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SUMMARY

|. Title: Based Research on International Joint Drilling for Reconstructing Evolution and

Glacial History of the Arctic Ocean

Il. Purpose and Necessity of R&D

(0]

Joint participation of the Republic of Korea for International Arctic Ocean Drilling

Program

(e]

A better understanding of uncertain future climate change from the reconstruction of

paleoclimate and-environmental changes in the Arctic Ocean

Ill. Contents and Extent of R&D

o

Joint submission of the proposal to International Arctic Ocean Drilling Program

o

Constraining and reconstructing the last glaciation of the East Siberian margin, western

Arctic Ocean

e}

Holding/attending international joint workshops to submit IODP proposals

IV. R&D Results

0]

Confirmation of International Arctic Ocean Drilling Program (2021/22. 09)

o

Reconstruction of glacial history of the Arliss Plateau in the East Siberian margin, the

western Arctic Ocean along with definition of western Arctic lithostratigraphy

(0]

Multi-proxy analysis for western Arctic Ocean sediments

V. Application Plans of R&D Results

o

Expansion of Arctic research areas from joint participation of “Araon” in the IODP

o Motivation on the national Earth Science community for the Arctic research through
the IODP participation

o Securing the necessity/validity of building the next icebreaker through participation in
the Big Earth Science Program

o Drawing public sympathy and interest in the importance of polar research

o Pursue initiative in the Arctic research of the Republic of Korea
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Proponents: R. Stein', W. Jokat', E. Weigelt', H. Brinkhuis?, L. Clarke?,
B. Coakley*, M. Forwick®, M. Jakobsson®, A. Krylov7, J. Matthiessen’,
M F. Niessen', M. O Regan?, C. Stickley, K. St. John®
Overall Goal:

Recovery of a complete (composite) stratigraphic
sedimentary record on the southern Lomonosov
Ridge to meet our highest-priority paleoceanographic
objective, the continuous long-term Cenozoic climate
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history of the central Arctic Ocean
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Abstract

Prior 1o 2004, geological sampling in the Arctic Ocean was mainly restricted to near-surface Quatemary sediments. Thus,
he long-term Pre-Quaternary geological history is still poorly known. With the successful completion of the Arctic Goring
Expedition - ACEX (I0DP Expedition 302) in 2004, a new era in Arciic research has begun. Employing a novel mutti-vessel
approach, the first Mission Specific Platiorm (MSP) expeciiion of IODP has proven that driling in permanently ice-covered
regions s possible. During ACEX, 428 meters of Quatemary, Neogene, Paleogene and Campanian sediment on
LLomonosav Ridge were: nene!raxeo providing new uni Arcic pal

|, ACEX also has limitations. The ACEX
2 large hatus spanning e tme intervl fom fae Eocene to middle Miocene (based on the oﬂgma) biosiratigraphic age
mode!) or an interval of stongly reduced sedimentation raies (new Os-Re-isolope-based age model). This is a ciitical time
interval, as it spans the time when prominent changes in global climate ook place during the transition from the early

\0zZ0ic. ., generally poor 1 ACH
fCe

continuous Finally, a high
Arctic rapid climate change during Neogene 1o Pieistocene times, could not be reached during AGEX. We believe, this
justifies a retum 1o the Lomonosow Ridge for a second MSP - type drillng campaign within IODP to fill these major gaps in
our knowledge on Arciic Ocean paleoenvironmental history throligh Genozoic fimes and s relationship to the giobal climate
history.

Overall goal of yo T

LLomonosav Ridge 1o meet our highest i long-term G

history of the ceniral Arctic Ocean. Furthermore, sedimentation rates Wwo m four times higher than those of ACEX permit

higher-resolution stdies of Ar:ﬂc lmate crange. A demanstaied n e pmpcsal thie goal can be achieved by careful
, appropr nology.
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recovery for construction of a composite section

ArcOP objectives are key elements in the IODP New Science Plan, Theme 1 Climate and Ocean Change:

Addendum to Proposal 708-Full1 (update of 24 September 2019)

Arctic Ocean Paleoceanography: Towards a Continuous Cenozoic Record from a
Greenhouse to an Icehouse World (ArcOP)

Proponents:

R. Stein, E. Weigell, F. Niessen, W. Jokal, J. Matthiessen, S.-1. Nam, K. St. John, M.
Jakobsson, M. O'Regan, M. Forwick, A. Krylov, C. Gebhardt, B. Coakley, H. Brinkhuis, L.
Clarke

Note: S.-I. Nam (KOPRI - Korean Polar Research Institute, Incheon, Korea; Pl for Araon-IODP activities)

Preface:

This document, that is submitted here as an up-dated 708-Addendum, | sent on July 22 to
Gilbert Camoin (EMA Director), Dave Mcinroy (ESO Science Manager), and Gabi
Uenzelmann-Neben (EFB Chair).

Expedition 377 (ArcOP) up-date
Dear all,

on 21 June | sent you some information about my activities related to Expedition 377/ArcOP,
dealing with (1) the ODEN as in-kind contribution, (2) the option of a BGR contribution for the
ODEN fuel costs, and (3) the option getting the ARAON involved into the ArcOP program and
= by this — changing the original drilling strategy in order to save lime/money. | am very glad
that meanwhile BGR has decided to contribute significantly to the ODEN fuel costs, and | hope
that your further discussion with the head of the SPRS Katarina Gardsfeldt about the in-kind
contribution of the ODEN was/will be successful as well.

Your comments related to Point (3) of my 21 June email, i.e., getting the ARAON involved in

Scientific Objectives

the central Arciic Ocean will be
studied 1o answer e following key questions:

Didthe Arciic
Cenozoic Icshouse condito
it he Eary Eocene Clmats Optmum (po0rrecovery i he ACEX recor) and e Oligocens and Mic-Miocens warings 30
feflected n Arctc Ocean recorcs?
Did extensive glaciations (e.g., the O and Mi-1 glaciations)

the

Hemxspnmﬂ
(Plio-|Preistoces
d:i.nnal seismic reflection profiing?
, extent
did acold,
'msluxmr and oxygenated Neogens ocean occur?
Whatis the history of Siberian river isitfor , water ciimate

change?

the

ArCOP record the Siberian Lake E1'qygyigyn?
What s the catise of the major hialus recovered in the ACEX record? Does this hiatus in fact exist?

the program and possible q can be sur as follows:
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IODP-Araon Expedition 2021 (2022) _
— Supplement to Exp 377

IODP-Araon Expedition 2021 (2022)
— Supplement to Exp 377 |20
Pl i

Frntswrt s

Working title of an 708 APL (?) for an IODP-Araon Expedition:
Proponents: S.-l. Nam, R. Stein, ..., F. Niessen, E. Weigell, ......

(other KOPRI scientists to be named)
Pleistocene Chronostratigraphy and
Glacial Erosion on Lomonosov Ridge
— A Supplement to IODP Expedition 377

Sooe

R Stein: IODP — ArcDP — Araon (KOPR, Incheon/Korea. 23 August 2010) AN

919, B8 RRRAE oY AR ofehe FEAIE 98 F7b AFAAA AF L ODP HAFE
AAAEAE AR G L obehe AF A (SHEA)

2. AESH-EHBFANST TATEAANFE AT duAIFAAN TEAE

A}% o ARGl A5 GA/AFR] ARE 3

e

&%

L84

7} 20104 o] - ofeh-

A A4 F5 3o
S5 A 2 WG] AT ENAAF B U A|FA kA S 18] A2
A TE YA F4(2018.12.12. USGS. Reston. USA)

Scientific Exploration of the Arctic and North Pacific (SEA-NorP) IODP
Workshop, September 25-27, 2018, Mt. Hood, Oregon, USA

Climate & Ocean Change (IODP 2013-2023 Theme)

Western Arctic Ocean

Maior objectives Parallel questions to Bering Sea:
* Continental shelf growth opportunities for regional
* Sea level, gateways, and ocean circulation drilling strategy

* History of glaciations
* Sea-ice response to climate change

Target areas
» Chukchi Margin: Cenozoic prograding deposits, Holocene accumulation
» Beaufort margin: sea level, glaciations, sea ice; gas hydrates
* Mackenzie Trough: deglacial history of the Laurentide Ice Sheet and drainage
* Canada Basin: turbidite depocenter

a9 20. HAR-wlFP s = A F 58 A A F=(I0DP, International Ocean Drilling Program) A|¢tA A E =&

o WG E S T3l oA = AEFaA-FEHE YNNG gAFTEHNAAFE 25 A FA| <t
A A E(2019.04.02.): “Geological history and paleoceanography of the Western Arctic
Ocean from Chukchi Borderland to Canada Basin (#957-Pre)”
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Figure 1. Index map of the Chukchi Borderland region with bathymetry in 500-m
contours. Yellow dots mark proposed drilling sites CHK 1-12; dark blue stars —
Chukehi shelf exploration wells used for stratigraphy constraints. MCS lines: Healy
2005, green, Polarstern 2008, purple, Langseih 2011, red. Dark blue squares —
Polarstern (AWI) sonobuoys used to estimate the velocity/depth function (Fig. 8).
Yellow/red triangles - dredging sites with metamorphic/volcanic rocks. Dredge
locations from Brumiey (2014). Bathymetry from the International Bathymetric Chart of
the Arctic Ocean (IBCAO) grid (Jakobsson, et al, 2012},

Figure 3. Chukchi Spur transect (see Figs. 1 and 2a for location). Three sites, CHK-01
o 03, proposed to sample the draped Cenozoic to possibly oider sequence and the
completely unknown underlying basement. CHK-07 would also penetrate a small
graben, enabling constraint of soma of the Borderland extensional history (Ilhan and
Coakley, 2018). Weakly laminated reflectors underlying the bright unconformity
suggest laminated sedimenis, which could be sampled at CHK-02 and 03.
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- EM ice thickness probe
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Problems with Late Cenozoic stratigraphy
in the Arctic Ocean

fossils, little

. dissolution of cal
knowledge on datums in the Arctic
stionable, possibly diagenetic

* 14-C: poorly known AR, lar

, Be &

o - (Amino Acids, Lumi
U-series isotopes): not fully tested, each has problems

* Oxygen isotopes have local history, not correlative to global records

* Needfor detailed, mult-proxy correlations and independent time markers
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o =%FAE: Improved Pleostocene sediment stratigraphy and paleoenvironmental
implications for the western Arctic Ocean off the East Siberian and Chukchi margins.
M. Schreck et al. (2018. 07)

L}, Quaternary Geochronology SCI =% A A1 (IF 3.96)

o = Al5&: Cyclostratigraphic age constraining for Quaternary sediments in the Makarov

Basin of the western Arctic Ocean using manganese variability. K. Park et al. (2020. 02)
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o =¥A&: Late Quaternary depositional and glacial history of the Arliss Plateau off the
East Siberian margin in the western Arctic Ocean. Y. J. Joe et al. (2020. 02)
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IODP Proposal Cover Sheet

Central Arctic Paleoceanography

708 - Full

Title | Arctic Ocean Paleoceanography: Towards a Continuous Cenozoic Record from a Greenhouse to an
Icehouse World (ACEX2)

Proponents | R.Sten. W. Jokat. H. Brinkhuis, L Clarke, B. Coakley, M. Jakobsson, J. Matthiessen, M. ORegan, C.
Stickley, K_St John, E. Weigelt,

Contact Information

Contact Person: | Ruediger Stein

Department: | Geosciences

Address: | Am Alten Hafen 26 | Bremerhaven 27568

Tel: |+4947148311576 |  Fax: | +4047148311023

E-mail: | Ruediger.Stein@awi.de

Abstract

Prior to 2004, the geological sampling in the Arctic Ocean was mainly restricted to near-surface Quaternary sediments. Thus,
the long-term Pre-Quatemnary geological history s stil poorly known. With the successfl completion of the Arctic Coring
Expedition - ACEX (IODP Expedition 302) in 2004, a new era in Arctic research has begun. Employing a novel multi-vessel
approach, the first Mission Specific Platform (MSP) expedition of IODP has proven that driling in permanently ice-covered
regions is possible. During ACEX, 428 meters of Quatemary, Neogene, Paleogene and Campanian sediment on Lomonosov
Ridge were penetrated. providing new unique insights into the Cenozoic Arctic paleoceoceanographic and cimatic history.
Whie highly successful. the ACEX record also has three important imitations. Based on the original age model, the ACEX
sequence contains a large hiatus spanning the time interval from late Eocene to middle Miccene., ie., 444 10 182 Ma. Thisis
a critical ime interval, as it spans the time when prominent changes in global cimate took place during the transition from the
early Cenozoic Greenhouse world to the Iate Cenozoic lcehouse world. Furthermore, generally poor recovery duning ACEX
prevented detailed and continuous reconstruction of Cenozoic cimate history. Finally, a higher-resolution reconstruction of
Arctic rapid cimate change during Neogene to Pleistocene times, could not be reached during ACEX in 2004. We believe, this
justifies a retumn to the Lomonosov Ridge for a second MSP - type drilling campaign within I0DP to fil these major gaps in our
knowdedge on Arctic Ocean paleoenvironmental history through Cenozoic times and its relationship to the global dimate
history.

Owerall goal of the proposed driling campaign is the recovery of a complete stratigraphic sedimentary record on the southem
Lomonosov Ridge to meet our highest prionty paleoceanographic objective, the continuous long-term Cenazoic ciimate
history of the central Arctic Ocean. Furthermore, sedimentation rates two to four imes higher than those of ACEX permit
higher-resolution studies of Arctic cimate change in the Pleistocene and Neogene. As demonstrated in the proposal, this goal

paleoceanographic,
mmhdsbmmmdhmmbmmmyhmda
composite section.

ACEX2 objectves are key elements in the I0DP New Scence Plan, Theme 1 Climate and Ocean Change, especially
Challenges 1and 2.
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Scientific Objectives

A complete Cenazoic sedimentary sequence from the central Arctic Ocean will be studied to answer the following key
questions:

- Did the Arctic Ocean climate follow the global dimate evolution during its course from early Cenczoic Greenhouse to late
Cenozoic lcehouse conditions?

- Are the Early Eocene Climate Optimum (poor recovery in the ACEX record) and the Oligocene and Mid-Miocene warmings
also reflected in Arctic Ocean records?

- Did extensive glaciations (e g., the Ol-1 and Mi-1 glacations) develop synchronously in both the Northem and Southem
Hemispheres?

- What is the timing of repeated major (Plio-)Pleistocene Arctic glaciations as postulated from sediment echosounding and
- What was the vanability of sea-ice in terms of frequency. extent and magnitude?

- When and how did the change from a warm, fresh-water-influenced, biosiica-rich and poorly ventilated Eocene ocean to a
cold, fossil-poor, and oxygenated Neogene ocean occur?

- How cnitical s the exchange of water masses between the Arctic Ocean and the Atlantic and Pacsic for the long-term climate
evolution as well as rapid dlimate change?

- What is the history of Siberian river discharge and how critical is it for sea-ice formation, water mass circulation and climate
change?

- How did the Arctic Ocean evolve during the Pliocene wam period and succeeding cooling? How do the ACEX2 record
cormelate with the terrestrial record from the Siberian Lake Elgygytgyn?

- What is the cause of the major hiatus recovered in the ACEX record? Does this hiatus in fact exist?

Non-standard measurements technology needed to achieve the proposed scientific objectives.

The sites are located in the seasonally ice-covered central Arctic Ocean (southem Lomonosov Ridge), and will need mission

specific vessels to perform the driling in the pack ice (marginal ice zone). A wel organized ice-management strategy and
support by an icebreaker (e.g., RV Polarstern) are needed.

Proposed Sites

- Water Penetration (m)
Sit — . _—
e Name (Lat, Lon) D(qnh 5 - Brief Site-specific Objectives

LORL-58 8380, 14648 1334 1250 0 1250| Recovery of a stratigraphic
se&naﬂym

LORI-18A 80.78, 142.78 1752 1850 0 1850| Recovery of a stratigraphic

LR-02A 80.07, 14247 1450 1300 0 1300| Recovery of a siratigraphic

LRO1A 8085, 14297 1405 1225 0 1225| Recovery of a stratigraphic
m& southem
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Improved Pleistocene sediment stratigraphy and paleoenvironmental
implications for the western Arctic Ocean off the East Siberian
and Chukchi margins

Michael Schreck'? - Seung-Il Nam? . L. Polyak® - C. Vogt* - G.-S. Kong® - R. Stein® - J. Matthiessen® . F. Niessen®

Received: 25 January 2018 / Accepted: 22 June 2018 / Published online: 5 July 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Sediment cores from the East Siberian and Chukchi margins and adjacent basins are used to refine the upper Pleistocene
stratigraphy and better constrain the timing of major glacial advances in the western Arctic Ocean. Cores have been analysed
usmg hlgh -resolution non-destructive physical properties (density, magnetic susceptibility and colour) and X-ray fluorescence
( and calcium contents). All analysed cores reveal a spatially coherent stratigraphic
pattern that enables robust correlations from the East Siberian margin to the Mendeleev and Northwind Ridges, thus high-
lighting the potential of such multiproxy approach for improving stratigraphic framework. The distribution of sedimentary
units resulting from core correlation indicates decreasing sedimentation rates by more than one order of magnitude from the
East Siberian margin east- and northwards, reflecting an increased distance from the main sediment sources, increasing sea-
ice cover, and longer residence times in the Beaufort Gyre circulation. The stratigraphy presented, consistent with existing
geophysical data, indicates the most recent major glacial advance from the East Siberian margin with ice grounding at water
depth> 800 m during estimated Marine Isotope Stages 4/3, roughly contemporaneous with the Middle Weichselian glacia-
tion in northern Eurasia. Earlier glacial events are potentially indicated by glaciogenic units in cores away from the margin,
where they are not overprinted by a younger ice advance. Sediment thickness increase towards the Siberian margin also sug-
gests the possibility of a limited MIS 2 glaciation, although no direct evidence for such an ice sheet has been found thus far.

Acknowledgements We would like to thank the captain and crew of
RV Araon and RV Polarstern for excellent collaboration and support
during expeditions ARAO3B, ARAO6B, and PS72. Work on this paper
was funded by the Seed-type Research Program (no. PE18350) of the
Korea Polar Research Institute. LP was supported by the US National
Science Foundation awards ARC-0806999 and ARC-1304755. In
addition, this paper is a contribution to the AWI Research Program
PACES II, 3.1 and 3.2. Comments from two anonymous reviewers
helped improving this manuscript.
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Cyclostratigraphic age constraining for Quaternary sediments in the
Makarov Basin of the western Arctic Ocean using manganese variability

Kwangkyu Park &b Jung-Hyun Kim“, Hirofumi Asahi®, Leonid Polyak °, Boo-Keun Khim L
Michael Schreck ¢, Frank Niessen®, Gee Soo Kong', Seung-Il Nam ™"

* Division of Polar Palcoenvironment, Korea Polar Research Institute, 26 Songdomirac-ro, Yeonsu-gu, Incheon 21990, Republic of Korea
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ARTICLEINFO ABSTRACT

Keywords: The Quaternary paleoenvironmental history of the Arctic Ocean remains uncertain, mainly due to the limited
Cyclostratigraphy chronological constraints, especially beyond the 14C dating limits of accelerator mass spectrometry (AMS). The
Manganese difficulty in ishing reliable ies is mainly aributed to low sedimentation rates and

Westemn Arctic Ocean
Laurentide Ice Sheet
Glacial-interglacial cycles

diagenetic sediment changes, resulting in very poor of ils and altered re-
cords. In the absence of independent chronostratigraphic data, the age model of Pleistocene sediments from the
Arctic Ocean is mainly based on cyclostratigraphy, which relates lithologic changes to climatic variability on
orbital time scales. In this study, we used the Mn/Al record measured from the sediment core ARA03B-41GC
retrieved from the Makarov Basin in the western Arctic Ocean. The Mn/Al van.mon was mned to the global
benthic oxygen isotope stack (LR04) curve under different ions for

of assumptions, our computational approach led to similar ages of about 600-1,000 ka for the bottom part of the
core. These age models were up to about 200 ka older than those derived from lithostratigraphic approaches.
Interestingly, our new age models show that the Ca/Al peak, a proxy for a detrital input from the Laurentide Ice
Sheet, first occurred about 150 ka earlier than those previously proposed. Therefore, our results suggest that the
glaciers in northern North America developed more extensively at about 810 ka than in earlier glacial periods,
and i the sedis and i of the Arctic Ocean much earlier than
previously thought. In order to establish a more comprehensive age model, more work is needed to validate our
findings with different sediment cores recovered from the western Arctic Ocean.
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Sedimentary stratigraphy and facies analysis along with sei igraphic and Yy
data are used to reconstruct the last glacial impact on the Arliss Plateau (AP) and attendant sedimen-
tation in the adjacent Chukchi Basin (CB) in the western Arctic Ocean off the East Siberian margin.
Sediment core ARAO2B/16B-GC from the AP lower slope captures glacier-related depositional history
during the last estimated ca. 100 ka (Marine Isotope Stage, MIS 1 to 5c¢) based on regional lithostrati-
graphic correlation. The sedimentary record shows distinguishable interglacial (i dial) and gladal
(stadial) patterns. The identified sedimentary facies reflect several modes of glaciogenic deposition by
drifting icebergs, suspension settling from turbid meltwater plumes and/or detached underflows, and
turbidity currents. Based on strong seismic reflectors related to lithological boundaries, a downslope
subbottom profile from AP to CB is divided into seismostratigraphic units (SSU) 1 and 2 corresponding in
the core record to MIS 1-3 and MIS 3-5¢, respectively. An acoustically transparent lens within SSU 2
correlates on the upper slope to debris lobes downslope from the AP top covered by megascale glacal
it i This geomorphic i y pattern indicates a glacial erosional impact on the AP and
proglacial deposition of eroded sediments on the slope and in the basin. Based on the developed sedi-
ment stratigraphy and facies analysis, the last debris lobe horizon was deposited in glacial/deglacial
environments during late MIS 4 to early MIS 3. The absence of similar glaciogenic debris lobes within SSU
1 indicates no direct glacial impact on the AP during the Last Glacial Maximum (LGM). These results
suggest that the last glacial erosion of the AP occurred during or immediately after MIS 4, possibly related
to major glaciation in northern Siberia at ~50-70 ka.
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