et al., 2012).

2. Carbon capture and storage in basalt provinces. Observations of
meteoric water and high dissolved calcium concentration from
the bottom of ODP Sites 642 and 643 show that the Vering Pla-
teau is ideal for studying circulation of freshwater within such
large basaltic formations and assessing its potential for CO, se-
questration. Previous ODP holes did not address the origin of
meteoric water and trigger(s) for such large-scale circulation.
Dating of borehole water samples with 1C, *Cl, and 2**U/?38U
tracers and systematic analyses of fluid geochemistry (Inagaki et
al.,, 2015) will allow the determination of the source of meteoric
waters and provide constraints on their circulation systems,
which are crucial for assessing the CO, storage potential of
breakup basalts. Pore fluids will be sampled along the complete
proposed drilling transect to investigate the potential extent of
meteoric water flow. We hypothesize that meteoric water will be
detected at the sites reaching the basaltic basement (e.g., Pro-
posed Sites VMVM-20A, VMVM-23A, VMVM-61A, and
VMVM-07A) but will be absent from the sites that do not reach
basement (e.g., Proposed Sites VMVM-31A, VMVM-40A, and
VMVM-55B). The outcome of fluid geochemical analyses will
be quantitatively interpreted with hydrological modeling using
software such as MODFLOW to investigate the flow path of me-
teoric water. The sampling for water geochemistry will follow
the standard IODP protocol for pore fluid analyses.

Operations plan and coring strategy

The mid-Norwegian margin is the type locality for volcanic
rifted margins and is probably the best-studied volcanic margin
worldwide. The detailed geometry and amount of volcanic products
in the form of underplated bodies and intrusive and extrusive volca-
nic rocks are currently extremely well constrained through geo-
physical imaging (e.g., Mjelde et al., 2005; Berndt et al., 2001b;
Planke et al., 2017; Abdelmalak et al., 2016a, 2016b, 2017). However,
new information on the age, nature, and depositional environment
of the volcanic rocks is required to constrain melt production rates
and vertical motions. Furthermore, causes for excess magmatic pro-
ductivity are not well understood and highly debated.

Answering the fundamental questions outlined in the scientific
objectives requires extensive sampling of both late synrift/early
postrift sediments and magmatic products from the continental
into the oceanic domain (Figure F7). Collection of sedimentary re-
cords proximal to the volcanic and magmatic activity allows for use
of numerous proxies to distinguish between volcanic and hydro-
thermal vent complex sources.

Geochemical, geochronological, and petrological analyses of
drilled volcanic rocks and sediments will provide constraints on the
timing of magmatism relative to rifting and breakup, the conditions
of melting (pressure, temperature, composition of the source, and
degree of melting), the volcanic emplacement environment (subaer-
ial vs. subaqueous), and paleoenvironmental changes. Ocean drill-
ing provides the only means of obtaining these samples and is
therefore essential for meeting these objectives.

Access to modern industry standard 2-D and 3-D seismic data
has been particularly important for optimizing the drill site loca-
tions (Figure F5). Nine primary sites were selected for the initial
proposal, but some sites were later slightly shifted to address the
IODP Science Evaluation Panel and Environmental Protection and
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Safety Panel (EPSP) review comments. A number of alternative sites
were also identified, normally in close vicinity to the primary sites.

In total, 26 sites are proposed (see Site summaries). Because of
government safety regulations, most sites are approved to less than
200 m deep. This is a limit normally applied for geotechnical and
stratigraphic drilling in sedimentary basin environments in Norway.
Some proposed sites in the oceanic domain or near the COB have
deeper penetration, notably Sites VMVM-55B (800 m), VM VM-
09A (550 m), and VMVM-10B (750 m). Deeper scientific holes were
drilled previously in the same region (e.g., Hole 642E [1229 mbsf],
Site 643 [565 mbsf], and DSDP Site 341 [456 mbsf]).

Proposed drill sites

The drilling strategy for the proposed boreholes is summarized
in Figure F7 and Table T2. The coring and logging tools available on
JOIDES Resolution are described at http://iodp.tamu.edu/tools
and http://iodp.tamu.edu/tools/logging. The drilling plan will
provide one along-strike and one cross-strike margin transect and
two high-resolution Paleogene sedimentary sites.

1. The subbasalt and initial volcanic flows are the targets of Pro-
posed Sites VMVM-20A and VMVM-23A. If successful, these
will be the first boreholes to sample prebreakup volcanics and
the onset basalt flows on the mid-Norwegian margin.

2. Paleogene sediments in hydrothermal vent complexes and sedi-
mentary reference holes across the Paleocene/Eocene boundary
are the targets of Proposed Sites VMVM-31A, VMVM-40B, and
VMVM-55B. These sites will, for the first time, document the
nature of hydrothermal vent complexes in the outer Vering Ba-
sin and provide geochemical proxy data and age constraints for
the Paleogene succession. We propose dual coring of key strati-
graphic intervals. For Proposed Site VMVM-55B, one deep hole
(800 m) is proposed, whereas four offset holes of 200 m each
along a ribbon with outgoing strata is an alternative drilling
strategy (Proposed Site VMVM-56A ribbon) (Figure F7).

3. Sampling of volcanic seismic facies units across the central
Vering margin to assess the spatial and temporal development
of the breakup volcanic complex is planned for Proposed Sites
VMVM-61A, VMVM-07A, VMVM-80A, and VMVM-09A.
These sites will be integrated with results from existing scientific
boreholes, such as Hole 642E. The focus is on understanding the
emplacement environment, characterizing sequence boundar-
ies, and sampling of basalt for geochemical and geochronologi-
cal studies.

4. In addition, Site 642 may be revisited to measure borehole tem-
perature and acquire complementary wireline data.

Standard JOIDES Resolution drilling and logging procedures will
be followed. For the six sites with a volcanic basement target, one
rotary core barrel (RCB) hole will be drilled to bit destruction or to-
tal depth. We plan to get at least 50 m of basement penetration for
all these sites, with a recovery of about 50%. Advanced piston corer
(APC)/extended core barrel (XCB) drilling may be attempted for
thick Quaternary—Neogene sediments at Proposed Sites VM VM-
07A and VMVM-09A.

APC/XCB drilling also will be attempted to get higher recovery
of Paleogene sediments at Proposed Sites VMVM-31A through
VMVM-55B, particularly because high recovery from Proposed
Sites VMVM-40B and VMVM-55B is important. However, RCB
drilling will replace APC/XCB drilling if penetration of Paleogene
sediments is difficult. Duplicate holes at the two key Paleogene sites
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(VMVM-40B and VMVM-55B) will be drilled across the Paleo-
cene/Eocene boundary, if present.

Wireline logging and downhole
measurements strategy

A comprehensive wireline logging program is planned for all
sites. Two standard log runs are planned for all holes. Good bore-
hole imaging logs (Formation MicroScanner [FMS] and Ultrasonic
Borehole Imager [UBI]) are particularly important to characterize
the basement sites where recovery of fractured and altered intervals
is expected to be relatively low. The wireline logs are also very useful
for core-log integration and the establishment of a high-resolution
stratigraphy in both volcanic and sedimentary sequences (e.g.,
Planke, 1994; Jerram et al., 2019). Vertical seismic experiments (or
check shot surveys) are planned for deep holes and some basement
holes where core-log-seismic integration is important.

The drilling plan is to start with the Kolga High sites and then
continue northwest across the Voring Plateau sites and finally to the
Lofoten Basin sites. As such, the sites are numbered in prioritized
order. We do expect some downtime due to weather (particularly in
September), and technical problems may cause us to skip some of
the sites or reduce the logging program. In any circumstance, there
should be a balance in time spent on basement- and stratigraphy-
related sites.

Risks and contingency

The proposed sites are located in a region that has been studied
extensively for commercial and scientific purposes; comprehensive
seismic survey data are available; and a number of scientific, strati-
graphic, and industry boreholes exist nearby. All site locations have
been reviewed and approved by the EPSP. However, a number of key
factors pose risks or potential hazards for this expedition, including
the possible presence of hydrocarbons and gas hydrates, fluid over-
pressure, hard sedimentary layers (overburden), hard—soft basalt
drilling, and weather. A detailed safety report was prepared for the
EPSP and is available from JRSO.

This expedition will sail in the later part of the northern hemi-
sphere summer, and sea-surface conditions can be rough in the
North Atlantic. Therefore, adverse weather conditions, sea state,
and the resulting heave can have adverse effects on drilling opera-
tions and can significantly affect core quality and recovery. It may
also cause a significant loss of time.

Three different coring systems (APC, XCB, and RCB) will be
used to ensure we meet the scientific objectives. At most sites, one
RCB hole will be drilled to 200 mbsf, with the goal of sampling over
50 m of basement below. Duplicate holes are planned at two sites
with Paleocene—Eocene stratigraphic targets (Proposed Sites
VMVM-40B and VMVM-55B). These sites will be drilled/cored us-
ing the piston coring (APC/half-length APC [HLAPC]) and XCB
systems to attempt to recover high-quality sequences suitable for
high-resolution Paleocene paleoceanographic studies. The RCB
system will be used in the second hole at Proposed Site VMVM-55B
to achieve the deep penetration target depth of 800 mbsf.

It should be noted that open holes on the Norwegian continen-
tal margin normally may not be deeper than 200 m because of gov-
ernment safety regulations. However, there is precedent of scientific
drilling of deep holes in the margin, and we believe that the Norwe-
gian authorities will allow deeper drilling in this case. To address the
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potential limitations associated with reaching the 800 m deep target
at Proposed Site VMVM-55B, we have envisioned a combination of
a sequence of ribbon sites where key targets of Paleocene/post-Pa-
leocene overburden sediments can be reached with shallow bore-
holes.

Other risks to the successful completion of the program include
operational problems caused by lower than predicted penetration
rates or unstable borehole conditions. Hole stability is always a risk
during coring operations, and the risk is higher when there are lon-
ger sections of open (not cased) hole. Unconsolidated sediments
may create unstable borehole conditions, in particular for reaching
deep targets. Poor hole conditions, such as loose unconsolidated
material or collapsing holes, can prevent our ability to penetrate
deeply or successfully conduct logging. They can also lead to a stuck
drill pipe. A stuck drill string is always a risk during coring opera-
tions and expedition time can be consumed while attempting to free
the stuck drill string or, in the worst case, severing the stuck drill
string. This can result in the complete loss of the hole and loss of
equipment. JOIDES Resolution carries sufficient spare drilling
equipment to enable the continuation of coring, but the time lost to
the expedition can be significant. Hiatuses in the recovered sedi-
ments or incomplete sections may prevent the recovery of key sedi-
mentary sections (e.g., the PETM) and result in not achieving all the
scientific objectives.

Sampling and data sharing strategy

Shipboard and shore-based researchers should refer to the
IODP Sample, Data, and Obligations Policy and Implementation
Guidelines posted on the Web at http://www.iodp.org/top-re-
sources/program-documents/policies-and-guidelines. This doc-
ument outlines the policy for distributing IODP samples and data to
research scientists, curators, and educators. The document also de-
fines the obligations that sample and data recipients incur. The
Sample Allocation Committee (SAC), composed of the Co-Chief
Scientists, Staff Scientist, and IODP Curator on shore and curatorial
representative on board the ship, will work with the entire scientific
party to formulate a formal expedition-specific sampling plan for
shipboard and postcruise sampling.

Shipboard scientists are expected to submit sample requests (at
http://iodp.tamu.edu/curation/samples.html) ~6 months before
the beginning of the expedition. Based on sample requests (ship-
board and shore based) submitted by this deadline, the SAC will
prepare a tentative sampling plan, which will be revised on the ship
as dictated by core recovery and expedition objectives. The sam-
pling plan will be subject to modification depending upon the actual
material recovered and collaborations that may evolve between sci-
entists during the expedition. Modifications of the sampling strat-
egy during the expedition must be approved by the Co-Chief
Scientists, Staff Scientist, and curatorial representative on board the
ship.

The majority of the sampling for postcruise research will be
postponed until a shore-based sampling party that will be imple-
mented approximately 4—6 months after the end of the expedition
at the Bremen Core Repository (BCR) in Bremen, Germany. All
shipboard and approved shore-based scientists, students, and col-
laborators will be invited to help collect the thousands of antici-
pated samples. Sampling on the ship will consist of samples for
shipboard measurements as well as personal research samples for
ephemeral properties and hard rock. Although we will endeavor to
collect as many of the hard rock samples on the ship as possible,
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some of the sampling may take place postcruise during the sampling
party.

The minimum permanent archive will be the standard archive
half of each core and will not be sampled. Following the expedition,
the IODP Curator will finalize the selection of archive halves desig-
nated as permanent over any intervals recovered from multiple
holes at a site. All sample frequencies and sample sizes/volumes
must be justified on a scientific basis and will depend on core recov-
ery, the full spectrum of other requests, and the expedition objec-
tives. Some redundancy of measurement is unavoidable, but
minimizing the duplication of measurements among the shipboard
party and identified shore-based collaborators will be a factor in
evaluating sample requests. Success will require collaboration, inte-
gration of complementary data sets, and consistent methods of
analysis. Substantial collaboration and cooperation are highly en-
couraged.

There may be considerable demand for samples from a limited
amount of cored material for some critical intervals. Critical inter-
vals may require special handling, a higher sampling density, re-
duced sample size, or continuous core sampling for a set of
particularly high-priority research objectives. The SAC may require
an additional formal sampling plan before critical intervals are sam-
pled, and a special sampling plan will be developed to maximize sci-
entific return and scientific participation and to preserve some
material for future studies. The SAC can decide at any stage during
the expedition or during the 1 y moratorium period which recov-
ered intervals should be considered critical.

Following Expedition 396, cores will be delivered to the BCR.
However, the archive halves may be shipped to the IODP Gulf Coast
Repository in College Station, Texas (United States), for postcruise
programmatic X-ray fluorescence core scanning. Upon completion
of these measurements, cores will be sent to the BCR for permanent
storage.

All collected data and samples will be protected by a 1 y morato-
rium period following the completion of the postexpedition sam-
pling party. During this time, data and samples will be available only
to the Expedition 396 shipboard scientists and approved shore-
based participants.

Expedition scientists and scientific
participants

The current list of participants for Expedition 396 can be found at
http://iodp.tamu.edu/scienceops/expeditions/norwegian_conti-
nental_margin_magmatism.html.
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Table T1. Summary of primary sites and drilling targets, Expedition 396. Sites were located based on seismic data in ED50/UTM31 and then transformed to WGS84 latitude/longitude. SP = shotpoint, HR = high resolution, APC = advanced piston corer, XCB = extended core barrel, RCB = rotary core barrel, VSP = vertical seismic profile, UBI = Ultrasonic Borehole Imager, HTVC = hydrothermal vent complex, PETM = Paleocene/Eocene Thermal Maximum,

SDR = seaward-dipping reflector.
https://doi.org/10.14379/iodp.sp.396.2021

Water Basalt Total
Site Primary/ Longitude Latitude UTM31(X) UTM31(Y) Longitude Latitude UTM31(X) UTM31(Y) Seismic In-line SP-Primary SP-Crossing Main line Cross-line Main line Cross-line depth thickness depth
name Alternate (WGS84) (WGS84) WGS84 WGS84 (ED50) (ED50) ED50 ED50 volume number Line Cross-line Line (HR) (HR) (CAGE20-4) (CAGE20-4) (m) Sediments (m) (m) Target Location XCB RCB Duplicate VSP Logs UBI Comments
VMVM-20A Pri 274982 6496270 488186 7204320 275180 64.96300 488279 7204530  AMN17-PRCMIG 6464 1020 1294 6464 AMN17-PRCMIG-6464 AMN17-PRCMIG-1294 2D Line 002 2D Line 005 and 001 2077 30 m Neogene 0 200 Sub-basalt Kolga High 1 X (x)
VMVM-21A Alt 274682 6495750 488042 7203740 274880 64.95780 488135 7203960 AMN17-PRCMIG 6496 1020 1294 6496 AMN17-PRCMIG-6496 AMN17-PRCMIG-1294 2D Line 003 2D Line 005 2078 45 m Neogene 0 200 Sub-basalt Kolga High 2 X X ()
VMVM-22A Alt 278692 6494460 489931 7202290  2.78890  64.94490 490024 7202510  AMN17-PRCMIG 6547 1194 1468 6547 AMN17-PRCMIG-6547 AMN17-PRCMIG-1468 2D Line 004 — 2017 85 m Neogene 0 200 Sub-basalt Kolga High 3 X X (x)
VMVM-23A Pri 272922 6496480 487214 7204550 273120 64.96510 487307 7204770 AMN17-PRCMIG 6464 940 1214 6464 AMN17-PRCMIG-6464 AMN17-PRCMIG-1214 2D Line 002 2D Line 006 and 007 2137 25 m Neogene 375 400 Initial basalt Kolga High 1 X (x) (x) (x)
VMVM-24A Alt 272622 6495960 487070 7203980 272820 64.95990 487163 7204190  AMN17-PRCMIG 6496 940 1214 6496 AMN17-PRCMIG-6496 AMN17-PRCMIG-1214 2D Line 003 2D Line 006 2145 30 m Neogene 370 400 Initial basalt Kolga High 2 X x) ) X
VMVM-25A Alt 272152 6495120 486844 7203040 272350 6495150 486937 7203260 AMN17-PRCMIG 6547 940 1214 6547 AMN17-PRCMIG-6547 AMN17-PRCMIG-1214 2D Line 004 2D Line 006 2160 25 m Neogene 375 400 Initial basalt Kolga High 3 X (x) (x) (x)
VMVM-31A Pri 3.05430 65.36420 502526 7249040 3.05630 6536450 502619 7249260  AMN17-PRCMIG 3966 1291 1565 3966 AMN17-PRCMIG-3966 AMN17-PRCMIG-1565 HydroVent3D HydroVent3D, 2D Line 008 1707 55 m pre-Paleocene 0 200 Paleogene sediments  North Modgunn 1 (x) X
VMVM-32A Alt 3.05850 65.37140 502720 7249850  3.06050 65.37170 502813 7250060 AMN17-PRCMIG 3922 1291 1565 3922 AMN17-PRCMIG-3922 AMN17-PRCMIG-1565 HydroVent3D HydroVent3D, 2D Line 008 1695 55 m pre-Paleocene 0 200 Paleogene sediments  North Modgunn 2 (x) X
VMVM-33A Alt 3.09269 6540620 504305 7253730  3.09470 65.40650 504398 7253950 AMN17-PRCMIG 3701 1341 1615 3701 AMN17-PRCMIG-3701 AMN17-PRCMIG-1615 2D Line 009 2D Line 010 1673 110 m pre-Paleocene 0 200 Paleogene sediments  North Modgunn 3 (x)
VMVM-40B Pri 3.05180 65.35990 502410 7248560 3.05380 65.36020 502503 7248780  AMN17-PRCMIG 3992 1291 1565 3992 AMN17-PRCMIG-3992 AMN17-PRCMIG-1565 HydroVent3D HydroVent3D, 2D Line 008 1696 40 m pre-Paleocene 0 200 HTVC North Modgunn 1 Gas, mineralization
VMVM-41A Alt 306120 6537590 502845 7250350  3.06320 65.37620 502938 7250570  AMN17-PRCMIG 3894 1291 1565 3894 AMN17-PRCMIG-3894 AMN17-PRCMIG-1565 HydroVent3D HydroVent3D, 2D Line 008 1686 65 m pre-Paleocene 0 200 HTVC North Modgunn Gas, mineralization
VMVM-42A Alt 3.07149 6540830 503320 7253960 3.07350 65.40860 503413 7254180 AMN17-PRCMIG 3701 1260 1534 3701 AMN17-PRCMIG-3701 AMN17-PRCMIG-1534 CAGE20-4, 2D Line 009 — 1695 135 m pre-Paleocene 0 300 HTVC North Modgunn Gas, mineralization
VMVM-51A Alt 1.95852 65.87320 452498 7306170 1.96060 65.87350 452591 7306390 JCE;J,\SE:AN CFIMNR11-7324 7178 1S s - o 2D Line 017 2D Line 018 2147 200 m pre-Paleocene 0 800 Mimir High Mimir High X Duplicate on PETM (if we find it)
VMVM-55B Pri 202682 6583130 455541 7301450  2.02890 65.83160 455634 7301670  CFI-MNR CFI-MNR07-7319 15560 — — MimirHigh3D, 2D Line 017 MimirHigh3D,2D Line 013 2186 255 m pre-Paleocene 0 800 Mimir High Mimir High 1 X Duplicate on PETM (if we find it)
VMVM-56A; Start | Ribbon  Alt 1.95602 65.82800 452300 7301130 1.95810 65.82830 452393 7301350 CFI-MNR CFI-MNR07-7319 15300 — — MimirHigh3D MimirHigh3D, 2D Line 013 2285 0 200 Mimir High Mimir High 3 X Duplicate on PETM (if we find it)
VMVM-56A; End | Ribbon  Alt 199962 65.83010 454296 7301330 2.00170 65.83040 454389 7301550  CFI-MNR CFI-MNR07-7319 15460 — — MimirHigh3D MimirHigh3D, 2D Line 013 2203 0 200 Mimir High Mimir High 3 X Duplicate on PETM (if we find it)
VMVM-61A Pri 373746 6730670 531749 7465760  3.73960 67.30690 531842 7465980  CVX1101-PSTM 1852 3267 5057 1062 — — — — 1200 125m 175 300 Basalt sequence 1 Skoll High 1 X X
VMVM-62A Alt 3.67576 67.28910 529114 7463760 3.67790 67.28930 529208 7463980 CVX1101-PSTM 1832 3006 4796 1042 — — — —_ 1198 115m 185 300 Basalt sequence 2 Skoll High 2 X X
VMVM-07A Pri 361935 6733080 526638 7468390 3.62150 6733100 526731 7468610 CVX1101-PSTM 2041 2436 4796 1251 — — — — 1206 220 m 180 400 Basalt sequence 2 Skoll High 1 X X Intra basalt sediments
VMVM-71A Alt 369456 6733840 529862 7469270  3.69670 67.33860 529956 7469490  CVX1101-PSTM 2012 3267 5057 1222 — — — — 1200 195m 205 400 Basalt sequence 3 Skoll High 2 X X Intra basalt sediments
VMVM-80A Pri 464057 68.60020 566797 7610680 4.64280 68.60040 566890 7610900 HV96 HV96-7 4728 — — — — 2864 210m 100 310 Outer High Norwegian Sea 1 X Intra basalt sediments
VMVM-81A Alt 458257 68.62640 564360 7613540 4.58480 68.62660 564454 7613760  HV96 HV96-7 5030 — — — — 2913 55m 145 200 Outer High Norwegian Sea 2 X Intra basalt sediments
VMVM-09A Pri 579491 6876040 612963 7630210 579710 68.76050 613057 7630430  HV96 HV96-6 2355 — — — — 3156  450m 100 550 Outer SDR Norwegian Sea 1 X (x)
VMVM-10B Alt 412833 68.83040 545472 7635870 4.13060 68.83060 545565 7636090 HV96 HV96-7 7370 HV96-8 495 — — — — 3237 650 m 100 750 Outer SDR Norwegian Sea X ()
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Table T2. Operations and time estimate for primary sites, Expedition 396. Site coordinates in WGS84. EPSP = Environmental Protection and Safety Panel, RCB =
rotary core barrel, APC = advanced piston corer, XCB = extended core barrel, triple combo = triple combination, UBI = Ultrasonic Borehole Imager, FMS = For-
mation MicroScanner, VSP = vertical seismic profile.

Site No. :-;‘:?ttl::z Seafloor Depth Operations Description Transit 2:':;:: Logging
Longitude) (mbrf) (days) (days) (days)
Reykjavik Begin Expedition 5.0 port call days
Transit ~735 nmi to VMVM-20A @ 10.5 2.9
VMVM-20A 64° 57.7620' N 2088 Hole A - RCB to 200 mbsf - Log with Triple Combo w/UBI & FMS Sonic 2.0 0.8
EPSP 2°44.9892' E
to 200 mbsf
Sub-Total Days On-Site: 2.8
Transit ~1 nmi to VMVM-23A @ 1.5 0.0
VMVM-23A 64° 57.8880' N 2148 Hole A - RCB to 200 mbsf - Log with Triple Combo w/UBI, FMS Sonic & VSP 4.3 0.9
EPSP 2°43.7532'E
to 400 mbsf
Sub-Total Days On-Site: 5.2
Transit ~25 nmi to VMVM-31A @ 10.5 0.1
VMVM-31A 65° 21.8520' N 1718 Hole A - APC/XCB to 200 mbsf - Log with Triple Combo w/UBI, FMS Sonic & VSP 1.5 0.7
EPSP 3°3.2580'E
to 200 mbsf
Sub-Total Days On-Site: 2.2
Transit ~0 nmi to VMVM-40B @ 1.5 0.0
VMVM-40B 65° 21.5940' N 1707 Hole A - XCB to 200 mbsf 1.5
EPSP 3°3.1080'E Hole B - XCB to 200 mbsf - Log with Triple Combo, FMS Sonic & VSP 1.5 0.7
to 200 mbsf
Sub-Total Days On-Site: 3.7
Transit ~38 nmi to VMVM-55B @ 10.5 0.1
VMVM-55B 65° 49.8780' N 2197 Hole A - XCB to 300 mbsf 21
EPSP 2°1.6092' E Hole B - RCB to 800 mbsf - Log with Triple Combo, FMS Sonic & VSP 6.9 1.9
to 800 mbsf
Sub-Total Days On-Site:  10.9
Transit ~97 nmi to VMVM-61A @ 10.5 0.4
VMVM-61A 67° 18.4020' N 1211 Hole A - RCB to 240 mbsf - Log with Triple Combo w/UBI, FMS Sonic & VSP 3.1 0.9
EPSP 3°44.2476' E
to 300 mbsf
Sub-Total Days On-Site: 4.0
Transit ~3 nmi to VMVM-07A @ 1.5 0.1
VMVM-07A 67°19.8480' N 1217 Hole A - RCB to 320 mbsf - Log with Triple Combo w/UBI, FMS Sonic & VSP 3.6 1.0
EPSP 3°37.1610'E
to 400 mbsf
Sub-Total Days On-Site: 4.6
Transit ~80 nmi to VMVM-80A @ 10.5 0.3
VMVM-80A 68° 36.0120' N 2875 Hole A - RCB to 310 mbsf - Log with Triple Combo w/UBI & FMS Sonic 4.2 0.9
EPSP 4° 38.4342' E
to 310 mbsf
Sub-Total Days On-Site: 4.6
Transit ~27 nmi to VMVM-09A @ 10.5 0.1
VMVM-09A 68° 45.6240' N 3167 Hole A - RCB to 550 mbsf - Log with Triple Combo w/UBI, FMS Sonic & VSP 6.9 1.5
EPSP 5° 47.6940' E Hole B - APC/XCB to 200 mbsf 2.1
to 550 mbsf
Sub-Total Days On-Site: 10.5
Transit ~764 nmi to Kristiansand @ 10.5 3.0
Kristiansand End Expedition 7.0 39.7 9.3
Port Call: 5.0 Total Operating Days: 56.0
Sub-Total On-Site: 49.0 Total Expedition: 61.0
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Figure F1. Distribution of Paleogene igneous breakup complexes and oceanic structures in northeast and northwest Atlantic. Scientific boreholes and pro-
posed drilling sites are shown. Compiled from Abdelmalak et al. (2016a, 2016b, 2017, 2019), Berndt et al. (2001b), Boldreel and Andersen (1994), Davison et al.

Expedition 396 Scientific Prospectus

(2010), Elliott and Parson (2008), Geissler et al. (2016), Reynolds et al. (2017), and Ritchie et al. (1999). SDR = seaward-dipping reflector.
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Figure F2. Schematic crustal profile across central part of mid-Norwegian continental (cont.) margin, focusing on volcanic seismic facies units (italics; see
Planke et al., 2000) and intrusive magmatic complexes. Modified from Millett et al. (2020), Zastrozhnov et al. (2020), and Abdelmalak et al. (2017). SDR = sea-
ward-dipping reflector, COB = continent/ocean boundary, LCB = lower crustal body, TR = T-reflection, sed. = sediments.
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Figure F3. Melt generation models of volcanic rifted margins. A. Igneous oceanic crustal thickness vs. spreading rate (Bown and White, 1994). B. Contrasting
rifted margin magmatic modes. C. Forward model prediction of “normal” magmatic margin with 6 km igneous crust. D. Model prediction of igneous crustal
thickness as a function of mantle potential temperature (G. Lu and R. Huismans, pers. comm., 2020). COB = continent/ocean boundary, MOR = mid-ocean ridge.
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Figure F4. Data base and structural framework of the mid-Norwegian volcanic rifted margin (study area in Figure F1; modified from Zastrozhnov et al., 2020).
Light gray dots = Expedition 396 primary proposed sites. Data courtesy of TGS. SDR = seaward-dipping reflector, HTVC = hydrothermal vent complex.
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Figure F5. Interpreted basalt distribution and geomorphology along mid-Norwegian volcanic rifted margin (study area in Figure F1; modified from Millett et
al,, 2020). A-C. Data courtesy of TGS. A, B. Basalt distribution and thickness on north Megre and Varing margins based on extensive seismic mapping of regional
2-D and recent industry 3-D seismic cubes. C. Thickness of postbreakup sediments showing regions with sediment thickness <200 m in color scale. D. Part of
seismic 3-D cube on Vering Marginal High showing location of Proposed Sites VMVM-61A and VMVM-07A. Site VMVM-61A will sample lava flow field of
Sequence 2. Site VMVM-07A will sample onlapping pitted surface of Sequence 1.
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Figure F6. Northeast Atlantic volcanism corresponding to a warming Paleocene-Eocene climate (61.6-50 Ma; green rectangles). Early Paleogene is on 2012
geologic timescale (Ogg, 2012). Age data are filtered to only include robust “°Ar/*°Ar mineral ages (recalculated to conform to Fish Canyon sanidine age of
Kuiper et al., 2008) and U-Pb zircon ID-TIMS ages (Chambers et al.,, 2005; Ganergd et al., 2010, 2011; Hamilton et al.,, 1998; Jolley et al., 2002; Larsen et al., 2016;
Storey et al., 1998, 2007b; Svensen et al.,, 2010; Wilkinson et al., 2017). A. Synthesis of climatic proxies (C and O isotopes from Cramer et al. [2009] and Littler et
al. [2014]) and known ages of activity in North Atlantic Igneous Province (NAIP). K = Cretaceous. EECO = Early Eocene Climatic Optimum, ETM2 = Eocene
Thermal Maximum 2, PETM = Paleocene/Eocene Thermal Maximum. B. Expedition 396 target Paleogene sedimentary interval showing magnetic reversals
(magnetochrons), key taxa, palynozones (Kjoberg et al., 2017), and formation names in Vering Basin. LO = last occurrence. C. Climatic variability of Cenozoic as
compiled by Westerhold et al. (2020).
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Figure F7. Volcanic seismic facies unit sketch showing schematic location of proposed drill sites (see Figure F2) and seismic reflection data across proposed
primary sites. Data courtesy of TGS.
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Site summaries
Site VMVM-20A (Kolga High subbasalt)

Expedition 396 Scientific Prospectus

Site VMVM-23A (Kolga High initial basalt)

penetration (mbsf):

Priority: Primary Priority: Primary
Position: 64.9627°N, 2.74982°E (WGS84); 64.9630°N, 2.75180°E (ED50) Position: 64.9648°N, 2.72922°E (WGS84); 64.9651°N, 2.73120°E (ED50)
Water depth (m): 2077 Water depth (m): 2137
Target drilling depth 200 Target drilling depth 400
(mbsf): (mbsf):
Approved maximum 200 Approved maximum 400

penetration (mbsf):

Survey coverage (track
map; seismic profile):

AMN?17 (In-line [IL] 6464 shotpoint [SP] 1020/Cross-line [XL]
1294 SP 6464)

Track map (Figure AF1)

Seismic profiles (Figure AF1)

Objective(s):

To characterize age and lithology of subbasalt sequences on
the Kolga High

Coring program:

Hole A: RCB to bit destruction or 200 mbsf

Downhole Triple combo and FMS-sonic
measurements
program:

Nature of rock Pliocene-Pleistocene mud (30 m) above Mesozoic sediments
anticipated:

Site VMVM-21A (Kolga High subbasalt)

Priority:

Alternate

Position:

64.9575°N, 2.74682°E (WGS84); 64.9578°N, 2.74880°E (ED50)

Water depth (m):

2078

penetration (mbsf):

Target drilling depth 200
(mbsf):
Approved maximum 200

Survey coverage (track
map; seismic profile):

AMN17 (IL 6496 SP 1020/XL 1294 SP 6496)
Track map (Figure AF2)
Seismic profiles (Figure AF2)

Objective(s):

To characterize age and lithology of subbasalt sequences on
the Kolga High

Coring program:

Hole A: RCB to bit destruction or 200 mbsf

Downhole Triple combo and FMS-sonic
measurements
program:

Nature of rock Pliocene-Pleistocene mud (45 m) above Mesozoic sediments
anticipated:

Site VMVM-22A (Kolga High subbasalt)

Priority:

Alternate

Position:

64.9446°N, 2.78692°F (WGS84); 64.9449°N, 2.78890°E (ED50)

Water depth (m):

2017

penetration (mbsf):

Target drilling depth 200
(mbsf):
Approved maximum 200

Survey coverage (track
map; seismic profile);

AMN17 (IL 6547 SP 1194/XL 1468 SP 6547)
Track map (Figure AF3)
Seismic profiles (Figure AF3)

Objective(s):

To characterize age and lithology of subbasalt sequences on
the Kolga High

Coring program:

Hole A: RCB to bit destruction or 200 mbsf

Downhole Triple combo and FMS-sonic
measurements
program:

Nature of rock Neogene sediments (85 m)
anticipated:
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Survey coverage (track
map; seismic profile):

AMN17 (IL 6464 SP 940/XL 1214 SP 6464)
Track map (Figure AF4)
Seismic profiles (Figure AF4)

Objective(s):

To characterize age and lithology of initial basalt sequences
on the Kolga High

Coring program:

Hole A: RCB to bit destruction or 400 mbsf

Downhole Triple combo, FMS-sonic-UBI, and vertical seismic profile
measurements (VSP)
program:

Nature of rock Pliocene-Pleistocene mud (25 m) above Paleogene lava flows|
anticipated:

Site VMVM-24A (Kolga High initial basalt)

penetration (mbsf):

Priority: Alternate
Position: 64.9596°N, 2.72622°E (WGS84); 64.9599°N, 2.72820°E (ED50)
Water depth (m): 2145
Target drilling depth 400
(mbsf):
Approved maximum 400

Survey coverage (track
map; seismic profile):

AMN17 (IL 6496 SP 940/IL 1214 SP 6496)
Track map (Figure AF5)
Seismic profiles (Figure AF5)

Objective(s):

To characterize age and lithology of initial basalt sequences
on the Kolga High

Coring program:

Hole A: RCB to bit destruction or 400 mbsf

Downhole Triple combo, FMS-sonic-UBI, and VSP
measurements
program:

Nature of rock Pliocene-Pleistocene mud (30 m) above Paleogene lava flows|
anticipated:

Site VMVM-25A (Kolga High initial basalt)

penetration (mbsf):

Priority: Alternate
Position: 64.9512°N, 2.72152°E (WGS84); 64.9515°N, 2.7235°E (ED50)
Water depth (m): 2160
Target drilling depth 400
(mbsf):
Approved maximum 400

Survey coverage (track
map; seismic profile):

AMN17 (IL 6547 SP 940/XL 1214 SP 6547)
Track map (Figure AF6)
Seismic profiles (Figure AF6)

Objective(s):

To characterize age and lithology of initial basalt sequences
on the Kolga High

Coring program:

Hole A: RCB to bit destruction or 400 mbsf

Downhole Triple combo, FMS-sonic-UBI, and VSP
measurements
program:

Nature of rock Pliocene-Pleistocene mud (25 m) above Paleogene lava flows|
anticipated:
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Site VMVM-31A (North Modgunn Paleogene

sediments)
Priority: Primary
Position: 65.3642°N, 3.0543°E (WGS84); 65.3645°N, 3.0563°E (ED50)

Water depth (m):

1707

Target drilling depth 200
(mbsf):
Approved maximum 200

penetration (mbsf):

Survey coverage (track
map; seismic profile):

AMN17 (IL 3966 SP 1291/XL 1565 SP 3966)
Track map (Figure AF7)
Seismic profiles (Figure AF7)

Objective(s):

To characterize age and lithology of Paleogene sediments in
reference site

Coring program:

Hole A: APC/XCB to 200 mbsf; RCB to 200 mbsf if stiff
sediments

Downhole Triple combo, FMS-sonic-UBI, and VSP
measurements
program:

Nature of rock Pliocene-Pleistocene mud (55 m) above Paleogene
anticipated: mudstones

Site VMVM-32A (North Modgunn Paleogene

Expedition 396 Scientific Prospectus

Site VMVM-40B (North Modgunn HTVCQ)

penetration (mbsf):

Priority: Primary
Position: 65.3599°N, 3.0518°E (WGS84); 65.3602°N, 3.0538°E (ED50)
Water depth (m): 1696
Target drilling depth 200
(mbsf):
Approved maximum 200

Survey coverage (track
map; seismic profile):

AMN17 (IL 3992 SP 1291/XL 1565 SP 3992)
Track map (Figure AF10)
Seismic profiles (Figure AF10)

Objective(s):

To characterize age and lithology of hydrothermal vent
complex (HTVC) crater infill

Coring program:

Hole A: APC/XCB to 200 mbsf; RCB to 200 mbsf if stiff
sediments

Downhole Triple combo, FMS-sonic-UBI, and VSP
measurements
program:

Nature of rock Pliocene-Pleistocene mud (40 m) above Paleogene
anticipated: mudstones

Site VMVM-41A (North Modgunn HTVC)

Priority: Alternate
sediments) Position: 65.3759°N, 3.0612°E (WGS84); 65.3762°N, 3.0632°E (ED50)

Water depth (m): 1686

Priority: Alternate Target drilling depth 200

Position: 65.3714°N, 3.0585°E (WGS84); 65.3717°N, 3.0605°E (ED50) (mbsf):

Water depth (m): 1695 Approved maximum 200

Target drilling depth | 200 penetration (mbsf):

(mbsf): Survey coverage (track| AMN17 (IL 3894 SP 1291/XL 1565 SP 3894)
Approved maximum 200 map; seismic profile); Track map (Figure AF11)

penetration (mbsf):

Survey coverage (track
map; seismic profile):

AMN17 (IL 3922 SP 1291/XL 1565 SP 3922)
Track map (Figure AF8)
Seismic profiles (Figure AF8)

Seismic profiles (Figure AF11)

Objective(s):

To characterize age and lithology of HTVC crater infill

Coring program:

Hole A: APC/XCB to 200 mbsf; RCB to 200 mbsf if stiff
sediments

Objective(s):

To characterize age and lithology of Paleogene sediments in
reference site

Coring program:

Hole A: APC/XCB to 200 mbsf; RCB to 200 mbsf if stiff
sediments

Downhole Triple combo and FMS-sonic-UBI
measurements
program:

Nature of rock Pliocene-Pleistocene mud (55 m) above Paleogene
anticipated: mudstones

Site VMVM-33A (North Modgunn Paleogene

sediments)
Priority: Alternate
Position: 65.4062°N, 3.09269°E (WGS84); 65.4065°N, 3.09470°E (ED50)

Water depth (m):

1673

penetration (mbsf):

Target drilling depth 200
(mbsf):
Approved maximum 200

Survey coverage (track
map; seismic profile);

AMN17 (IL 3701 SP 1341/XL 1615 SP 3701)
Track map (Figure AF9)
Seismic profiles (Figure AF9)

Objective(s):

To characterize age and lithology of Paleogene sediments in
reference site

Coring program:

Hole A: APC/XCB to 200 mbsf; RCB to 200 mbsf if stiff
sediments

Downhole Triple combo and FMS-sonic-UBI
measurements
program:

Nature of rock Pliocene-Pleistocene mud (110 m) above Paleogene
anticipated: mudstones

22

Downhole Triple combo, FMS-sonic-UBI, and VSP
measurements
program:

Nature of rock Pliocene-Pleistocene mud (65 m) above Paleogene
anticipated: mudstones

Site VMVM-42A (North Modgunn HTVC)

penetration (mbsf):

Priority: Alternate
Position: 65.4083°N, 3.07149°E (WGS84); 65.4086°N, 3.07350°E (ED50)
Water depth (m): 1695
Target drilling depth 300
(mbsf):
Approved maximum 300

Survey coverage (track
map; seismic profile);

AMN17 (IL 3701 SP 1260/XL 1534 SP 3701)
Track map (Figure AF12)
Seismic profiles (Figure AF12)

Objective(s):

To characterize age and lithology of HTVC crater infill

Coring program:

Hole A: APC/XCB to 300 mbsf; RCB to 300 mbsf if stiff
sediments

Downhole Triple combo, FMS-sonic-UBI, and VSP
measurements
program:

Nature of rock Pliocene-Pleistocene mud (135 m) above Paleogene
anticipated: mudstones
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Site VMVM-51A (Mimir High)

Expedition 396 Scientific Prospectus

Site VMVM-56A ribbon end (Mimir High)

Priority:

Alternate

Priority:

Alternate

Position:

65.8732°N, 1.95852°E (WGS84); 65.8735°N, 1.9606°E (ED50)

Position:

65.8301°N, 1.99962°E (WGS84); 65.8304°N, 2.0017°E (ED50)

Water depth (m):

2147

Water depth (m):

2203

penetration (mbsf):

penetration (mbsf):

Target drilling depth 800 Target drilling depth 200
(mbsf): (mbsf):
Approved maximum 800 Approved maximum 200

Survey coverage (track
map; seismic profile):

MNR11-7324 7178/JCIL 14213 SP 24851
Track map (Figure AF13)
Seismic profiles (Figure AF13)

Survey coverage (track
map; seismic profile):

MNRO07-7319 15460
Track map (Figure AF16)
Seismic profiles (Figure AF16)

Objective(s):

To characterize Paleogene sediments and PETM interval

Objective(s):

To characterize Paleogene sediments and PETM interval

Coring program:

Hole A: APC/XCB to 800 mbsf
Hole B: RCB to 800 mbsf

Coring program:

Hole A: APC/XCB to 200 mbsf; RCB to 200 mbsf if stiff
sediments

Downhole Triple combo, FMS-sonic-UBI, and VSP Downhole Triple combo and FMS-sonic-UBI
measurements measurements
program: program:

Nature of rock Pliocene-Pleistocene mud (200 m) above Paleogene Nature of rock Pliocene-Pleistocene mud above Paleogene mudstones
anticipated: mudstones anticipated:

Site VMVM-55B (Mimir High) Site VMVM-61A (Skoll High basalt Sequence 1)
Priority: Primary Priority: Primary
Position: 65.8313°N, 2.02682°E (WGS84); 65.8316°N, 2.02890°E (ED50) Position: 67.3067°N, 3.73746°E (WGS84); 67.3069°N, 3.7396°E (ED50)

Water depth (m):

2186

Water depth (m):

1200

penetration (mbsf):

penetration (mbsf):

Target drilling depth 800 Target drilling depth 300
(mbsf): (mbsf):
Approved maximum 800 Approved maximum 300

Survey coverage (track
map; seismic profile):

MNR07-7319 15560
Track map (Figure AF14)
Seismic profiles (Figure AF14)

Survey coverage (track
map; seismic profile):

CVX1101 (IL 1852 SP 3267/XL 5057 SP 1062)
Track map (Figure AF17)
Seismic profiles (Figure AF17)

Site VMVM-56A ribbon start (Mimir High)

Priority:

Alternate

Position:

65.8280°N, 1.9560°E (WGS84); 65.8283°N, 1.95810°E (ED50)

Water depth (m):

2285

penetration (mbsf):

Target drilling depth 200
(mbsf):
Approved maximum 200

Survey coverage (track
map; seismic profile);

MNR07-7319 15300
Track map (Figure AF15)
Seismic profiles (Figure AF15)

Objective(s):

To characterize Paleogene sediments and PETM interval

Coring program:

Hole A: APC/XCB to 200 mbsf; RCB to 200 mbsf if stiff
sediments

Downhole Triple combo and FMS-sonic-UBI
measurements
program:

Nature of rock Pliocene-Pleistocene mud above Paleogene mudstones
anticipated:

23

Objective(s): To characterize Paleogene sediments and PETM interval Objective(s): To sample basaltic lava flows, Sequence 1
Coring program: Hole A: APC/XCB to 800 mbsf Coring program: Hole A: RCB to 300 mbsf
Hole B: RCB to 800 mbsf Downhole Triple combo, FMS-sonic-UBI, and VSP

Downhole Triple combo, FMS-sonic-UBI, and VSP measurements

measurements program:

program: Nature of rock Postbreakup sediments (125 m) above basaltic basement
Nature of rock Pliocene-Pleistocene mud (255 m) above Paleogene anticipated:

anticipated: mudstones

Site VMVM-62A (Skoll High basalt Sequence 1)

Priority: Alternate
Position: 67.2891°N, 3.67576°E (WGS84); 67.2893°N, 3.6779°E (ED50)
Water depth (m): 1198
Target drilling depth 300
(mbsf):
Approved maximum 300

penetration (mbsf):

Survey coverage (track
map; seismic profile):

CVX1101 (IL 1832 SP 3006/XL 4796 SP 1042)
Track map (Figure AF18)
Seismic profiles (Figure AF18)

Objective(s): To sample basaltic lava flows, Sequence 1

Coring program: Hole A: RCB to 300 mbsf

Downhole Triple combo, FMS-sonic-UBI, and VSP
measurements
program:

Nature of rock Postbreakup sediments (115 m) above basaltic basement
anticipated:
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Site VMVM-07A (Skoll High basalt Sequence 2)

Expedition 396 Scientific Prospectus

Site VMVM-09A (Outer SDR)

Priority: Primary Priority: Primary
Position: 67.3308°N, 3.61935°E (WGS84); 67.3310°N, 3.62150°E (ED50) Position: 68.7604°N, 5.79491°E (WGS84); 68.7605°N, 5.79710°E (ED50)
Water depth (m): 1206 Water depth (m): 3156
Target drilling depth 400 Target drilling depth 550
(mbsf): (mbsf):
Approved maximum 400 Approved maximum 550

penetration (mbsf):

penetration (mbsf):

Survey coverage (track
map; seismic profile):

CVX1101 (IL 2041 SP 2436/XL 4796 SP 1251)
Track map (Figure AF19)
Seismic profiles (Figure AF19)

Survey coverage (track
map; seismic profile):

HV96-6 SP 2355
Track map (Figure AF23)
Seismic profiles (Figure AF23)

Objective(s): To sample basaltic lava flows, Sequence 2 Objective(s): To sample Outer SDR basalts

Coring program: Hole A: RCB to 400 mbsf Coring program: Hole A: RCB to 550 mbsf

Downhole Triple combo, FMS-sonic-UBI, and VSP Downhole Triple combo, FMS-sonic-UBI, and VSP
measurements measurements
program: program:

Nature of rock Postbreakup sediments (220 m) above basaltic basement Nature of rock Postbreakup sediments (450 m) above basaltic basement
anticipated: anticipated:

Site VMVM-71A (Skoll High basalt Sequence 2)

Site VMVM-10B (Outer SDR)

penetration (mbsf):

penetration (mbsf):

Priority: Alternate Priority: Alternate
Position: 67.3384°N, 3.69456°E (WGS84); 67.3386°N, 3.6967°E (ED50) Position: 68.8304°N, 4.12833°E (WGS84); 68.8306°N, 4.13060°E (ED50)
Water depth (m): 1200 Water depth (m): 3237
Target drilling depth 400 Target drilling depth 750
(mbsf): (mbsf):
Approved maximum 400 Approved maximum 750

Survey coverage (track
map; seismic profile):

CVX1101 (IL 2012 SP 3267/XL 5057 SP 1222)
Track map (Figure AF20)
Seismic profiles (Figure AF20)

Survey coverage (track
map; seismic profile):

HV96-7 SP 7370/HV96-8 SP 495
Track map (Figure AF24)
Seismic profiles (Figure AF24)

Objective(s): To sample basaltic lava flows, Sequence 2 Objective(s): To sample Outer SDR basalts

Coring program: Hole A: RCB to 400 mbsf Coring program: Hole A: RCB to 750 mbsf

Downhole Triple combo, FMS-sonic-UBI, and VSP Downhole Triple combo, FMS-sonic-UBI, and VSP
measurements measurements
program: program:

Nature of rock Postbreakup sediments (195 m) above basaltic basement Nature of rock Postbreakup sediments (650 m) above basaltic basement
anticipated: anticipated:

Site VMVM-80A (Outer High) Hole 642E

Priority: Primary Priority: Alternate

Position: 68.6002°N, 4.64057°E (WGS84); 68.6004°N, 4.6428°E (ED50) Position (642E): 67°13.200'N, 2°55.800'E (WGS84)

Water depth (m): 2864 Water depth (m): 1272

map; seismic profile);

Track map (Figure AF21)
Seismic profiles (Figure AF21)

Objective(s): To sample Outer High volcanogenic rocks

Coring program: Hole A: RCB to 310 mbsf

Downhole Triple combo and FMS-sonic-UBI
measurements
program:

Nature of rock Postbreakup sediments (210 m) above basaltic basement
anticipated:

Site VMVM-81A (Outer High)

Priority:

Alternate

Position:

68.6264°N, 4.58257°E (WGS84); 68.6266°N, 4.5848°E (ED50)

Water depth (m):

2913

penetration (mbsf):

Target drilling depth 200
(mbsf):
Approved maximum 200

Survey coverage (track
map; seismic profile);

HV96-7 SP 5030
Track map (Figure AF22)
Seismic profiles (Figure AF22)

Objective(s): To sample Outer High volcanogenic rocks

Coring program: Hole A: RCB to 200 mbsf

Downhole Triple combo and FMS-sonic-UBI
measurements
program:

Nature of rock Postbreakup sediments (55 m) above basaltic basement
anticipated:

24

map; seismic profile);

Target drilling depth 310 Target drilling depth Not applicable (NA)
(mbsf): (mbsf):

Approved maximum 310 Approved maximum NA
penetration (mbsf): penetration (mbsf):

Survey coverage (track| HV96-7 SP 4728 Survey coverage (track| NA

Objective(s): Log in Hole 642E

Coring program: None

Downhole Triple combo, FMS-sonic-UBI, and VSP
measurements
program:

Nature of rock Reentry of Hole 642E for temperature and logging
anticipated:
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Figure AF1.Track map and seismic profiles, primary Proposed Site VMVM-20A. SP = shotpoint. SSDB = Site Survey Data Bank.

Site Figure for VMVM-20A | Primary
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Data
Remarks: Three 3D seismic volumes are available in the area: shallow high
resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT).

T

Site location:
AMN17-PRCMIG-Inline_6464 (SP-1020) // AMN17-PRCMIG-Xline_1294 (SP-6464)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Additional data: Velocity cube, gravity and magnetic grids.
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Figure AF2. Track map and seismic profiles, alternate Proposed Site VMVM-21A. SP = shotpoint. SSDB = Site Survey Data Bank.

Site Figure for VMVM-21A | Alternate
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Remarks: Three 3D seismic volumes are available in the area: shallow high
resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT)

Site location:
AMN17-PRCMIG-Inline_6496 (SP-1020) // AMN17-PRCMIG-Xline_1294 (SP-6469)
Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.
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Figure AF3.Track map and seismic profiles, alternate Proposed Site VMVM-22A. SP = shotpoint. SSDB = Site Survey Data Bank.

Site Figure for VMVM-22A | Alternate
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Data
Remarks: Three 3D seismic volumes are available in the area: shallow high
resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT).

Site location:
AMN17-PRCMIG-Inline_6547 (SP-1194) // AMN17-PRCMIG-Xline_1468 (SP-6547)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Additional data: Velocity cube, gravity and magnetic grids.
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Figure AF4.Track map and seismic profiles, primary Proposed Site VMVM-23A. SP = shotpoint. SSDB = Site Survey Data Bank.

Site Figure for VMVM-23A | Primary
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Data
Remarks: Three 3D seismic volumes are available in the area: shallow high
resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT).

T

Site location:
AMN17-PRCMIG-Inline_6464 (SP-940) // AMN17-PRCMIG-Xline_1214 (SP-6464)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.
Additional data: Velocity cube, gravity and magnetic grids.
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Expedition 396 Scientific Prospectus

Figure AF5. Track map and seismic profiles, alternate Proposed Site VMVM-24A. SP = shotpoint. SSDB = Site Survey Data Bank.

Site Figure for VMVM-24A | Alternate

Coordinates: 64.95960° N, 002.72622° E (WGS84)
Water depth: 2145 m
Penetration: 400 m

Data
Remarks: Three 3D seismic volumes are available in the area: shallow high
resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT).

Site location:
AMN17-PRCMIG-Inline_6496 (SP-940) // AMN17-PRCMIG-Xline_1214 (SP-6469)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Additional data: Velocity cube, gravity and magnetic grids.
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Expedition 396 Scientific Prospectus

Figure AF6. Track map and seismic profiles, alternate Proposed Site VMVM-25A. SP = shotpoint. SSDB = Site Survey Data Bank.

Site Figure for VMVM-25A | Alternate

Coordinates: 64.95120° N, 2.72152° E (WGS84)
Water depth: 2160 m
Penetration: 400 m

Data
Remarks: Three 3D seismic volumes are available in the area: shallow high
resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT).

Site location:
AMN17-PRCMIG-Inline_6547 (SP-940) // AMN17-PRCMIG-Xline_1214 (SP-6547)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Additional data: Velocity cube, gravity and magnetic grids.
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Figure AF7.Track map and seismic profiles, primary Proposed Site VMVM-31A. SP = shotpoint. SSDB = Site Survey Data Bank.

Site Figure for VMVM-31A | Primary
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Data
Remarks: Three 3D seismic volumes are available in the area: shallow high
resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT).

Site location:
AMN17-PRCMIG-Inline_3966 (SP-1291) // AMN17-PRCMIG-Xline_1565 (SP-3966)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Additional data: Velocity cube, gravity and magnetic grids.
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF8.Track map and seismic profiles, alternate Proposed Site VMVM-32A. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: Three 3D seismic volumes are available in the area: shallow high
resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT).

Site location:
AMN17-PRCMIG-Inline_3922 (SP-1291) // AMN17-PRCMIG-Xline_1565 (SP-3922)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Additional data: Velocity cube, gravity and magnetic grids.
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF9. Track map and seismic profiles, alternate Proposed Site VMVM-33A. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: Three 3D seismic volumes are available in the area: shallow high
resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT).

Site location:
AMN17-PRCMIG-Inline_3701 (SP-1341) // AMN17-PRCMIG-Xline_1615 (SP-3701)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Additional data: Velocity cube, gravity and magnetic grids.
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF10. Track map and seismic profiles, primary Proposed Site VMVM-40B. SP = shotpoint. SSDB = Site Survey Data Bank.

Site Figure for VMVM-40B | Primary

Coordinates: 65.35990° N, 3.05180° E (WGS84) —

Water depth: 1696 m T ey .

Penetration: 200 m el i e S e R T
Data _p Paleocene

Remarks: Three 3D seismic volumes are available in the area: shallow high b ‘Zf‘-—

resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT). 7

Site location:
AMN17-PRCMIG-Inline_3992 (SP-1291) // AMN17-PRCMIG-Xline_1565 (SP-3992)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Additional data: Velocity cube, gravity and magnetic grids.
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF11.Track map and seismic profiles, alternate Proposed Site VMVM-41A. SP = shotpoint. SSDB = Site Survey Data Bank.
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Remarks: Three 3D seismic volumes are available in the area: shallow high
resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT).

2

Site location: e
AMN17-PRCMIG-Inline_3894 (SP-1291) // AMN17-PRCMIG-Xline_1565 (SP-3894)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Ad(ditional data: Velocity cube, gravity and magnetic grids.
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF12. Track map and seismic profiles, alternate Proposed Site VMVM-42A. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: Three 3D seismic volumes are available in the area: shallow high
resolution (HiRes), processed migration stack (PRCMIG) and full-fast-track (FFT).

Site location:
AMN17-PRCMIG-Inline_3701 (SP-1260) // AMN17-PRCMIG-Xline_1534 (SP-3701)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Additional data: Velocity cube, gravity and magnetic grids.
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF13.Track map and seismic profiles, alternate Proposed Site VMVM-51A. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: 2D seismic survey and J-Cube MN volume are available in the area: Clari-
Fi broadband reprocessed and processed migration stack (PRCMIG) respectively.

Site location:
CFI-MNR11-7324 (SP-7178) // J-Cube MN-PRCMIG-Xline_14213 (SP-24851)

Data files in SSDB: Seismic 2D SEG-Y profile and crossline extracted from J-Cube
MN.

Ad(ditional data: Velocity cube, gravity grids, magnetic grids and seafloor sampling
report (VTMSO00).
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF14.Track map and seismic profile, primary Proposed Site VMVM-55B. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: 2D seismic survey and J-Cube MN volume are available in the area: Clari-
Fi broadband reprocessed and processed migration stack (PRCMIG) respectively.

Site location:
CFI-MNRO07-7319 (SP-15560)

Data files in SSDB: Seismic 2D SEG-Y profile.

Ad(ditional data: Velocity cube, gravity grids, magnetic grids and seafloor sampling
report (VTMSO00).
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF15.Track map and seismic profile, alternate Proposed Site VMVM-56A ribbon start. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: 2D seismic survey and J-Cube MN volume are available in the area: Clari-
Fi broadband reprocessed and processed migration stack (PRCMIG) respectively.

Site location:
CFI-MNRO07-7319 (SP-15300)

Data files in SSDB: Seismic 2D SEG-Y profile.

Ad(ditional data: Velocity cube, gravity grids, magnetic grids and seafloor sampling
report (VTMSO00).
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF16. Track map and seismic profile, alternate Proposed Site VMVM-56A ribbon end. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: 2D seismic survey and J-Cube MN volume are available in the area: Clari-
Fi broadband reprocessed and processed migration stack (PRCMIG) respectively.

Site location:
CFI-MNRO07-7319 (SP-15460)

Data files in SSDB: Seismic 2D SEG-Y profile.

Ad(ditional data: Velocity cube, gravity grids, magnetic grids and seafloor sampling
report (VTMSO00).
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF17.Track map and seismic profiles, primary Proposed Site VMVM-61A. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: Two 3D seismic volumes are available in the area: pre stack time migration
(PSTM) and pre-stack depth migration (PSDM).

Site location:
CVX1101-PSTM-Inline_1852 (SP-3267) // CVX1101-PSTM-Xline_5057 (SP-1062)

)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Ad(ditional data: Velocity cube, gravity grids, magnetic grids and seafloor sampling
report (VS16).
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF18.Track map and seismic profiles, alternate Proposed Site VMVM-62A. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: Two 3D seismic volumes are available in the area: pre stack time migration
(PSTM) and pre-stack depth migration (PSDM).

Site location:
CVX1101-PSTM-Inline_1832 (SP-3006) // CVX1101-PSTM-Xline_4796 (SP-1042)

)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Ad(ditional data: Velocity cube, gravity grids, magnetic grids and seafloor sampling
report (VS16).
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF19. Track map and seismic profiles, primary Proposed Site VMVM-07A. SP = shotpoint. SSDB = Site Survey Data Bank. SDR = seaward-dipping reflector.
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Data
Remarks: Two 3D seismic volumes are available in the area: pre stack time migration
(PSTM) and pre-stack depth migration (PSDM).
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Site location:
CVX1101-PSTM-Inline_2041 (SP-2436) // CVX1101-PSTM-Xline_4796 (SP-1251)

rm

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Ad(ditional data: Velocity cube, gravity grids, magnetic grids and seafloor sampling
report (VS16).
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF20. Track map and seismic profiles, alternate Proposed Site VMVM-71A. SP = shotpoint. SSDB = Site Survey Data Bank. SDR = seaward-dipping reflector.
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Data
Remarks: Two 3D seismic volumes are available in the area: pre stack time migration
(PSTM) and pre-stack depth migration (PSDM).

Site location:
CVX1101-PSTM-Inline_2012 (SP-3267) // CVX1101-PSTM-Xline_5057 (SP-1222)

)

Data files in SSDB: Seismic SEG-Y profiles extracted from 3D cube, velocity data.

Ad(ditional data: Velocity cube, gravity grids, magnetic grids and seafloor sampling
report (VS16).
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S. Planke et al.

Expedition 396 Scientific Prospectus

Figure AF21.Track map and seismic profile, primary Proposed Site VMVM-80A. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: 2D seismic data is available in the area.

Site location:
HV96-7 (SP-4728)

Data files in SSDB: Seismic SEG-Y profiles and velocity data.

Additional data: DSDP boreholes 338, 342, 343.
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF22. Track map and seismic profile, alternate Proposed Site VMVM-81A. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: 2D seismic data is available in the area.

Site location:
HV96-7 (SP-5030)

Data files in SSDB: Seismic SEG-Y profiles and velocity data.

Additional data: DSDP boreholes 338, 342, 343.
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF23.Track map and seismic profile, primary Proposed Site VMVM-09A. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: 2D seismic data is available in the area.

Site location:
HV96-6 (SP-2355)

Data files in SSDB: Seismic SEG-Y profiles and velocity data.

Additional data: DSDP boreholes 338, 342, 343.
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S. Planke et al. Expedition 396 Scientific Prospectus

Figure AF24.Track map and seismic profiles, alternate Proposed Site VMVM-10B. SP = shotpoint. SSDB = Site Survey Data Bank.
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Data
Remarks: 2D seismic data is available in the area.

Site location:
HV96-7 (SP-7370) // HV96-8 (SP-495)

Data files in SSDB: Seismic SEG-Y profiles and velocity data.
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Additional data: DSDP boreholes 338, 342, 343.
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