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1. Overview
The Northern Pacific, Bering Sea and Western Arctic regions contain important
records of linked tectonic and paleoceanographic histories. Well-conceived,
coordinated drilling expeditions in this region will expand our understanding of
several key areas identified in the 2013-2023 IODP Science Plan, including the
history of exposure and flooding of the Bering Strait, the connection of Arctic Ocean
chemistry to the Pacific Ocean, the evolution of the Cordilleran Ice Sheet, and the
history of Aleutian volcanism and the assessment of geologic hazards - particularly
from tsunamis - related to the North Pacific subduction zone. Better constraining the
past climate and tectonic history of these regions is critical to understanding
modern climatic changes as well as geologic hazards along the Alaska-Aleutian
margin, but these regions remain seriously under-sampled by scientific ocean
drilling (Fig. 1). Only one IODP expedition (IODP Exp. 323) has been north of the
Aleutians since DSDP Leg 19 in 1971, and only one IODP expedition (IODP Exp. 302)
has recovered cores from the Arctic Ocean. DSDP Leg 18, ODP Leg 145 (Site 882)
and IODP Exp. 341 are the only samples within the Gulf of Alaska, while much of the
Alaska-Aleutian subduction zone and the entire eastern Gulf of Alaska region have
never been drilled.

Figure 1. North Pacific, Bering Sea and Western Arctic focus region with DSDP, ODP and
IODP (2004-2013) drill sites. AASZ = Alaska-Aleutian subduction zone; BF = Baranof
Fan; BFT= Beaufort Shelf; BS = Bering Straight; CB = Canada Basin; CBL = Chukchi
Borderland; GOA = Gulf of Alaska; VZ = Port Valdez.

The primary goal of this workshop was to develop new proposals and
reinvigorate existing proposals for scientific ocean drilling in the region. By focusing
on regional coordination across scientific themes, our breakout groups and working
sessions encouraged new collaborations to develop coordinated drilling strategies.
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The location for the proposed work creates a natural opportunity for international
collaboration and 76 scientists from the US, Canada, Germany, Denmark, Norway,
the United Kingdom, Australia, China and Japan participated. We involved numerous
scientists who are new to IODP and almost 40% of participants were in their early
career stages (students, postdocs, assistant professors). Funding was provided by
IODP-USSSP, NSF-OCE, ECORD, the US Bureau of Ocean and Energy Management
and the Norwegian Petroleum Directorate.
Plenary sessions on both Day 1 and Day 2 included invited keynote
presentations and short “visionary” talks selected by the conveners and science
steering committee based on application materials. Early breakout sessions were
organized around science themes and later breakout sessions were organized
around geographic sub-regions. This organization allowed participants to identify
potential collaborators and form teams in which targeted science questions could be
developed and proposals could be initiated. White papers solicited from attendees
prior to the meeting further established a platform on which to build the workshop
agenda and identify content for short visionary talks (White Papers).
A particular focus of this meeting was getting new people and early career
scientists involved with the drilling program. To support this goal, a short premeeting discussion on the evening before Day 1 discussed the process of preparing,
submitting and revising drilling proposals, as well as the process that follows a
proposal being selected for scheduling. Short online surveys conducted after the
first day and at the end of the meeting gave participants a chance to give feedback
on their experiences.
Multiple new or reinvigorated proposal ideas were discussed and expanded
upon in each sub-region (Arctic, Bering, North Pacific). In total, key hypotheses and
science questions were articulated for fifteen proposals, with several in preparation
for 2019 IODP-SEP proposal deadlines. A summary of scientific opportunities,
workshop activities, specific proposal objectives and lead proponents are provided
in the following sections. Proposal summaries in Section 4 are authored by the
proponents listed.
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Figure 2. Workshop participants at Timberline Lodge with Mt. Hood in the background
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2. Motivation and Scientific Opportunities
Drilling proposals in the northern Pacific, Bering and Arctic regions can address
multiple Challenges described in the 2013-2023 IODP Science Plan and center on
broad themes listed below.
Ocean Gateways
Fundamental questions remain regarding the impacts of oceanic exchange
between the Arctic and North Pacific Oceans on long-term climate evolution and the
dynamics of rapid climate change. For example, closure of the Bering Strait has been
implicated in rapid climate fluctuations in the northern hemisphere during the
Quaternary due to the development of salinity anomalies in the North Atlantic that
promote hysteresis-like behavior in the Atlantic meridional overturning circulation
(Hu et al., 2012). Likewise, the opening of the Bering Strait and the influx of lowsalinity water into the Arctic has been implicated in long-term cooling out of the
Pliocene (Horikawa, 2015), as well as in the relatively ‘stable’ conditions of the
Holocene (Hu et al., 2012). These studies raise the intriguing possibility that climate
stability (and sensitivity) may be regulated by water mass exchange through the
Bering gateway. Given the clear manifestation of Arctic climate instabilities in the
past, and projections of Arctic amplification under future global warming scenarios,
understanding the dynamics that favor northern hemisphere climate stability or
instability is of paramount importance for assessing possible tipping point dynamics
in the Arctic in the near future (IODP Climate and Ocean Change Challenge #1).
Marine sediment records that transect the North Pacific to western Arctic would
allow reconstructions of changes in sea level, ocean salinity, temperature, sea-ice
extent, and the response of marine ecosystems along this critical junction in the
climate system. A transect of sites with high-resolution (i.e., millennial-scale climate
variability) records of Neogene/Quaternary Arctic climate in the Chukchi Sea (Fig. 1)
could be compared with similar records from the Bering Sea (IODP Exp 323) (Fig. 1)
and the central Arctic (IODP Exp 302 and planned for ArcOP). In turn, long-term
records of Cenozoic evolution of this region, in conjunction with records from the
North Atlantic, will illuminate the timing and significance of Arctic inflow and outflow
of the global ocean conveyor.
Just as an ocean gateway enabled the exchange of biota in the marine realm, the
emergence of the Bering Land Bridge enabled the exchange of biota (and human
migration) between major continents. Complementary studies could examine its
paleoecological significance (IODP Biosphere Frontiers Challenge #7) and better
constrain the timing of deglaciation that would have enabled human migration. These
data would provide an essential marine complement to recent island-based
investigations of Misarti et al. (2012) indicating earlier deglaciation than previously
assumed. Mission-specific platform coring in shallow water of the Bering Sea has the
potential to recover important records of the migration of a wide range of taxa, and
serve as a point of collaboration among marine and terrestrial paleoecologists.
Ice Histories in Transition Zones
Differentiating among paleo-environments of grounded glacial ice, floating ice
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shelves, sea ice, and open waters are fundamental to understanding how ice and sea
level respond to warming (IODP Climate and Ocean Change Challenge #2) and
cooling. Ocean drilling can help determine the history of ice extent in the PacificArctic gateway. Better quantifying the rates of change and the long-term and seasonal
dynamics of paleo-ice extent in this sensitive region of climate change is critically
important for ground-truthing models of future climate change.
In the eastern Gulf of Alaska (Fig. 1), the history and evolution of the Cordilleran
Ice Sheet (CIS) is recorded in shelf and slope sediments and deep sea fans (e.g.,
Baranof Fan) that have never been drilled. Near-field records of advance-retreat
behavior of CIS outlet glaciers can be accessed by drilling trough mouth fans; only the
Bering Trough in the northern Gulf of Alaska has been drilled (e.g., Montelli et al.,
2017). Fundamental questions such as the extent of sea ice offshore western Canada
during the Last Glacial Maximum and the synchronicity of CIS to changes in global
climate are almost entirely unconstrained. Drilling will provide key data for
investigating southern CIS behavior, including pre-LGM mega-flooding history and
the interplay between megaflood events and regional and global climate. The eastern
North Pacific margin also contains records for investigating impact of Neogene
climate change and the role of the cryoshere on continental margin geology.
Biosphere and Climate
Predicting the response and resilience of the marine biosphere to both rapid and
long-term changes in ocean warming, acidification, deoxygenation, stratification, and
sea-level rise remains one of the greatest sources of uncertainty in projections of
future climate change. The North Pacific hosts the most stratified, lowest pH, and
oxygen depleted water masses of the global ocean, making this region particularly
well-suited for evaluating marine ecosystem thresholds in response to climate change
(IODP Climate and Ocean Change Challenge #4). Paleoclimate records from the
North Pacific margins and Bering Sea document rapid vertical shoaling of the oxygen
minimum zone (OMZ) during abrupt warming events in the past, with concomitant
contractions of higher trophic levels in the upper ocean (Moffitt et al., 2015) (IODP
Biosphere Frontiers Challenge #7). These transitions into hypoxia/anoxia
occurred extremely abruptly and involved profound changes in marine productivity
and export, demonstrating the non-linear response of marine ecosystems to ocean
change and the potential for rapid, large-scale impacts on the biological pump that
sequesters atmospheric carbon dioxide into the deep ocean.
Polar regions are vastly undersampled in sediment microbiology, leading to
large errors in global models of microbial metabolic rates and sediment
biogeochemical cycling. Drilling in these regions could test specific hypotheses
related to viral attenuation of microbial growth and sediment depth and carbon
availability. Drilling could also investigate how microbe communities reflect
environmental changes associated with opening of Bering Strait; isotopic or
metabolic tracers can determine if cells from various sediment depths are actively
metabolizing.
In recent decades, the greatest declines in ocean oxygen content have occurred in
the North Pacific and Arctic oceans (Schmidtko et al., 2017), highlighting spatial

7

heterogeneity in ocean oxygen depletion and the potential sensitivity of these regions
to ocean warming and stratification. Paleoceanographic records from the North
Pacific to Arctic thus hold a critical window into understanding regional changes in
both surface productivity (such as seasonal phytoplankton blooms) and subsurface
marine ecosystems during times of different CO2, sea surface temperature, and sea
level boundary conditions.
Important questions also remain with regard to coastal human migration patterns
and advance and retreat of the CIS. Using radiogenic techniques on cores in offshore
southeastern Alaska and western Canada, questions regarding the timing and pattern
of deglaciation, sea surface temperatures, primary productivity, food web patterns
and sustainability for human populations can be answered.
Gas Hydrates, Permafrost, and Climate Change
CH4 and CO2 release from melting permafrost and destabilization of
subsurface methane hydrate deposits in coastal regions are potentially significant
positive feedbacks mechanisms for enhanced global warming today, yet our
understanding of the potential quantities, triggers, impacts, and rates of release are
in need of grounding from the paleo-records (IODP Earth in Motion Challenge
#13). Drilling of gas hydrates along the Alaska Beaufort margin would provide
information on impact of past and future climate change on climate-susceptible
phases (gas hydrates and permafrost) trapped in marginal marine sediments. This
information is important for predicting future global atmospheric methane levels,
carbon cycling, ocean acidification/anoxia, and future warming of the Earth system
over human timescales. A shelf edge to upper slope transect, possibly in conjunction
continental drilling, could record variation in geology and pore water, gas chemistry
and microbiology and provide insight into Quaternary history of Arctic shelf by
determining offshore glacial limits, history of transtression/regresstion, and
evidence for Younger Dryas glacial outburst flooding.
Specific questions to be answered include how ice sheet advance/retreat
(combined with warm water incursion from the North Pacific) influenced hydrate
stability and methane cycling in marine sediments; how multiple hydrate
dissociation-formation cycles alter strength and multiphase flow properties of
Arctic marine sediments relative to lower latitude sites; and whether slope failure is
more common during glacial lowstands due to migration of updip limit of gas
hydrate stability.
Volatile Cycling and Subduction Initiation
Much that can be observed on the surface is a consequence of processes that take
place in the deep crust and mantle. There is something of a paradox of observation
that separates the specific, detailed data we can capture at the surface from the
various types of geophysical remote sensing that must be employed to examine the
deep crust and mantle. The low resolution of deep observations makes it difficult to
connect deep and surface processes so we rely on inferences from the material we
can examine, particularly evolved magmas that can be observed in island arcs. The
geologic, sedimentary and geochemical history of the Aleutian Islands is known
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primarily from surface exposures. What has been mapped skews understanding of
the development and evolution of the islands to the relatively recent record. Scientific
drilling is necessary to explore the extent of eruptions, the long-term history of the
islands and the evolution of the mantle magmatic source (IODP Earth Connections
Challenge #9). Drilling can capture successive flows in the proximal environment
and ash layers preserved in distal sediments to construct more complete histories of
island development and magmatic evolution. These histories are a necessary starting
point to reconstruct the history of subduction in the North Pacific (IODP Earth
Connections Challenge #11). Sufficiently long records of magmatism obtained by
drilling could reveal the early history of the Aleutian Arc, giving more complete
insight into the process of subduction initiation and the tectonics of the North Pacific.
Volatile cycling in the Alaskan Peninsula can be better understood by sampling
sites located across variations in fabric, age and structure of the incoming plate, such
as the Alaskan Peninsula. Characterization of North Pacific subduction inputs along
the Aleutian segment will better constrain the processes of subduction recycling and
an apparent enhanced role of subducted sediment related to the Amlia fracture zone.
The geochemistry of Aleutian volcanics tells part of the story, but understanding of
the full subduction cycle and the roles of marine vs terrigenous sediments in material
recycling at subduction zones required characterization of the incoming sediment.
In the northwest Pacific, drilling of altered oceanic crust could resolve oceanic
crust composition, differentiating between Pacific-type and Indian-type Pb isotope
signatures and better constraining northwest Pacific Mesozoic plate tectonic motions.
Data from this area would also test hypotheses for arc-trench connectivity, arc-trench
mass transfer, evolution of the deeper mantle and links between arc-volcanism and
global climate. Drilling of the northernmost Emperor Seamounts will reveal histories
of hotspot initiation and migration, testing the hypothesis that the major bend in
Hawaii-Emperor seamount chain is related to hotspot migration rather than changes
in plate motion.
Canada Basin is only global ocean basin with no boreholes penetrating sediments
or basement. Drilling in this region would test three competing age models for the
basin and address numerous questions related to paleoceanographic history, as well
as sea floor spreading and regional tectonics, such as whether the Cenozoic Arctic was
an isolated fresh water body. Existing seismic data can provide a backbone for future
drilling programs, but also highlights the need for more extensive seismic imaging in
the Arctic.
Tectonics and Geohazards
Much of the Alaskan-Aleutian subduction zone (AASZ) is dominated by
megathrust seismic events, hosting more M>8 earthquakes in the past century that
any other subduction system (e.g., Bufe et al., 1994). Many of these earthquakes and
earthquake-generated submarine landslides have triggered tsunami that traversed
the Pacific Ocean, causing damage in the western U.S. and Hawaii, as well as
endangering local Alaskan populations and infrastructure (e.g., Ryan et al., 2012).
IODP is uniquely capable of addressing targets associated with submarine
geohazards, as scientific drilling is the only means to access deep archives of past
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events in critical offshore regions. Establishing the temporal pattern of subduction
zone earthquakes is a critical parameter for evaluating megathrust locking behavior
(IODP Earth in Motion Challenge #12). Moreover, submarine landslides can
generate devastating local tsunamis, with their deposits as evidence of past seismic
events. Sediment deposition is also strongly influenced by climate change, but the
relationship between climate change and submarine landsliding where there are
megathrust earthquakes is poorly understood.
Glacial fjords within the rupture zone of the Great Alaska megathrust earthquake
of 1964 (M9.2) record long histories of glaciation, earthquakes, submarine landslides,
and tsunamis. Local tsunami related runup following the 1964 event reached 52 m
due to massive failure of the fjord-head delta (Coulter and Migliaccio 1966; Plafker et
al. 1969). Seismic-reflection profiling by the USGS in 2005, 2007, and 2009 revealed
the presence of six debris flow deposits extending across the fjord, making Port
Valdez one of the few locations worldwide with an extended history of repeated
failures. Recent high-resolution imaging in other fjords along the margin and across
the northeastern AASZ shelf (e.g., Liberty et al., 2013) provide additional targets for
paleoseismological dating. Recent high-resolution seismic and marine geologic
studies by the USGS that could provide a backbone for drilling and highlighted the
need high resolution paleoseismic records to resolve strain accumulation and release
through space and time and understand variability of megathrust earthquakes.
In the eastern Gulf of Alaska, recent systematic marine geophysical investigations
of the strike-slip Queen Charlotte fault system by the USGS provide opportunities to
investigate tectonics, fluids and sedimentary processes of the system. Important
targets for drilling could include crustal deformation and fault evolution, source-tosink sediment flux and paleoceanography, fault-zone hydrogeology and
paleoseismology and submarine landslide generation.
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2.1 Community-driven Priorities
Workshop applications and white papers solicited from attendees prior to
the meeting provided the basis for selection of “visionary” speakers and a
framework to spark discussion in breakout sessions. Here, we provide a visual
summary of key ideas articulated in the pre-workshop documents, organized by
region and scientific theme.
Arctic
**For the Arctic region, several white papers were submitted on behalf of
scientists who could not attend the workshop

Figure 3. Priorities and opportunities in the Arctic from workshop applications and white
papers.
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Bering

Figure 4. Priorities
and opportunities in
the Bering from
workshop
applications and
white papers.

North Pacific

Figure 5. Priorities and opportunities
in the North Pacific from workshop
applications and white papers.
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3. Workshop Activities
After a brief welcome and overview of workshop goals, plenary and breakout
sessions on Day 1 focused on compelling questions across scientific themes in the
region and key hypotheses that can be tested by scientific drilling. The meeting
started with keynote presentations organized by scientific theme. Tom Cronin
(Climate and Ocean Change) highlighted the need for paleoclimatology at all
timescales to understand Arctic amplification, the history of initial opening of the
Bering Strait and the long-term relationship between Bering Strait and sea level.
Jess Larsen (Earth Connections) gave an overview of burning questions about arc
volcanism in the North Pacific such as drivers of changing geochemical signatures
along-strike and the need to sample the incoming sediment material to fully
understand mass flux across the arc. Heather Savage (Earth in Motion) highlighted
the importance of understanding variability of frictional and mechanical properties
of plate boundary faults zones and summarized new insights into fault mechanics
from fault zone drilling in Nankai and through the JFAST program. Joe Stoner
provided context for new paleomagnetic observations and stratigraphic
opportunities for the NE Pacific, highlighting complications in the record from
erosion of highly magnetic terranes, high sedimentation rates and changing carbon
compensation depths.
In preparation for the first breakout sessions, Kristen St. John summarized
scientific objectives and hypotheses detailed in workshop applications and white
papers from attendees (White Papers). White papers and workshop applications
combined included ~64 distinct key questions or hypotheses articulated by
workshop attendees prior to the meeting (Figure 6; Section 2.1). All 2013-2023
IODP science themes were represented in all regions, except for Biosphere
Frontiers, which was only represented in the Arctic.

Figure 6. Summary of
regional and thematic focus
of white papers and meeting
applications.

The first breakout session focused on scientific themes: Climate and Ocean
Change (led by Maureen Walczak and Shaun Marcott), Earth Connections (led by
Terry Plank and Jess Larsen), Earth in Motion (led by Anne Becel and Harold Tobin).
Participants were asked to consider three questions: 1) What are the major
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opportunities? 2) What progress has been made towards these opportunities? And
3) How does drilling fit into the next leap forward? Big picture questions articulated
by the Climate and Ocean Change group included inception and history of the
Cordilleran Ice sheet, timing and dynamics of Bering Strait opening/closing,
isolation of the Arctic Ocean, and sea ice histories across the region. The Earth
Connections group focused on age and geochemistry of hotspots in the northwest
Pacific, characterization of Aleutian basin crust and changes in hydration and
sediment supply across the Amlia Fracture Zone. The Earth in Motion group focused
on hazards and mechanics along the Queen Charlotte fault and the Alaska-Aleutian
subduction zone, and slope destabilization in the Arctic and Bering Sea due to gas
hydrate dissociation.
Afternoon plenary sessions started with keynote addresses organized by
region. Christina Ravelo (Bering Sea) provided evidence for high-latitude-tropical
teleconnections that operate during major climate transitions and abrupt changes in
productivity and hypoxia that appear correlated to global climate from results from
Bering Sea Exp 323. Future drilling across the region should target the Miocene
section and vertical and horizontal transects in the North Pacific and Arctic to
contextualize results and further investigate oceanic response to climate change.
Leonid Polyak (Arctic Ocean) gave a broad overview of western Arctic
paleoceanography focusing on the Chukchi margin. This area is a distinct
oceanographic system, with changes in sea level accompanied by variation in PAC
inflow through Bering Straight and outflow to N Atlantic. Recent rapid retreat of ice
cover shows high sensitivity of the western Arctic to climate change. Maureen
Walczak (North Pacific) reviewed the current state of knowledge for North Pacific
paleoclimate and paleoceanographic investigations, highlighting recent preliminary
work on Cordilleran Ice Sheet megaflooding.
A second breakout session was organized by region: Arctic (led by Julie
Brigham-Grette and Dave Mosher), Bering (led by Beth Caissie and Lars Max), North
Pacific (led by Ellen Cowan and John Jaeger). Discussion focused on the following
points: 1) What are the major questions we can answer via drilling in the region? 2)
What supporting data exist (site survey data, previous drilling/coring, etc)? 3) And
what are suggestions for integrated drilling strategies across the science themes?
These discussions formed the basis for the rest of the workshop, strengthening or
establishing collaborations and establishing directions for outlining specific
proposals.
Day 1 workshop sessions ended with a series of short “visionary” talks. Christian
Maerz presented on reconstructing paleoenvironmental conditions from
authigeneic minerals around sulphate-methane transition zones in sub-Arctic
marine sediments. Lester Lembke-Jene gave an overview of potential targets for
further understanding connections between polar and lower latitudes through
ocean circulation, land-ocean linkages and carbon cycling. Beth Caissie highlighted
how records from the Bering and North Pacific can be applied to sea ice histories
and the potential of high-resolution records from the Bering Sea shelf to reconstruct
Plio-Pleistocene sea level history, paleoclimate and terrestrial paleoecology of
central Beringia. Julie Brigham-Grette discussed stability of the Bering Strait
gateway and interhemispheric connections during the Plio-Pleistocene. Ocean
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drilling will address conflicting records of Arctic sea level rise at MIS 11 and closure
of the Arctic at ~3 Ma. There is evidence that the Pliocene Arctic was warm, but why
was Bering Strait closed at this time? Rina Fuchikawa used examples from Nankai to
discuss fault mechanics and seismogenesis along subduction megathrust faults and
highlighted potential opportunities to reconstruct sedimentological and
deformational history of prism toe and to parse glacial sediment flux into incoming
sediments and the relationship between fault behavior and shallow geology.
Day 2 began with plenary sessions focused on what technology is in place to
achieve drilling goals in the region, with a focus on the capabilities of the JOIDES
Resolution (Laurel Childress), and an overview of the IODP proposal submission
and review process (Sean Gulick). Next, invited talks focused on long term
initiatives, existing site survey data, and new opportunities. Debbie Hutchinson
provided an overview of seismic data availability and related drilling opportunities
in the Canada Basin to determine Arctic stratigraphy. Canada Basin is only global
ocean basin with no boreholes penetrating sediments or basement. Drilling in this
region would test three competing age models for the basin and address numerous
questions related to paleoceanographic history, as well as sea floor spreading and
regional tectonics, such as whether the Cenozoic Arctic was an isolated fresh water
body. Danny Brothers presented current results and insights from recent systematic
marine geophysical investigations of the strike-slip Queen Charlotte fault system by
the USGS and highlighted opportunities to investigate tectonics, fluids and
sedimentary processes of the system. Important targets for drilling could include
crustal deformation and fault evolution, source-to-sink and paleoceanography, faultzone hydrogeology and submarine landslide generation. Peter Haeussler gave a
review of new high-resolution and bathymetric data in the 1964 Alaska earthquake
rupture region and opportunities for paleoseismology studies within southern
Alaska fjords.
A second plenary session featured key hypotheses and new directions from a
series of “visionary” talks. Anne Becel showed results from recent seismic imaging
from the R/V Langseth in the Alaska-Aleutian subduction zone, showing targets for
understanding tsunamigenesis and rheology. Matt Malkowski highlighted
opportunities for investigating Pleistocene–Holocene sediment routing to the
Beringian Margin by drilling through the axes of the largest submarine canyons in
the world. Jesse Colangello highlighted opportunities for sampling the deep marine
sediment biosphere to investigate sensitivity to environmental change. Do
contemporary deep sediment microbial communities reflect the conditions at time
of deposition? Louise Farquharson made a case for the importance of combining
onshore and offshore records to investigate Arctic Ocean glaciation during the late
Pleistocene. Philipp Ruprecht highlighted opportunities to investigate volatile
cycling in the Alaskan Peninsula by sampling across variations in fabric, age and
structure of the incoming plate. Brian Jicha emphasized important questions for
Aleutian arc initiation, migration and evolution. Shaun Marcott discussed the
application of cosmogenic isotopes to marine and terrestrial records, emphasizing
the use of 10Be isotopes to understand material cycling at subduction zones and the
inception and extent of continental ice sheets.

15

Breakout groups and working sessions on Day 2 identified ideal sites for drilling
based on existing data, and what additional site survey data is needed. Working
sessions continued in the afternoon and evening, with participants self-organizing
into potential proponent groups and identifying science and data leads.
Day 3 included a short closing talk, discussion of proposal next steps and future
opportunities and synergies in the region. The conveners conducted a short survey
of the participants to identify strengths and weaknesses in the workshop schedule
and topics and to assess whether workshop objectives were met (Section 5).
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4. Workshop Outcomes

Figure 7. Planned shiptrack of JOIDES Resolution. Proposals discussed at the workshop shown in blue
stars.

In total, 15 proposal ideas were recognized as priorities by subsets of meeting
participants and science and data leads were identified. These proposals spanned
the region of interest, including three for the Bering Sea, four for the Arctic, eight for
the North Pacific (Figure 7). The following sections include summaries for 13 of
these proposals, written by proponents at the meeting and those in the broader
community.
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4.1 Arctic Ocean

4.1.1 Late Quaternary Paleoceanography and Glacial History of the
Beaufort Sea
Current Proponents: Shannon Klotsko, Dave Mosher, Anne DeVernal
This proposal would be a new version of a former proposal listed in the white pages:
LATE QUATERNARY PALEOCEANOGRAPHY AND GLACIAL DYNAMICS IN
THE BEAUFORT SEA
Proponents: M. O’Regan, K. Moran, A. de Vernal, P. Hill, M. Jakobsson, A. Rochon, G.
St-Onge
Authors from the previous proposal and additional proponents could be added if this
proposal moves forward.
General:
Fill a gap in our understanding of Arctic Ocean paleoceanography and its relationship to
abrupt climate change by recovering a high resolution systematic onshore-offshore record
that captures variations in sea ice extent, circulation changes, and meltwater inflow to the
margin. Previous work has shown evidence of freshwater discharge into the Arctic via the
Mackenzie drainage basin at key time periods in climate history (Tarasov and Peltier,
2005; Fisher et al., 2009; Murton et al., 2010; Keigwin et al., 2018; Klotsko et al., 2019).
Systematic collection of drill cores will refine freshwater drainage history and magnitude,
while examining sea ice history and impacts on oceanic circulation and climate.
Science questions and goals:
Magnitude and timing of freshwater delivery to the Arctic from the Mackenzie drainage
basin.
• Is there a difference in discharge magnitude between discharges associated with
abrupt climate change vs. not?
• When did each of the onshore meltwater lakes drain and in what manner?
Detailed Holocene and late Pleistocene paleoclimatic and sea ice reconstructions in the
Western Arctic Ocean.
• How did sea ice cover evolve throughout the last glacial cycle?
• Did this vary along with climate?
• Are there similar variations to sea ice evolution today?
Reconstruct circulation and changing water mass properties in the Beaufort Sea.
• Do these variations relate to sea ice cover?
• How does sea ice vary in decadal through millennial time-scales?
Reconstruct Laurentide ice sheet advances and retreats during the late Pleistocene.
• When was Mackenzie Trough glacially excavated?
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2) Detailed Holocene and late Pleistocene paleoclimatic reconstructions in the Western Arctic
Ocean.
3) Gateway exchanges, regional sea-level and paleocirculation patterns.
4) The excavation of the Mackenzie Trough and late Quaternary glacial dynamics of the
Laurentide Ice Sheet.

Figure 1: Proposed location for IODP drilling outlined in white box.

Figure 2: Relevant seismic profile (from Mosher et al 2011).
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S. Klotsko et al. / Quaternary Science Reviews 203 (2019) 185e208

Figure 3. Glacial lakes that developed from the retreat of the Laurentide Ice Sheet (Klotsko et al.,
2019)

Fig. 3. Approximate maximum extents of major glacial lakes that formed from the retreat of the northwestern Laurentide Ice Sheet, after Lemmen et al. (1994); Duk-Rodkin and
Lemmen (2000); Dyke et al. (2003); Couch and Eyles (2008); and Leverington and Teller (2003). Locations of glacial Lakes McMurray, Meadow, and Churchill are approximate, but
they were located somewhere in between McConnell and Agassiz (Fisher et al., 2009). Their boundaries also could overlap with the location of glacial Lake Peace (Lemmen et al.,
1994). Glacial lakes are shown in grey. Ice margins during retreat are shown in dotted and dashed lines (Dyke et al., 2003), with timing of retreat shown in the inset. White arrows
show generalized glacial Lake Agassiz drainage outlet locations (Teller et al., 2005). M. Delta ¼ Mackenzie Delta, NW ¼ northwest, HB ¼ Hudson Bay, S ¼ south, E ¼ east.

Outline of drilling strategy:
Transect of cores down the Mackenzie Trough and out into the Beaufort Sea.

catastrophic drainage event at the Ramparts. The youngest dated
dates (Dyke, 2004; Duk-Rodkin et al., 2004; Kennedy et al., 2010;
material from this location is between ~13.4 and 13.1 ka, suggesting
Wickert, 2016). Glacial Lake Old Crow developed by ~18 14C ka
Proposal Status:
the massive drainage event occurred not long after this sediment
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western outlet of the lake between ~10.9 and 10 14C ka (~13e11.5
glacial Lake Mackenzie, but it could have lasted until 10.5 14C ka
(~12.7 ka; Dyke et al., 2003; Duk-Rodkin and Lemmen, 2000) or
ka; Dyke et al., 2003; Smith and Fisher, 1993; Tarasov and Peltier,
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that was initiated with an outburst ﬂood, although there is some
Couch and Eyles, 2008). During the lake's existence, there was a
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Tarasov, L., Peltier, W.R., 2005. Arctic freshwater forcing of the Younger Dryas cold
reversal. Nature 435, 662-665.
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4.1.2 IODP 797-PRE: ALASKAN BEAUFORT MARGIN: INVESTIGATING THE IMPACT OF
WARMING SINCE THE LAST GLACIAL MAXIMUM ON CLIMATE-SENSITIVE SEDIMENTS
IN THE ARCTIC

Science/Data Lead: Carolyn Ruppel, USGS Gas Hydrates Project, Woods Hole, MA
02543; cruppel@usgs.gov; Proponents: Carolyn Ruppel (USGS), Timothy Collett
(USGS), Kai-Uwe Hinrichs (University of Bremen), Leonid Polyak (Ohio State), Julie
Brigham-Grette (UMass), Paul Overduin (Alfred Wegener Institute), Marta Torres
(Oregon State), Matthew Hornbach (Southern Methodist U), Frederick Colwell (Oregon
State), Brandon Dugan (Colorado School of Mines), John Pohlman (USGS), Matthew
Wooller (UAF), Michael Whiticar (U Victoria, Canada)
The impact of past and future climate change on climate-susceptible phases (gas hydrates
and permafrost) trapped in marginal marine sediments in the Arctic Ocean is a compelling
problem with implications for global atmospheric methane levels, carbon cycling, ocean
acidification/anoxia, and future warming of the Earth system over human timescales.
Drilling across the Alaskan Beaufort passive margin from the shallow shelf (thawing
subsea permafrost and permafrost-associated gas hydrate) to the upper continental slope
(deepwater marine gas hydrate) provides an unprecedented opportunity to ‘catch climate
change in progress,’ (Ruppel, 2013) as explored in USSSP- and IODP-sponsored
workshops ca. 2011 and 2012. Since ~20 ka, inundation of circum-Arctic Ocean
continental shelves due to sea level rise has led to thawing and landward retreat of flooded
permafrost (Brothers et al., 2012, 2016; Ruppel et al., 2016), dissociation of gas hydrate,
and the onset of methane production from thawed organic carbon in shallow shelf
sediments. Simultaneously, the feather edge of stability for the global upper continental
slope gas hydrate system would have shifted upslope during sea level rise. With Arctic
Ocean intermediate water warming in recent decades (Phrampus et al., 2014) and shorterterm (seasonal) perturbations in Arctic Ocean slope waters, the gas hydrate stability zone
is in a dynamic state and undergoing continual and rapid re-adjustment to new
oceanographic conditions.
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Figure 1. The U.S. Beaufort Sea margin showing the proposed location for the 797-Pre drilling transect (pink box) as
of 2012. Red starred sites (shelf) would have required a mission-specific platform and are not viable in the current
(2019) IODP. The green sites (JOIDES Resolution in ice-free conditions) progress from the outer shelf to the upper
slope and cross from an area where there may be relict permafrost-associated gas hydrate on the outer shelf (Ruppel et
al., 2016) to the zone of no hydrate on the upper slope and then into the area of deepwater marine hydrate (green
shading) that marks the updip (landward) extent of gas hydrate stability as mapped by the USGS in the late 1970s.
Blue hatched circles are existing offshore wells analyzed by Ruppel et al. (2016), and purple marks the seaward extent
of subsea permafrost from Brothers et al. (2016), updated from Brothers et al. (2012). Yellow and orange seismic lines
were collected by the USGS in the late 1970s (airgun) and 2012 (sparker), respectively.

As originally formulated, 797-Pre proposed sites on both the shelf (mission-specific
platform; red stars in Figure 1) and the upper slope (JOIDES Resolution under ice-free
conditions; green stars in Figure 1).
• SHELF: A transect across the Alaskan Beaufort Sea shelf would have been pinned
to onshore and shallow offshore locations where permafrost and gas hydrate have
been well-characterized through prior non-IODP drilling. The shelf IODP sites
would have sampled from nearshore relict subsea permafrost (Brothers et al., 2012,
2016; Ruppel et al., 2016) to the now permafrost-free outer shelf while also
capturing a record of sea level changes and paleoclimate back to the Pliocene.
• OUTER SHELF TO UPPER SLOPE: Proposed drill sites from the shelf break
(~100 m) seaward would sample across the upper feather edge of hydrate stability
for both the contemporary and the LGM systems and then continue downslope to
the well-established, stable gas hydrate system (Phrampus et al., 2014) in an area
of widespread slope failures.
The outer shelf to upper slope drilling (JOIDES Resolution drilling) shown in Figure 2
would capture the two distinct gas hydrate settings (Figure 3) most vulnerable to climatedriven release of sequestered methane (Ruppel, 2011; Ruppel and Kessler, 2017) while
also: (a) producing the first high-quality reconstruction of post-LGM regional sea level
fluctuations for this part of the Arctic Ocean; (b) providing terrestrial and marine proxies
for Pliocene to Holocene paleoclimate studies; (c) extending onshore geologic findings
offshore; (d) determining the response of microbiological communities to shifting salinity,
temperature; and permafrost/hydrate states in the sediments; and (e) constraining the
complex hydrogeology associated with gas migration, freshwater and brine distribution in
contemporary/former permafrost complexes, and fluid systems at the shelf break.
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Figure 2. These 797-Pre drill sites from the U.S. Beaufort Sea outer shelf to the upper slope, here shown with
scientific justification, are still viable in 2019 using the JOIDES Resolution under ice-free conditions.

IODP Proposal Status: Pre-proposal submitted 1 April, 2012; PEP review June 2012.
PEP recommended that 797-Pre combine with Mackenzie proposal, which would not have
been possible given the scope, focus, funding model, and nature of the two programs. In
September 2017, Ruppel was contacted by IODP asking whether to keep 797-Pre active,
and she suggested that it should be de-activated. IODP then notified Ruppel that the preproposal would be kept active based on the strength of the initial review.
The original pre-proposal required two “legs”—1 mission specific and 1 JOIDES
Resolution.
In 2019, it is clear that a mission-specific leg will not be
logistically/economically feasible. The JOIDES Resolution outer shelf to upper slope
component (Figure 2) is feasible under ice-free conditions, but (a) the JR shiptrack has not
been appropriate over the past 7 years; (b) the proponents are uncertain if the JR can comply
with environmental regulations (e.g., no discharge rules, mud-handling) for outer shelf and
upper slope holes in the U.S. Arctic Ocean. Timeline for next submission of a proposal
related to 797-Pre is not established. Some 797-Pre proponents have independently
investigated an unrelated ICDP drilling effort, possibly with a shallow-water offshore
component, on the Mackenzie part of the margin. Current status also unknown.
Site Survey Data Status (incomplete):
• Seismics: USGS airgun seismics collected in late 1970s (yellow lines in Figure 2),
available in USGS National Archive of Marine Seismic Surveys database; USGS
sparker seismics collected along ~500-line-km in 2012 (orange lines in Figure 2;
Ruppel et al., 2012); some industry seismics
• Heat flow data collected by Rob Harris and Matt Hornbach on parts of this margin
• Few modern piston cores except those collected by Lloyd Keigwin and short cores
acquired by NRL; USGS piston coring efforts in 1970s/1980s mostly encountered
indurated seafloor on slope and shelf
• Some near-shore 3D seismic datasets are available, but these would not inform JR
drilling of outer shelf and upper slope along the JR transect. Law of Sea data mostly
deeper than 2000 m water depth.
• USGS and colleagues have extensive data on methane concentrations, MOx rates, and
sea-air methane fluxes on outer shelf and upper slope (Ruppel et al., 2012); WHOI has
collected large amounts of physical oceanography data.
Figure 3. Context for 797-Pre for the locations that
could be drilled by the JOIDES Resolution. The red
box shows the setting for the cross-section in Figure
2. The outer shelf hole (ABM-04) corresponds to
the left side of the red box and intersects the relict
subsea permafrost and permafrost-associated gas
hydrate system from the pre-LGM period. The
middle and right side of the red box correspond to
the upper slope and the onset of gas hydrate stability
passing into stable deepwater marine gas hydrate
(ABM-05 to ABM-09A). After Ruppel (2011).
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Modern References Relevant to 797-Pre
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4.1.3 Establishing the stratigraphy of the western Arctic
Ocean
Science Leads: David Houseknecht, Deborah Hutchinson, Leonid Polyak,
Data Leads: Bernard Coakley, David Mosher
Proponents: Tabea Altenbernd, Katherine Boggs, Thomas Cronin, Julie Brigham
Grette, Chris Connors, Louise Farquarhson, Catalina Gebhardt, Tim Herbert,
Jenna Hill, Matt Hornbach, Shannon Klotsko, Amando Lasabuda, Richard Lease,
Christian Maerz, Seung-il Nam, Yoshifumi Nogi, Lara Perez,
The Arctic Ocean remains the bright white gap in our knowledge of ocean
stratigraphy. While numerous piston cores across the Arctic have taught us
about glacial and post-glacial history of the region, the complete absence of
scientific drilling within the western Arctic Ocean leaves us in the dark about its
earlier history. A significant leap forward is provided by the multichannel seismic
reflection survey collected across the northern Chukchi shelf and southern
Borderland in 2011 (Coakley and Ilhan, 2012). The remarkable resolution of this
10 sec. TWT (~20 to 22 km depth) survey permits the selection of drilling sites in
vivid clarity, facilitating detailed definition of a spectrum of objectives ranging
from the youngest strata to basement rocks that clearly comprise diverse
acoustic properties, stratification, and structure.
Through drilling, we propose to examine the Cenozoic history of the western
Arctic Ocean in the vicinity of the southern Chukchi Borderland. With samples,
researchers should be able to compare the record of western Arctic ice to the
Southern Hemisphere Ice record (e.g. Eocene-Oligocene shift, Mid-Miocene
climate optimum, Greenhouse to Icehouse transition). Understanding the record
of sea-level changes will allow dating the gateway history of Pacific connection,
as well as understanding the stratigraphy of the Chukchi Shelf. Because the
western Arctic is particularly sensitive to climate change, understanding its
climate history may reveal how future climate change will proceed (e.g. Burke et
al., 2018).
The regional stratigraphy across the bathymetric highs and lows of the
Chukchi Borderland north of the Chukchi-Alaskan margin has recently been
published (Ilhan and Coakley, 2018). Through stratigraphic correlation with the
Popcorn and Crackerjack exploration wells on the Chukchi Shelf (Sherwood et
al., 2002), we can constrain the age of sediments in the extensional basins that
dissect the Borderland. Starting in the Upper Paleocene (Ilhan and Coakley
2018) the large progradational system that marched across the Chukchi Shelf
delivered sediments transported along the graben axis to the deep basin.
Stratigraphy observed on Northwind Ridge and Chukchi Cap, likely pelagites or
contourites, are not in physical continuity with the shelf sediments, so they and
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the unconformities that subdivide the section are essential drilling targets.
Dating the section and the unconformities will constrain the history of the
Borderland as well as recovering suitable material for paleoceaongraphy.
Similarly, the age and composition of the basement of the Borderland is
unknown. Some constraints exist from basement sampled to the south on the
Chukchi Shelf (e.g., Wrangell Island), to the east in northern Alaska (Gottlieb et
al., 2014), and from cored rocks collected on Northwind Ridge (Grantz et al.,
1998) and dredged rocks collected to the north (Brumley 2014; O’Brien et al.,
2016). Identifying and dating the basement of the Borderland could confirm
whether a Devonian suture (O’Brien 2106; Miller et al., 2017) separates the
Chukchi Plateau from Northwind Ridge and would offer essential constraints for
the reconstruction of this continental block to its pre-opening position.
Outline of Drilling Strategy
Working in this region, we rapidly come up against the limits of what we
know. Hypothesis driven research requires some a priori knowledge of the
material to be sampled. But, beyond knowing the age of the surficial material
(now), the possibilities of revealing the past increase with the penetration of the
drill bit as we move farther from what we know, into the unknown past. We can
be sure though, that we will be surprised. Once we are done, we will know much
more about the history of the Borderland and the adjacent Canada Basin.
Most of the proponents for this proposal met on December 12th, 2018 at the
USGS in Reston to discuss drilling targets on the Borderland and in the nearby
Canada Basin. From these discussions, we identified 10 sites for drilling along
MCS data collected from R/V Langseth in 2011 (Figure 1; Ilhan and Coakley,
2018). Each site was selected to achieve multiple objectives with minimum
penetration. This strategy ruled out drilling in the central Canada Basin and the
post-rift fill of Northwind Basin. Drilling at these sites would have required
substantial penetration of what would likely be unproductive material for
paleoceanography (e.g. turbidites).
The sites selected were almost entirely on the basin highs and along the
edge of Canada Basin, close to the Northwind Ridge. By penetrating through
undated unconformities into undated stratigraphy and then into unknown
basement, drilling at these sites was judged to offer opportunities to both
recover scientifically productive material for paleoceanography and to generate
new constraints on the history of the Chukchi Borderland and Canada Basin.
Target Deadline: 1 April 2019 Pre-Proposal
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Figure 1 Index map of the Chukchi Borderland region (Contour interval - 500
meters). Selected drilling sites are indicated by yellow dots. Shell Exploration
wells are shown as stars (Sherwood et al. 2002). MCS lines collected with the
R/V Langseth are indicated in red.
References
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4.2. Bering Sea
4.2.1 Drilling to Test End-Member Hypotheses For the Inception of the
Aleutian Subduction Zone, the Age and Origin of its Backarc Aleutian Basin,
and to Recover the Paleoceanographic History Stored in Its Sedimentary Fill
Science Lead: Robert J. Stern
Data Lead: Ginger A. Barth
Principal Proponents: David W. Scholl, Daniel Scheirer, Kylara Martin, Warren Wood,
John Barron, Laura Wehrman and Matthew Malkowski.
Other Proponents (alphabetical order): Peter Clift, Gail Christeson, Amy East, John
Geissman, Andrey Gladenkov, Christopher Grose, Peter Haeussler, Kaj Hoernle, Brian
Jicha, Sang-Mook Lee, Yusuke Okazaki, Peter Michael, Elisabeth Nadin, Vicky Pease,
Ted Raab, Susanne Straub, Alexey N Sukhov, Weidong Sun, Kozu Takahashi.
Preliminary drilling proposal 825-pre, "Establishing the Age and Origin of the
Aleutian Basin, Bering Sea", was submitted to IODP on April 1, 2013 proposing
scientific drilling to sample oceanic crust underlying the sedimentary section filling the
Aleutian Basin of the Bering Sea. Scientific motivation for drilling to basement was to
reconstruct the tectonic setting that formed the Aleutian Arc, its backarc Aleutian Basin,
and underlying subduction zone. Gaining this knowledge addressed Challenge 11 of
IODP Science Plan 2013-2023, “how do subduction zones initiate, cycle volatiles, and
generate continental crust?” Major reconstructive obstacles were the circumstances that
although the basin’s oceanic crust was characterized by prominent magnetic anomalies of
spreading origin, the age of the crust could not be determined and without drill cores to
examine, the formative latitude of basement crust also could not be determined. Both of
these unknowns were critical to resolve in order to test the reining hypotheses for the
origin of the Aleutian-Bering Sea region that the:
1) backarc crust of the Aleutian Basin formed in the Eocene effectively in place
by a process of backarc spreading, or
2) the backarc crust is a captured sector of older, pre-existing oceanic crust that
had formed well to the south of the Aleutian subduction zone (~52 N).
Definitively testing the two hypotheses required recovering cores of basement crust to
determine age and paleolatitude of formation.
Basin sediment is everywhere too thick (>2km) to reach basement by scientific
drilling except at the summit areas of ridges or seamounts that rise upon the basement
swell of Vitus Arch. On April 1, 2015 a full drilling proposal, 888full, was submitted to
reach the crestal areas of Farnella, Sounder, and Pear basement highs by drilling ~0.7-1.0
km below the basin floor. Drilling to their summits would achieve a second objective to
recover the basin’s paleoceangraphic history stored in its basement-burying sedimentary
cover. This objective was defined and scoped at a 2013 AGU miniworkshop.
˚
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Proposal 888full "Drilling to Determine the Origin of the Aleutian Arc-Basin
System and the Climate, Oceanographic, Diagenetic, and Deep Biospheric Record in its
Sedimentary Fill" was reviewed by IODP’s Science Evaluation Committee (SEP) on July
1, 2015. SEP’s review was positive, but recommended revision work to better document
that the basement-high drilling targets were representative of basement crust and that a
safety issue of free gas was better addressed by asking the Environmental Protection and
Safety Panel (EPSP) for a preview of the Pear, Farnella, and Sounder sites. The safety
preview was carried out at EPSP’s September 1-2, 2015, meeting. Their
recommendations were to provide multiple alternative drilling sites, sites positioned as
far off the crests of the three basement highs as scientifically and technically possible,
improved seismic profiles crossing the sites, and data demonstrating that free gas is not
likely to be present at them. All recommendations were met in preparing the requested
revision of 888full proposal, i.e., 888full2, which was submitted on October 1, 2018.
SEP’s January 10, 2019 review of 888full2 was disappointing in that the
proposal’s ranking was downgraded to “deactivated” but, again, with encouragement to
resubmit a new proposal.
Some key matters to tend to in the new proposal are to:
1) move primary and alternative drilling sites farther off the summit areas
of the three targeted basement highs,
2) recognize that doing so will require deeper drilling to reach basement
and thus a new drilling plan that in turn may mean that only two rather
than three basement highs can be attempted in one, 60-day drilling
expedition,
3) reduce introductory information and replace with enhanced
information content and explanatory material, and
4) better justify prioritization of drilling targets.
Key References:
Cooper, A.K., Marlow, M.S., and Scholl, D.W., 1987a, Geologic framework of the
Bering Sea
crust: in Scholl D. W., Grantz A. & Vedder J. G. eds. Geology
and Resource Potential of the Continental Margin of Western North America and
Adjacent Ocean Basins: Beauford Sea to Baja California, vol. 6, pp. 73–102.
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Cooper, A.K., Scholl, D.W., and Marlow, M.S., 1987b, Structural framework,
sedimentary sequences, and hydrocarbon potential of the Aleutian and Bowers
Basins, Bering Sea: in Scholl D. W., Grantz A. & Vedder J. G. eds. Geology and
Resource Potential of the Continental Margin of Western North America and
Adjacent Ocean Basins: Beauford Sea to Baja California, vol. 6, pp. 473–502.
Circum Pacific Council for Energy and Mineral Resources, Houston, TX.
Scholl, D. W., Creager, J.S., 1973. Geologic synthesis of Leg 19 (DSDP) results: Far
North Pacific, Aleutian Ridge and Bering Sea. In Deep Sea Drilling Project Initial
Reports: Washington DC, U.S. Government Printing Office, v. 19, p. 897-913.
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Takahashi, K., Ravelo, A. C., Alvarez Zarikian, C. A., and the Expedition 323 Scientists,
2011a. Proc. IODP, 323: Tokyo (Integrated Ocean Drilling Program Management
International, Inc.). doi:10.2204/iodp.proc.323.2011.
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4.2.2 Understanding the Miocene-Pliocene evolution of the Bering Sea to
changes in global climate: Long-term climate history and land-ocean
interactions
Science Lead: Lars Max and Ana Christina Ravelo
Data Lead: Catalina Gebhardt
Other proponents: Beth Caissie, Christian März, Heather Ford, Jess Larsen, Justin Dodd,
Lester Lembke-Jene, Li Lo, Matt Malkowski, Yongsong Huang, Yusuke Okazaki

The Bering Sea plays a central role in global climate by acting as a freshwater on-off switch
modifying to sites of North Atlantic Deep Water formation through Bering Strait, thus have
an impact on global meridional overturning circulation (Hu et al., 2010). The Bering Sea
belongs to one of the largest high-nitrate, low-chlorophyll regions in the world ocean and
changes in circulation, biological productivity and nutrient flux might have a considerable
influence on global climate. First results from Integrated Ocean Drilling Program (IODP)
323 in the Bering Sea show repeated environmental changes in the geological past with
enhanced nitrate utilization and North Pacific Intermediate Water (NPIW) formation
during all extreme glacials of the last ~1.2 Myr (Knudson and Ravelo, 2015a and b). A
recent study point to a mechanistic link between times of enhanced intermediate water
formation in the Bering Sea and changes in nutrient utilization and productivity far beyond
the North Pacific (Max et al., 2017). Accordingly, changes in intermediate-to-deep ocean
stratification coeval with intensified NPIW and enhanced nutrient transfer from the
subarctic Pacific to the low-latitude Pacific might have played a significant role on past
changes in ocean's biologically driven sequestration of carbon from the atmosphere to the
deep ocean and
Global climate.
Although, first results from IODP 323 point to considerable interactions of environmental
changes in the Bering Sea and global climate our knowledge is still limited to the last ~1.2
Myrs. The proposed drilling campaign in the Bering Sea aims in understanding processes
in evolution and interaction of high-latitude oceans and climate further back to the warmer
than present Miocene. Although past intervals of warming were forced differently than
future anthropogenic change the proposed drilling into the Miocene climate interval will
provide an important benchmark on sensitivity of the high-latitude oceans in terms of
biosphere, cryosphere and land-ocean interactions to higher as today CO2 conditions that
is expected from projected future global climate scenarios.
From paleoceanographic records, a multidisciplinary approach will be applied for
reconstructions of sea surface temperature, sea-ice extent, intermediate water ventilation,
bottom-water redox conditions, primary productivity and nutrient cycling across glacialinterglacial cycles with focus on major climate transitions (e.g., MPT, Pliocene-Pleistocene
boundary, MMCO). Microfossil assemblages (diatom and radiolarian), will be applied to
reconstruct primary productivity and nutrient utilization, biomarker studies (Uk37 and IP25)
are planned to reconstruct changes in SST and sea-ice variability. We will apply benthic
foraminiferal δ13C and pore water analysis to assess changes in oxygen content and
ventilation of NPIW. Detailed analysis of siliciclastic deposits from the Bering fan will
help to understand the response of deep sea fans to eustatic changes from sea-level
variations across broad continental shelves.
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The proposed Bering Sea drill sites (Figure 1) encompass three regions: two drill sites are
located in water depths < 1500 m close to IODP Site U1340 Bowers Ridge. According to
available information from drill sites on Bowers Ridge (U1340 and U1342) sediments
reaching back to Miocene age have been recovered. Earlier results from DSDP 188 also
showed that sediments on the western flank of Bowers Ridge are as old as upper Miocene
(Expedition 323 Scientists, 2010). We propose two drill sites in the eastern Bering Sea
(Umnak Plateau) near IODP Site U1339. These sites are within the modern oxygen
minimum zone (OMZ). Initial results from Site U1339 indicate high accumulation rates of
sediments in this region, ideally located to establish high-resolution paleoceanographic
records of circulation changes and bottom-water oxygen conditions. Unfortunately, only
the uppermost 200 m of sediments were drilled on Umnak Plateau reaching back to ~1 Myr.
Another deep-sea drill site is located in the eastern Aleutian basin dedicated to assess the
long-term evolution of the Bering fan.

FIGURE 1: Location of existing and proposed drill sites in the Bering Sea region (source
Expedition 323 Scientists, 2010)

This proposal will be submitted as IODP pre-proposal before October 2019.
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4.3 North Pacific
4.3.1 ICEMAN (Cordilleran ICE sheet, Missoula floods And Nearshore
environments)
Target Deadline for Pre-Proposal April 1 2019
Science Lead:
Maureen Walczak, Oregon State University
Data Lead:
Brendan Reilly, Oregon State University/Scripps Institute of Oceanography,
Proponents:
Christina Belanger, Texas A&M University
Laurel Childress, Texas A&M University
Kassandra Costa, Woods Hole Oceanographic Institution
Joel Gombiner, University of Washington
Ingrid Hendy, University of Michigan
Jenna Hill, United States Geological Survey
Lester Lembke-Jene, Alfred Wegener Institute
Cris Lopes, Instituto Português do Mar e da Atmosfera
Mitchell Lyle, Oregon State University
Alan Mix, Oregon State University
Summer Praetorius, United States Geological Survey
Joseph Stoner, Oregon State University
Derek Sawyer, Ohio State University
Sally Zellers, University of Central Missouri
Science Questions and Hypotheses:
1. Reconstruct the late Pleistocene behavior of the southern margin of the
Cordilleran ice sheet, with particular emphasis on establishing the
relationship between changes in regional environmental conditions and its
areal extent through multiple glacial/interglacial cycles
2. Place records of Cordilleran ice sheet behavior and regional climate
variability into a global context using robust multi-proxy chronologies
including foraminiferal stable isotopes but also informed by independent
techniques such as radioisotopes, paleomagnetism, and biostratigraphy
3. Establish the regional and far-field effects of freshwater routing from the
southern Cordilleran into the Northeast Pacific, ranging from impacts on
Northeast Pacific current systems to potentially global climate
teleconnections
4. Reconstruct the recent evolution of the Pacific Northwest margin itself, both
from the context of sediment accumulation as well as via applying dated
stratigraphic horizons in the step basins and regional fan systems to
interpretation of tectonic deformation horizons on the continental slope.
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5. Reconstruct changes in regional carbon burial, hypoxia, and faunal
community responses to changes in regional oceanography and glacial
discharge.
6. At lower resolution, establish regional climate and geomagnetic variability
via multi-proxy analysis of a drill site on the southern Oregon margin,
possibly back to the onset of Northern Hemisphere cooling in the late
Miocene through the inception of Northern Hemisphere glaciation in the
mid-Pliocene.
Drilling Strategy
Figure 1 shows the locations of prospective drill sites ICEMN-01A through ICEMN08A. Sites were chosen based on regional high-res bathymetric data, the best
available seismic data, and/or results from site survey cores demonstrating the
potential of various paleoenvironmental proxies. Some sites still require seismic
survey, and ideally sites for which available regional seismic data is either lowresolution or analogue will be re-surveyed. For the Oregon/Washington margin, an
opportunity to generate additional survey data relevant to the sites will potentially
arise during the 2019 field season as part of USGS mapping of the margin. The sites
have been selected due to their potential for thick (>500 m) continuous sediment
sequences (e.g. Figure 2) and situated out of the flow path of energetic turbidity
currents such as can be triggered by regional slope failures and/or flooding events.
In order to achieve as continuous a sediment section as possible, we have planned 3
holes at each site, APC cored as deeply as possible. We anticipate APC coring to a
minimum depth of 250 meters, and up to 400 meters at every site. Depending on the
depth recoverable via APC we may request XCB in one hole per site for a depth of up
to 750 m. Of the 8 sites listed, site ICEMN-05A is listed as an alternate site for
ICEMN-06A, so only one of the pair will be drilled. Recovered sediments will mostly
be high-resolution late Pleistocene sequences containing environmental and
tectonic/deformational histories. The exception is Site ICEMN-01A, which we
anticipate will extend back to the mid-Pliocene at lower resolution, capturing the
period over which small ice sheets began to form in the Northern Hemisphere and
potentially informing on the regional climate processes and the sensitivity of North
American cryospheric systems in a warmer world analogous to our near-future.
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Figure 1. Proposed ICEMAN site locations on the continental margin
of the North American Pacific Northwest. Promising site survey cores
exist for all proposed site locations with the exception of ICEMN-05A.
At least one (and in some cases crossing) seismic line exists for all
sites except ICEMN-01A and 08A. We are endeavoring to collect the
remaining site survey core and seismic lines in the 2019/2020 cruise
seasons.
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Figure 2: An example of the continuous stratigraphic sequences captured in the step
basins on the Washington/Oregon continental margin that are the primary target of
ICEMAN. Seismic lines RR1718 06T/07 run parallel/perpendicular to the margin,
with the black line denoting their crossing at the location of ICEMN-04A. Two-way
travel time (TWTT) is denoted on the vertical axis; for reference, 500m thickness on
the crossing line is slightly deeper than 1.6 s.
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4.3.2 Dynamics of Sea Ice and Okhotsk Sea Intermediate Water at
orbital and millennial time scales since the early Pliocene
Science Lead: Li Lo and Yusuke Okazaki
Data Lead: Takuya Itaki
Other proponents: Yu-Min Chou, Takuya Itaki, Lester Lembke-Jene, Osamu Seki, Jianjun Zou

The Sea of Okhotsk is the southernmost seasonal sea ice formation region in the
Northern Hemisphere. Accompanied by this sea ice formation, well ventilated Dense Shelf
Water (DSW) is produced due to brine rejection, and widely spread into the Sea of Okhotsk
at a water depth of ~200-1500 m, named Okhotsk Sea Intermediate Water (OSIW). Large
amounts of terrestrial nutrients from the Amur River are also entrained in, and subsequently
exported by the DSW/OSIW into the NW Pacific, where they become the major source
water for North Pacific Intermediate Water (NPIW). For the past few decades, studies have
shown that the shrinking of sea ice extent has caused oxygen and nutrient decreases in
OSIW (Ohshima et al., 2014), thus fundamentally altering the biogeochemistry in one of
only three mid-depth water mass formation regions globally (Talley, 2013). It is thus timely
to investigate sea ice and OSIW variations, including their influence on regional and global
ocean overturning circulation and the oceanic carbon cycle back in the warmer-thanpresent geological past. No scientific drilling has been conducted to date in the Sea of
Okhotsk Sea since Deep Sea Drilling Project. Our knowledge on past environmental
changes of the Sea of Okhotsk are therefore limited to few sites covering only the past ~1
Ma. Therefore, the first drilling campaign in the Sea of Okhotsk extending back to the early
Pliocene will provide us a unique opportunity to understand oceanographic changes in a
key region of the subarctic Pacific domain and to unravel as sea-ice and oceanic ventilation
history during the Neogene cooling phase.
A multidisciplinary approach will be applied for the reconstructions of sea ice extent
and OSIW ventilations on millennial and orbital timescales through the past. A suite of
proxies, such as microfossil assemblages (diatom and radiolarian), biomarkers (sterols and
IP25), XRF scanning, IRD, light and heavy minerals and rock magnetic proxies will be
applied for sea ice reconstruction. Authigenic uranium, benthic foraminiferal stable
isotopes and elemental geochemistry as well as species’ assemblage patterns will be applied
to reconstruct oxygen content and ventilation of OSIW. Paleomagnetic analysis in
connection with orbital tuning of major sedimentological (magnetic susceptibility, XRFscanning-derived elements) and isotopic time series will be applied to establish a highresolution age model.
Our proposed drilling sites are located in two regions: the southwestern Sea of
Okhotsk and western subarctic Pacific off Hokkaido Island (south of Tomakomai) (Figure
1). Proposed sites are on the continental slope and their water depths are ranging from 400
m to 1400 m, in order to monitor intermediate water oscillations in the past. The Sea of
Okhotsk is an upstream region (OSIW), while the western subarctic Pacific is a
downstream region of intermediate water flow in the North Pacific. Because most of the
Sea of Okhotsk is in Russian territory, it would likely be difficult to obtain a permission
for drilling. Therefore, we will focus on the southwest Sea of Okhotsk, exclusively in
undisputed Japanese territorial waters. Several piston cores, including a 58 m long giant
piston core (MD01-2412) obtained during the R/V Marion Dufresne 2001 cruise, suggest
continuous hemipelagic sediment deposition with high, 20 to 100 cm/kyr sedimentation
rates. For subarctic Pacific site off the Shimokita region, a 365 m long drilling core was
obtained from continental slope at 1180 m water depth during the CK06-06 D/V Chikyu
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specific radiolarian species. Radiolarian depth distributions, related to the vertical water structure, have been
documented previously in the Okhotsk Sea (Nimmergut
and Abelmann, 2002; Okazaki et al., 2004; Abelmann and
Nimmergut, 2005). The past oceanic conditions in the
Okhotsk Sea have been reconstructed using radiolarians
(Morley et al., 1991; Matul and Abelmann, 2001; Okazaki
et al., 2003b, 2005, 2006; Itaki and Ikehara, 2004).
In order to reconstruct the water structure in the
SW Okhotsk Sea during the last 20 kyrs, we examined
radiolarian assemblages from 5 sediment cores obtained
from various depths (461 to 1348 m). Local radiolarian
habitats were revealed from surface sediments of 9 grab
samples and 6 core-top data (Fig. 1). Furthermore, to
complement our radiolarian data, major geochemical
components of the sediments (opal, calcium carbonate,

and the Soya Warm Current (SWC) water.
2. Oceanographic setting
The Okhotsk Sea has a large counterclockwise
surface circulation (Fig. 1). Oceanic water from the
Pacific Ocean enters mainly through the eastern passes
of the Kuril Islands (e.g. Kruzenstern Strait), and it
becomes the colder and less saline East Sakhalin Cold
Current (ESCC) flowing southwards along the east side
of the Sakhalin Island. The summer surface
water is
18
characterized by 5 to 13 °C in temperature and 31.5 to
33.2 in salinity, influenced by fresh water discharged
from the Amur River (e.g. Kitani, 1973). A significant
temperature minimum layer (− 1.7 to 1.0 °C), the socalled dichothermal layer, can be observed just below

shakedown cruise. Detailed stratigraphic work by Domitsu et al. (2011) revealed the
bottom age is 760 ka based on continuous benthic foraminiferal δ O as well as a few
biostratigraphic makers and two tephra layers, indicating 20 to 90 cm/kyr sedimentation
rates. For each site, triple APC and XCB drilling for 500-800 m can provide millennial
timescale resolution back to early Pliocene (~4 Ma).

water depth: 461 m
sedi. rate: ~20 cm/kyr

MD01-2412

water depth: 778 m
sedi. rate: ~50 cm/kyr

1. Maps
showing the general
water circulation
pattern and the
sample locations in the Okhotsk
Sea. Squares
and circles indicate
surface sediment
Figure 1. Fig.
Site
locations
and
estimated
sedimentation
rates.
(Revised
from
Itaki et al.,
and sediment-coring sites, respectively. Abbreviations: ESCC, East Sakhalin Cold Current; SWC, Soya Warm Current.
2008)

We will focus on Neogene paleoceanography in the Sea of Okhotsk and western
subarctic Pacific with millennial-scale resolution. We will reconstruct surface and
intermediate-water changes to test hypotheses relating to sea-ice and oceanic ventilation
history during the Neogene cooling and intensification of the Northern Hemisphere
glaciation:
(1) No sea-ice was covered, and no intermediate water was formed in the Sea of Okhotsk
before 3 Ma.
(2) Intensification of the Northern Hemisphere glaciation since ~3 Ma leaded to sea-ice
coverage and intermediate water formation in the Sea of Okhotsk. The Sea of Okhotsk
has been a ventilation source of the North Pacific.
(3) Sea-ice extent and OSIW formation has oscillated with both glacial-interglacial cycle
and millennial-scale climatic change such as Dansgaard-Oeschger event. OSIW
formation was stronger during interglacials/interstadials whereas weaker during
glacials/stadials.
(4) Super interglacials such as MIS 11 and 31 was exception. Much less sea-ice extent and
stagnant OSIW formation occurred in the Sea of Okhotsk.
(5) During glacial terminations, significant dysoxic conditions and productivity peaks were
repeated in the western subarctic Pacific.
We will submit this proposal as a IODP pre-proposal before October 2019.
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4.3.3 PROPOSAL TITLE
Northwest Pacific Cretaceous sedimentary and igneous crust at ODP Site 881
PROPONENT NAMES
Principal Lead: Susanne Straub (USA)
Data Lead: Beatrice Magnani (USA)
Other Leads/Co-Proponents: Derya Guerer (Australia) (Other Lead), Johannes Jakob
(Norway), Paterno Castillo (USA), Jeffrey Gee (USA), Anthony Koppers (USA), Lester
Lembke-Jene (Germany), Quanshu Yan (China), Gene Yogodzinski (USA), Yige Zhang
(USA), Zhaohui Zhang (China)
SCIENCE QUESTIONS AND HYPOTHESES
We propose to recover Cretaceous sediment and igneous crust at ODP Site 881 (47.10 N,
161.48E). The site is located on a triangular fragment of oceanic crust in the northwestern
Pacific Ocean basin, that is bound by the Kuriles and Kamchatka arcs to the northwest,
the Hawaiian-Emperor track to the north and east, and the Hokkaido Trough to the south
(Fig. 1). Estimated to have formed between ~110-125 Ma (Renkin and Sclater, 1988), this
crust is the last surviving fragment of the oceanic crust that was produced at the IzanagiPacific (I-P) spreading center in the Cretaceous (~140-60 Ma). Thus, the crust of the ‘I-P
fragment’ archives crucial information on mantle composition, arc evolution, Cretaceous
climate and Pacific Plate tectonic evolution in the Cretaceous Quiet Zone (CQZ).
1.1.

Location of the Pacific-Indian mantle boundary in the NW Pacific

The existence of compositionally distinct upper mantle domains is well constrained, yet
their boundaries - relevant to large-scale patterns of mantle evolution and flow - remain
uncertain due to plate tectonic complexities. While many models place the Pacific-Indian
mantle boundary at the Mariana to Kamchatka trench (e.g. Miyazaki et al., 2015), plate
tectonic reconstructions suggest that it may be located farther to east and well into the
Pacific ocean basin (Straub et al., 2009). The competing hypotheses can be tested by
inferring the composition of the mantle beneath the Pacific NW from the igneous crust of
the I-P fragment.
Impact of oceanic crust on the composition of volcanic arcs
The composition of Site 881 igneous crust plays a crucial role in the ongoing discussion
of the impact of the altered oceanic crust (AOC) on global volcanic arcs. A compilation of
arc and MORB data suggest strong links between subducting AOC and global arcs, with
the latter apparently inheriting the characteristics of Indian vs. Pacific-type Pb isotope
signatures of the subducting AOC. The NW Pacific region, however, is a remarkable
exception, where the Izu Bonin-North Honshu-Kuriles arcs display Indian-type Pb
isotope signatures despite the ‘Pacific type’ AOC recovered at the trenches (e.g. Straub et
al., 2009; Miyazaki et al., 2015; Straub, 2018). An Indian-type crustal signature of the
residual I-P fragment could validate models that attribute the mismatch to a transient
plate tectonic constellation where Indian-type crust that was subducting in the past, is
now replaced by Mesozoic Pacific-type crust that arrived at the trenches. Alternatively,
an AOC impact on arcs may be overestimated relative to the material flux from the mantle
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wedge and/or recycled continental crust that then controls the arc outflux.
Pacific Plate tectonic models
The Pacific Plate formed at ~190 Ma and has been the largest oceanic plate on Earth since
~85 Ma, covering ~20 % of Earth’s surface, yet its evolution remains enigmatic, because
many of its ancient components have been subducted, accreted or modified. Past plate
geometries are speculative, as they are almost entirely derived from synthetic modelling
(Seton et al., 2012; Müller et al., 2016). Circum-Pacific geology contains ophiolites, arc
assemblages and accretionary complexes that formed intra-oceanically (Engebretson et
al., 1985; Nokleberg et al., 2000; Domeier et al., 2017) suggesting that multiple intraoceanic subduction zones have shaped this vast oceanic domain. Currently, kinematic
reconstructions do not account for these additional plate boundaries. Moreover, they
build on the extrapolation of age estimates for the oceanic crust that is exclusively
confined to areas south of the Hokkaido Trough and that rely on decades-old magnetic
anomaly picks that predate GPS-controlled navigation and may be compromised by
proximity to seamounts (Renkin and Sclater, 1988). These data point to ages <125 Ma, but
age estimates for Site 881 igneous crust are variable from lower Albian (99.6-112 Ma) to
Barremian (125-130 Ma) (Rea et al., 1993). This suggests that the residual I-P crust may
have formed in part during the Cretaceous Normal Polarity Superchron C34n (120-83 Ma),
where there is no control on spreading rates. Spreading directions, however, can be
estimated by the orientation of fracture zones (Fig. 1, inset). Based on a radiometric age
from igneous basement at Site 881 and the geometry of fracture zones, we can establish a
stage pole, which is crucial to test and refine published plate tectonic models. Recovery of
paleomagnetic and age data from sedimentary rocks can be used to constrain the amount
of latitudinal motion through time.
Mesozoic - Neogene paleoceanography
Previous IODP drilling at Site 881 obtained a sedimentary sequence of 364 m consisting
mainly of siliceous ooze with minor terrigenous components of Quaternary to late
Miocene age (Rea et al., 1993), but was stopped before reaching acoustic basement.
Proposed drilling will penetrate Cretaceous limestone and recover the whole sedimentary
sequence to igneous basement. This sedimentary section provides an opportunity to
determine whether there was a hiatus in the sediment deposition during the Paleocene,
and to estimate the “drowning rate” when the site moved north from a likely Cretaceous
shallow water system to its current location well below the CCD. The PaleogeneCretaceous section also allows us to track the timing of the establishment of a more
modern deep-water circulation, and of the initiation of the Asian eolian dust input and
associated atmospheric circulation.
OUTLINE OF DRILLING STRATEGY
We propose a drilling leg to re-occupy ODP Site 881 located outside the Russian EEZ,
ca. 280 km north of the Hokkaido Trough at 5531 m water depth. A possible plan is to
RCB drill without coring to close within ~360 msbf (Miocene), and then to continuously
core an additional >150 m through lithified sediment and igneous basement. At an
estimated minimum penetration rate of 2-5 m/hour, this should take 4-6 days on site. A
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free-fall funnel could be used if a bit change is required. Logging operations will consist
of the three standard logging runs (geophysical, geochemical, FMS tool strings).
The proposed drilling may be within the scope of an Ancillary Project Letter (APL).
Alternatively, site 881 re-occupation could be integrated with the Hawaii-Emperor
Expedition (Lembke-Jene, Zhang et al., this workshop report), with whom we are working
in order to develop an alternative site located to the northeast of Site 881.
PROPOSAL STATUS
Target date for submission: October 1, 2019. We are discussing a joint submission with
the Hawaii-Emperor proposal.
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Fig.1: Northwest Pacific ocean basin, with measured and inferred Δ8/4 Pb signatures, re-vised
and up-dated from Straub et al. (2009). Yellow Star - Site 881. Hokkaido Trough after MacLeod et
al. (2017). Crust ages north of the Hokkaido Trough estimated by Renkin and Sclater (1988). Note
discrepancy between observed (white) and inferred (black) fracture zones.
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4.3.4 Southern Alaska megathrust earthquake history and splay faulting –
exploring the offshore record (target: Oct. 1, 2019 for full proposal)
Peter Haeussler (USGS, USA), Harold Tobin (U. Washington, USA), Sean Gulick (U.
Texas, USA), John Jaeger (U. Florida, USA), Guillaume St-Onge (U. Quebec Rimouski,
Canada), Daniel Brothers (USGS, USA), Lee Liberty (Boise State U., USA), Emily Roland
(U. Washington, USA), Lindsay Worthington (U. New Mexico, USA), ?Alan Mix, Rob
Witter (USGS, USA)
Our understanding of the variability of megathrust earthquakes will occur
through advances in the complementary study of higher resolution paleoseismic
records and improvements in resolving strain accumulation and release though
space and time. At present, we believe that variability is related to the amount of
stress drop in the last earthquake, changes in frictional properties of the
megathrust, strain release on adjacent asperities, the location and role of splay
faults, aseismic slip, and other factors (Hardabeck, 2015; Ito et al., 2013; Tsuji et al.,
2017). A high-resolution paleoseismic record provides the basis on which to test
these kinematic conditions on large earthquake occurrence. Information on
frictional and mechanical properties of plate boundary fault zones is also critical,
but difficult to access through drilling. In many subduction zones worldwide (e.g.,
Nankai Trough), so-called megasplay faults have been identified as potential loci of
megathrust slip transfer to the surface. These features may facilitate
disproportionately large seabed uplift and associated tsunamis, as well as the
juxtaposition of rocks of different elastic and frictional properties.
We argue that the southern Alaska margin presents excellent opportunities to
characterize both the paleoseismic record of megathrust earthquakes and the
mechanical conditions governing the role of potentially-tsunamigenic splay fault
slip, within the context of Late Quaternary climate change and glacial-interglacial
cycles.
Paleoseismic Record
The southern Alaska margin is an excellent place to extend the paleoseismic
record offshore through IODP drilling (Fig. 1). The framework for offshore
investigations is provided by very good on-land paleoseismic datasets, located to the
east at the Copper River delta and to the north at Girdwood (Shennan et al., 2014;
Carver and Plafker, 2008). High-resolution lake paleoseismic records are also being
established that should stretch several thousand years at Skilak and Eklutna Lakes
(Praet et al. 2017; Boes et al., 2017; Fortin et al., 2019).
The glacially sculpted southern Alaska margin defines the physical framework for
sediment transport during, and between, megathrust earthquakes. At the Last
Glacial Maximum (LGM) ice covered all of Prince Willliam Sound and extended far
offshore the Kenai Peninsula (e.g. Kaufman et al., 2011; Fig. 1B). Glacial retreat was
likely complete by around ~13 kya (Reger, 1990).
Today, proximal depocenters lie at fjord heads, such as near the towns of Seward,
Whittier, and Valdez, where deeper basins trap sediment. Some of these proximal
basins have sedimentation strongly influenced by LIA (Little Ice Age) glacial
advances (Barclay et al., 2009). Fjord-head delta and fan failures resulted in
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numerous submarine landslides during the 1964 Mw9.2 Great Alaska earthquake,
leading to deadly local tsunamis (Coulter and Migliaccio, 1966; Plafker et al., 1969).
Further from the shoreline, depocenters such as those in central Prince William
Sound had a more muted response to sedimentation during the LIA, and have no
evidence for thick mass-flow deposits from submarine landslides (Finn et al., 2015).
Distal sedimentation occurs in offshore glacial troughs on the continental shelf.
Farther offshore, topography is steep from the shelf to the trench, without the
numerous slope basins that characterize other margins like Cascadia and Nankai.
Trench sediments are now sourced from the Copper River delta and the Yakutat
microplate collision to the east (Jaeger et al., 1998; Gulick et al., 2015) and provides
abundant suspended sediment that generally travels westward on the Alaska
coastal current.
We suggest three areas would provide fruitful targets for IODP drilling to explore
the megathrust earthquake history, splay faulting, and climate change (Figure 1).
These are: 1) Port Valdez – a proximal paleoseismic record from submarine
landslides, 2) central Prince William Sound – a paleoseismic record from 2-10 cm
thick sediment gravity flows, and 3) offshore Prince William Sound, in Junken
Trough, where splay faults intersect Quaternary glacial sequences. In each of the
following sections, we discuss scientific questions, hypotheses and potential drilling
strategies for the three target areas.
Port Valdez Record of Submarine Landslides
The sediments beneath Port Valdez show evidence for repeated submarine
landslides, likely triggered by megathrust earthquake ruptures (Figure 1B, 1C; Ryan
et al., 2010). Large submarine landslides moved sediment in the 1964 earthquake
across most of the fjord bottom (Ryan et al., 2010). Sparker seismic data show that
submarine landslide deposits are typically 5-15 m thick, and blanket the eastern
part of the fjord (Lee et al., 2007, Ryan et al., 2010). This fjord has the best ancient
record of submarine landslides in all of the southern Alaska margin with an
additional 6 large submarine landslide deposits (Ryan et al., 2010; Roland et al., in
prep.). If the submarine landslides can be dated, the correlations with the terrestrial
paleoseismic record can be tested. Additional motivations to drill the fjord-bottom
sediments include better characterizing the slide material and source to determine
flow characteristics, understanding the strength of the fjord bottom sediments to
understand growth of the slide, and interpret this record in conjunction with the
record of climate change in a proximal fjord setting.
We submitted an Ancillary Drilling Proposal to IODP for expedition 341 to drill
this section in 2013, which was approved by all science and safety panels. However,
permitting did not proceed rapidly enough to allow drilling. We remain enthusiastic
about this drilling target, but with a full proposal, we will propose more targets. The
central testable hypothesis is that each of the last great megathrust earthquakes
triggered one or more submarine landslides. We identified 7 submarine landslide
deposits from high-resolution (sparker) seismic reflection data. With drilling, we
can further characterize the deposits imaged and test the hypotheses that Port
Valdez contains a long submarine paleoseismic record.
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We suggest a suite of drilling and coring options to get through these possibly
sandy landslide deposits. First, we suggest Advance Piston Coring (APC), including
half-length APC, within the main debris lobe to penetrate the sea bottom and extend
through the 1964 deposit, up to 20 m below the sea bottom. Another possibility is to
APC just distal to the main slide debris lobe. We suggest following this coring with
Rotary Core Bit (RCB) drilling to basement at depths of about 308-460 m below the
sea bottom. To collect enough sediment and obtain a continuous record, we propose
triple coring each of two sites within the landslide deposits, and one undisturbed
site outside the deposits, at the west end of the fjord.
Record of Earthquakes and Climate Change in the Central Prince William Sound Basin
The deep (~400 m) basin in central Prince William Sound holds a promising and
high-resolution record of earthquakes and climate change (Fig. 1B, 1D). A recent
paper by Kuehl et al. (2017) on two 160-cm cores from this basin provides strong
evidence for four historical earthquakes being recorded in the sediments, which
appear to correlate with known earthquakes since 1899. Given ~200 m of post-LGM
sediment in the basins, as indicated on sparker seismic reflection data (Finn et al.
2015), long cores should provide a fruitful record of ancient earthquakes. Moreover,
Kuehl et al. (2017) were able to geochemically fingerprint sediments dominated by
sources within PWS versus those from the Copper River delta, and thus document
important climate signals. A principal science question is can these somewhat
isolated depocenters in a marine setting be used to develop a long-term
paleoseismic record? If so, this would significantly expand the field of marine
paleoseismology and expand the record of megathrust earthquakes in Prince
William Sound.
We propose triple coring the sediments in this central Prince William Sound
basin. We anticipate the APC should be able to penetrate the sediments, and the
triplicate samples are needed to ensure complete correlations, and adequate sample
volume for destructive analyses (14C dating). We propose drilling the entire
sedimentary package of approximately 200 m (Finn et al., 2015) to basement.
Splay Faulting History and Mechanics
Finally, we propose drilling in Junken Trough to investigate splay faulting in the
Alaskan forearc (Fig. 1B, 1E 1F). The Patton Bay fault system ruptured during the
1964 earthquake resulting in up to 10 m of uplift on Montague Island, as well as
surface exposures of the splay fault (Plafker, 1969). Liberty et al. (2013) first imaged
the fault system in the Junken Trough and found a long history of splay faulting
within the glacial and interglacial sediments. In 2014, the USGS collected multibeam
bathymetry and sparker seismic reflection data over a significant part of the
offshore extension of the fault (Fig. 1F; Liberty et al., in revision). The pseudo-3D
MCS data show the fault in unprecedented detail, and demonstrate the Cape Clear
fault has a much greater slip rate offshore, and that there are numerous splay fault
strands that are active (Liberty et al., 2013, in revision). 1980s vintage seismic
reflection data indicate these faults merge with the megathrust in a region of
underplating. Therefore the Cape Cleare/Patton Bay system is a megasplay
analogous to the one drilled as part of the NanTroSEIZE project, but with well49

documented slip during a historic megathrust event. Drilling the glacial sequence
across the various fault blocks would define the slip rates on the fault strands, and
establish if there is a structural progression to deformation. Drilling across the fault
zone itself in bedrock offshore would permit sampling and possibly instrumenting
of the fault and damage zone to investigate the frictional properties, stress, and pore
fluid pressure of the post-seismic splay fault, complementing NanTroSEIZE, Alpine
Fault, and San Andreas drilling studies.
Figure 1. Proposed drilling targets in the Prince William Sound (PWS), Alaska,
region. A) Overview of the tectonics of the Prince William Sound region. Inset box
shows area of Figure 1B. B) Bathymetric map of the PWS region showing the three
proposed drilling areas in some detail and location names used in text. C) East-west
seismic profile in Port Valdez showing the multiple submarine landslide deposits
beneath the sea bottom. D) North-south seismic profile across the central PWS
depocenter from Finn et al. (2015). E) NNW-SSE seismic profile along the axis of
Junken Trough showing splay faulting of glacial and interglacial sediments from
Liberty et al. (2013). F) Multibeam bathymetry of the Cape Cleare, bottom, and
Patton Bay faults, top.
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4.3.5 TSUNAMI HAZARDS TO THE US WEST COAST FROM A GREAT
EARTHQUAKE IN THE SEMIDI SEGMENT, ALASKA
Proponents, (provisional), Peter Haeussler, Daniel Brothers, John J. Miller, David Scholl and Roland
von Huene.
Science questions and hypothesis: A key to assessing hazards from future tsunamis along the US west
coast is understanding the tsunami potential along the Alaska margin. Drill samples from the
Alaskan Unimak earthquake segment will advance understanding of tsunami generation during the
1946 high magnitude event and strengthen assessments of the portending tsunami to the US west
coast from the Semidi segment.
Motivation for this proposal: The Alaska convergent margin Semidi earthquake segment has all the
commonly cited signs of an impending tsunamigenic earthquake. Tsunami history shows that the
Alaska subduction zone can generate high magnitude tsunamis. The 1946 Unimak Island far-field
tsunami was of the same magnitude as the 2011 Tohoku tsunami: it traversed the Pacific to
Antarctica [c.f.Okal and Hebert, 2001]. In the Hawaiian Islands the tsunami took 173 lives, it caused
over $26 million damage, and despite a direction toward mid-Pacific islands, its 10-ft-high wave
severely damaged the U.S. west coast. This event is the type example of a tsunami earthquake and
resulted in creation of the Pacific Tsunami Warning Service [SAFRR, 2013]. Recent discovery of an
active splay fault zone in the Unimak earthquake segment helps explain the high magnitude of the
1946 far-field tsunami. Modeling indicates that for a given amount of slip, splay faults produce larger
magnitude tsunamis than elevation change of the frontal prism [Wendt et al., 2009]. An active splay
fault also occurs along the Semidi segment and that heightens its hazards potential. The Semidi
seismic cycle of great earthquakes is within the window of coseismic repeat times for tsunamigenic
earthquakes as revealed in paleo tsunami studies [Briggs et al., 2014, Nelson et al., 2015]. The
segment is 90% locked, consistent with its current low microseismicity. Tsunami modeling indicates
that a tsunami from the Semidi segment would be directed toward the US west coast [SAFRR
Tsunami Scenario, 2013, von Huene et al., 2015].
The 1946 Unimak earthquake also produced an extreme near-field tsunami. The 42m high runup
from a near-field tsunami destroyed the lighthouse and its occupants at Scotch Cap on Unimak Island.
An understanding of the 1946 tsunami is a gateway to assessing how likely a great earthquake could
generate a transoceanic and a local tsunami at the same time.
Science questions and hypothesis.
1..Was the slide block hypothesized as a source of the 1946 near-field tsunami active in 1946?
2..Did splay fault slip generate the 1946 far-field tsunami as hypothesized from epicenter position?
3..Is fluid venting triggered by tsunami earthquakes and are they recorded in vent sediment aprons?
Outline of drilling strategy Hypotheses 1 and 2 are addressed at a drill sites on the Unimak margin
and hypothesIs 3 is tested with drill sites 240 km away in the Semidi area.
We propose to test hypothesis 1 by sampling a berm of mass wasting material trailing the Lone Hill
slide block (Fig 1). The block trailing flank was failing during sliding leaving the berm. Sampling the
berm should penetrate the contact between mass wasting materials and the underlying sediment of
the mid slope terrace. Although berm material are not good for hole conditions, a saddle in the berm
of relatively fine grained materials is only 50 to 100m thick. Piston coring to refusal in soft sediment
commonly exceeds 100m and coring the flanks of the berm requires less penetration. We envision a
transect of 5 piston cored holes from the distal flanks and on the crest of the berm. Distances could
be short enough to leave the drill string out during transit. Analysis of the buried slide surface can
show if the slide block hydroplaned on a fluid rich interface or if friction was reduced by other
processes. A greatly reduced friction appears required by preliminary modeling of the slide.
An alternate site on the slide block could drill to the slip interface in 500-700m (Fig 2). The slide
block edges appear to be failure slopes but available backscatter imagery (GLORIA) indicates a stable
interior area. Recovery of an undeformed slip interface would not be as likely as with piston coring
the berm and the alternate is proposed in the event coring the berm is unsuccessful.
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Investigation of hypothesis 2 can be addressed by drilling in an embayment into the deformation
front where a seamount recently subducted. Seamount subduction removed the frontal prism
leaving a steep slope that probably received mass wasting sediment from shaking during splay fault
slip. Without a frontal prism only displacement of the splay would be recorded. This site could also
contribute a history of splay fault displacement after seamount subduction estimated at less than 1
Ma from seismic images of its position in the subduction zone. Minimum drill depth would be
~150m.
Hypothesis 3 sites are in the Semidi segment and involve coring the sediment apron around a vent
formed as sediment is expelled during activity. Relationships between fluid venting near active faults
and great earthquakes has not been established. A chronology of seismic events has been observed
on Sitkinak and Chirikof Islands (Briggs et al., 2014, Nelson et al., 2014) and comparing it to the vent
apron section should show whether fluid venting is triggered during great earthquakes. Local basins
on the slope may be opportune targets but have not yet been examined for favorable stratigraphic
sections.
The physical properties acquired during the proposed drill campaign will modify current modeling of
tsunami generation in the Semidi segment that is difficult when applying generally used criteria.

This is a pre-proposal for consideration by the science evaluation committee.

Figure 1 Slope morphology off Unimak Island, Alaska. A) Multibeam bathymetry. Lone Hill detached
from the embayment and slid across the terrace. That slide may have generated the 1946 near-field
tsunami. Red star = 1946 tsunami earthquake epicenter. Black line = seismic transect. Red
circles=proposed drill sites. B) perspective looking northeast for visualization of the trailing debris berm
from detachment and sliding of Lone Hill. The block edges failed during sliding. Chaotic morphology
between the terrace and frontal prism is formed by the seafloor emergence of a splay fault zone,
hypothesized as a source of the far field tsunami. Dots across the berm are proposed piston cored drill sites
to penetrate the slide interface for dating of the slide.

Fig 2 Depth section across the Lone Hill slide block along seismic line in Fig 1,
Dots indicate slip interface, the target of a 600m deep drill hole
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Fig 3 GLORIA back scatter image of seafloor vents in the Semidi splay fault area.
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4.3.6 Mantle dynamics recorded by the northernmost Emperor
Seamounts: A return to Meiji Guyot
John Tarduno1−2, Richard K. Bono1,3 and Rory D. Cottrell1
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Rapid southward motion of the Hawaiian hotspot during formation of the Emperor Seamounts is
now defined by 5 independent lines of evidence: paleomagnetic studies , plate circuit analyses ,
sediment facies and carbonate accumulation rates , geodynamic modeling and changes in distance
relative to the Louisville hotspot . These data require a fundamental change in prior views of
hotspots as fixed in the mantle. They suggest the overall morphology of the iconic HawaiianEmperor bend is mainly due to rapid hotspot drift rather than plate motion (Fig. 1).
1−2

2,5

3−4

6
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8−9

Figure 1. Left: Present Hawaiian-Emperor chain; Meiji Guyot highlighted by white box. Right:
Hypothetical track that would have been produced if the hotspot had been fixed.

Paleomagnetic data confirming the rapid hotspot drift hypothesis were obtained by Ocean
Drilling Project Leg 197 . Part of the ODP 197 approved drilling plan was to core Meiji
Guyot, the northernmost volcanic edifice associated with the Emperor Seamounts (Fig. 1).
Ultimately, ODP was not granted permission to drill the Meiji sites, which are in Russian
waters. However, the results of ODP 197, and other data sets from the last 15 years,
highlight the key questions addressable by drilling Meiji Guyot that can further our
understanding of geodynamics. These include:
1

2

1. Does Meiji Guyot represent increased mantle plume flux, and the waning portion of a
plume-head that marked initiation of the hotspot?
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2. What is the age of the oldest Hawaiian-Emperor (H-E) chain, and how does this relate
to plume tilt mechanisms?
3. What is the geochemical signature of the Meiji Guyot basement, and how does this relate
to mantle sources?
4. What is the paleolatitude during formation of the oldest H-E seamount/guyot, and what
does this tell us about long-term stability of Earth relative to the spin axis?
5. What is the origin of the bend on the oldest H-E chain?
Proposed Drilling
We propose a new expedition to drill a transect of three sites on Meiji Guyot with full cased
reentry funnels with the primary goal of recovering 300 m of basalt at each site.
Paleoceanography goals of the Paleocene-recent sediments have been addressed by
multiple APC coring during ODP Leg 197 and 145. However, the lowermost sediments
from Meiji Guyot could preserve the northernmost Pacific plate record of Cretaceous
paleoceanography, possibly including OAE 2 and therefore their recovery is proposed.
Requirements
Because sites were approved for ODP Leg 197, the data needed for drilling are in place.
An outstanding issue is approval for drilling in non-US (i.e., Russian) waters.
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5. Participant Feedback
We used an online survey platform to survey participants throughout the
meeting to gauge the effectiveness of the workshop structure and agenda. During
the final plenary session, participants were asked to respond to the following
questions about the workshop’s overall effectiveness in meeting two goals:
1) establishing new collaborations and 2) developing drilling priorities
across the region.
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Maureen Walczak, Christian Maerz, Lester Lembke-Jene, Beth Caissie, Julie BrighamGrette, Rina Fukuchi, Laurel Childress, Debbie Hutchinson, Peter Haeussler, Danny
Brothers, Anne Becel, Matt Malkowski, Jesse Colangelo, Louise Farquharson, Philipp
Ruprecht, Brian Jicha, Shaun Marcott
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9. Workshop Schedule
Final Meeting Agenda – Updated September 26
Sept 24 - Pre-Workshop Session: The Ins and Outs of Ocean Drilling for New Investigators
6:30-8:00 pm

Evening Session: Demystifying the IODP proposal process for early career
investigators and those new to IODP – Lindsay Worthington, Bernie Coakley,
Kristen St. John, Harold Tobin, Sean Gulick

Sept 25 - Burning Questions and the Past, Present and Future of Drilling in the Region
7:00-8:00 am

Registration, Talk Preparation, Coffee

8:15-8:30 am

Plenary: Introduction to the Workshop
● Why now? Background/History/Goals/Outcomes – Lindsay Worthington

8:30-10:00 am

Plenary: Burning Questions Across the Science Themes in the Region I
(Lindsay Worthington)
• Understanding Arctic Amplification: the need for Paleoclimatology over
all timescales – Tom Cronin
● Burning questions about arc volcanism in the North Pacific that can be
addressed by drilling - Jess Larsen
● Drilling Faults To Figure Out Earthquakes – Heather Savage
● New Paleomagnetic Observations and Stratigraphic Opportunities for the
NE Pacific - Joe Stoner

10:00-10:30 am

Coffee Break

10:30-10:50 am

Plenary: Burning Questions Across Science Themes in the Region II
● Summary of scientific objectives and hypotheses provided by workshop
applicants and white papers – Kristen St. John

11:00-12:30 pm

Thematic Breakout Session - 3 groups based on science themes: (Climate (ice,
ocean), Volcanoes/Earth Connections, Hazards/Earth in Motion)

12:30-1:30 pm

Lunch

1:30-2:30 pm

Plenary: Scientific Ocean Drilling in NPac/Arctic - Past/Present/Future I
(Kristen St. John)
● Bering Sea - Christina Ravelo
● Western Arctic paleoceanography: scientific drilling prospects and
challenges - Leonid Polyak
● North Pacific – Maureen Walczak

2:30-3:30 pm

Regional Breakout Session I - 3 groups based on subregions (North Pacific;
Arctic; Bering)

3:30-4:00 pm

Coffee Break
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4:00-4:30 pm

Plenary: Breakout group reports and discussion - Science Steering Committee

4:30-5:30 pm

Plenary: Scientific Ocean Drilling in NPac/Arctic - Past/Present/Future II
(Jule Mueller)
● Early diagenesis in (sub-) Arctic sediments – Curse or blessing? Christian Maerz
● The Subarctic Pacific and its marginal seas: connecting polar and lower
latitudes by circulation, land-ocean links and the carbon cycle - Lester
Lembke-Jene
● A North Pacific Treasure Map: Sea Ice Leaves Its Mark - Beth Caissie
● Plio-Pleistocene Stability of the Bering Strait Gateway and
Interhemispheric polar teleconnections - Julie Brigham-Grette
● Future scientific challenges from borehole core and cuttings to advance
understanding of seismogenic subduction zone: an example from
NantroSEIZE project - Rina Fukuchi

5:30-8:30 pm

Ice Breaker and Dinner

Sept 26 – Drilling, Instrumentation and Regional Priorities
8:00-8:30 am

Plenary: Welcome and brief summary from previous day – Bernie Coakley
• Brief Thematic and Regional Working Group Reports

8:30 - 9:15 am

Plenary: IODP Drilling and Instrumentation
(Bernie Coakley)
● JOIDES Resolution capabilities and plans – Laurel Childress
● Review of IODP proposal system and site selection criteria – Sean Gulick

9:15 – 10:00 am

Plenary: New opportunities, long term initiatives, existing site data
(Bernie Coakley)
• Canada Basin north of Alaska: Frontier Scientific Opportunities - Debbie
Hutchinson
• Understanding megathrust earthquake hazards along the southern Alaska
margin through scientific drilling - Peter Haeussler
• Exploring the Interplay Between Tectonics, Fluids, and Sedimentary
Processes Along The Queen Charlotte Transform Boundary - Danny
Brothers

10:00 - 10:30 am

Coffee break

10:30 – 11:45 am

Plenary: Key hypotheses and new directions
(Matthias Forwick)

•

Drilling locked and creeping subduction segments offshore Alaska
- Anne Becel

●

Pleistocene–Holocene sediment routing to the Beringian Margin - Matt
Malkowski
Sediment microbial geochemical cycling and biosignatures - Jesse
Colangelo
Arctic Ocean glaciation during the late Pleistocene: what can we learn

●
●
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●
●
●

from combining terrestrial and off-shore sediment records? - Louise
Farquharson
Volatile cycling the Alaskan Peninsula across variations of the incoming
plate - Philipp Ruprecht
Aleutian arc initiation, migration, and evolution - Brian Jicha
Subducting Sediments and Ice Sheet Inception: Application of
Cosmogenic Isotopes to Marine and Terrestrial Records - Shaun Marcott

12:00 – 1:00 pm

Lunch (Group picture on patio before lunch)

1:00 - 2:30 pm

Regional Breakout Session II – 3 groups based on regions, begin articulating
proposals and identify point person(s)

2:30 - 3:00 pm

Coffee Break

3:00 - 3:30 pm

Plenary: Working group reports—Deliverable: Proposal ideas with associated
point person(s)

3:30 - 5:30 pm

Project Breakout Session I - Nurturing new and existing proposals – selforganized around proposal ideas

5:30 - 7:00 pm

Dinner

7:00 - 8:30 pm

Project Breakout Session II - Nurturing new and existing proposals (selforganized--rooms are available if needed)

Sept 27 - Summary and the Charge Ahead
8:30 – 9:30 am

Plenary: Closing of the workshop--Update on proposal progress, announcements,
acknowledgements, exit survey, meeting follow up, other discussion – Lindsay
Worthington
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