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SUMMARY

[. Title: RV Araon Expedition to join an International Drilling Program on the
Lomonosov Ridge of the Arctic Ocean and Study on Climate Changes of

Milankovitch Cycles recorded in Arctic Sediments during the Pleistocene
II. Purpose and Necessity of R&D

o Selection of drilling/coring locations and data collection for the IODP

o Using RV ARAON Jumbo piston coring (JPC) system, planning of the Arctic expedition
since 2021

o Reconstruction of Pleistocene Milankovich Cycles from the western Arctic Ocean
sediments

III. Contents and Extent of R&D

o Monitoring of the Arctic sea-ice minima from 1999 to 2020

o Collection of drilling/coring-related data (multi-beam/SBP) in the southern Lomonosov
Ridge

o Reconstructing Milankovich Cycles of sediment cores taken from the western Arctic
Ocean

IV. R&D Results

o Comparison of the Arctic sea-ice minima in 1999 and 2005-2020

Based on Parasound data, selection of drilling locations during the IODP

Based on Parasound data, selection of RV ARAON JPC locations during the IODP
Reconstructing Milankovitch Cycles based on constrained paleomagnetism-based age
model using western Arctic Ocean sediments

O

o

o

V. Application Plans of R&D Results

o Reconstruction of Arctic glacial history through participation in the Big Earth Science
Program

o Utilization of weather and sea-ice data collected during the expedition(or cruise) from
the East Siberian margin to Lomonosov Ridge

o Utilization of RV ARAON and/or the next emerging icebreaker to pioneer the NW
passage cruise route and the sea-ice covered and unexplored central Arctic Ocean
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IODP Arctic Ocean Proposals and Expeditions
= |ODP Expedition 377 (Proposal 708)

. ; Arctic Ocean i

Cenozoic Record from a Greenhouse to an lcehouse World

Geohazards -
Gas Hyd

les-sheet history;

'oponents:R. Stein’, W. Jakat‘ 3 Welgelt‘ H. Brlnkhulsz L. Clarke®,
Paciiic gateway: 7,

Coakley*, M. Forwick?,
iessen’, M. 0" Regan®, c Stickley, K. s: John“

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

Cenozoic palecceanography

[ Mesozolc paleoceanography {ACEX-2}

{,Biack shales®)
¥ 2

Involved institutions:
“Paleo" “GHs"

"Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany
ZInstitute of Environmental Blclogy Utrecht University, Utrecht, The Netherlands
Opening of Fram Strait / 38chool of d th itan University, UK

Neogene palesceanograph

“Geophysical Institute, Unrverslly of Alaska, Fairbanks, USA

i 5
Candidates for Grea ice-sheet history srsmuna of Geology, University of Tromso — ThsAIrc_:nc u:waszug‘ :;h:nsusidlﬁ;msa Norway
IORRISF: 7St Petersburg University and VNI Oceanologia, St. Petersburg, Russia
expeditions 7 8Departmentof Geology & Environmental Science, James Madison University, Virginia, USA

o R_ Stein: I0DP — ArcOP — Araon (KOPR, Incheon/Korea, 23 August 2019) apv/
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28 17, 20149 Zebs~El A 28/33 B=a) g | et al, 2016)
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(Stein, 2019)

L e
250 350 450,
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e kS 1 20. 20189 Eeh~® PS115/2 H8) ©Ab
= 1ol 2RxAZ FRe oM 53 A|F50]

% 19. 20189 EZ2}~E PS115/2 28] ©AL | § A2 (Stein 2019a)
ANH BER=AZ GRHAA AR uEA}
= FPsle] AA" AnAFAZHdT AR FE
Aol AREHAHZE F% (Stein 2019b)
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1. 832§ =2ZrRxaIT JRIHF ZAZZIHIAAEAZF AA  “Arctic  Ocean
Paleoceanogaphy: Towards a Continuous Cenozoic Record from a Greenhouse to an
Icehouse World (ArcOP)” 718t A|F& 93 A|FAHH XA

7}. Parasound (35 kHz) BHAMAIE 78 2 R4 &fE A FAA AA
o dA °F 950me} 50m ZHeole EHAF AFE At AlFF -] o HAy

- LR-06A =+ 06B A% < A3 06Bel %

1)
~ LR-06C AN °F 50m Zolel AlF7} 2%

Two-sites approach

AWI-20140315 Parasound

AW/

a9 21. AWI &AREE 719 A" AFAH3H | 29 220 AWI BARRE 719 A-E AIFA 4
(%1 R. Stein: IODP - ArcOP - Araon | (£*: R. Stein: IODP - ArcOP - Araon
(KOPRI, Incheon/Korea, 23 August 2019) (KOPRI, Incheon/Korea, 23 August 2019)

|LR-06B + LR-06C |
R-06/

LR-06C PSIIS/2.143 | | R-06A LR-068
- n
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(Z#: R. Stein: IODP - ArcOP - Araon | (*: R. Stein: IODP - ArcOP - Araon
(KOPRI, Incheon/Korea, 23 August 2019) (KOPRI, Incheon/Korea, 23 August 2019)
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(Park et al., 2020) (this study) .
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5011-1 ARA06C/04-JPC
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2. IOPD Expedition 377: Tracking Arctic climate change from a Greenhouse to an

Ice house

Expedition 377 Co-chief Scientists

Prof. Ruediger Stein

Ruediger (Rudy) Stein is senior scientist at the

MARUM - Center for Marine Environmental

Sciences and has a  professorship = 1 : b
"Paleoceanography of the Arctic Ocean” at the | ' A g:;igt;::? ﬁa;g::;N
University of Bremen. His scientific experiise § ; J
is sedimentology, organic geochemistry, and

paleoceanography. The major focus of his

research is related to the long- and short-term climate evolution

of the Arctic Ocean during Cenozoic times with special emphasis

on the history of Arctic sea-ice cover, Siberian river discharge and
circum-Arctic ice sheets. Stein has participated in 24 major research

cruises in the Arctic, Atlantic, and Pacific Oceans (including seven
DSDP/ODP/IODP expeditions). He was member of the IODP

Expedition 302 (ACEX) Science Party, the first scientific drilling in

the Arctic Ocean in 2004, and Co-chief Scientist of IODP Expedition

306 devoted to North Atlantic paleoceanography studies. In 2014

and 2018, he led the Polarstern Arctic expeditions PS87 and

PS115/2, respectively, and collected the basic site survey data for

selecting and optimizing the drill locations of IODP Expedition 377

(ArcOP).

Prof. Kristen St. John

Kristen St. John is a Professor of Geology at

James Madison University. Her research focuses |

on reconstructing Cenozoic glacial and sea-ice [

histories based on ice-rafted sands recovered |

from the Arctic, North Atlantic, and North Pacific |

Oceans. St. John has participated in several

research expeditions with the IODP program,

including serving as a sedimentologist for IODP Expedition 302, the
Arctic Coring Expedition (ACEX). Her expedition-related research
demonstrated that Northern Hemisphere ice-rafting began at least
30 million years earlier than previously understood, which supporis
the hypothesis of a more bipolar Greenhouse to lcehouse transition
in the Cenozoic. St. John is also a leader in undergraduate
geoscience education research and helped develop the IODP
‘School of Rock program for educators.

EC&RD

Science Operator

IODP Expedition 377

the unfverﬁtms of

Leicester (UK) and Montpellier (France).
During the expedition regular updates will be posted on the

webpage through blogs and via social media- i\k
www.ecord.org/expedition377 from a G ree n h ouse
International Ocean Discovery Program to an Icehouse *

The International Ocean Discovery Program (IODP) is an
international marine research programme supported by 23
countries, which explores Earth's history and structure recorded
in seafloor sediments and rocks, monitors sub-seafloor

environments and research the deep bhiosphere and microbial ;
life. Through multiple platforms - a feature unique to |IODP - i
scientists can sample and analyse the deep data across a wide *
range of disciplines and themes, including climate change,

processes and effects, the deep biosphere and solid earth PUBCAEAN CONECRTI POR

cycles and dynamics. OCBAN LECRARCH Dl LINE

Credits: front cover: ice on Arclic Ocean (credits: Patrick Keliey, U.S. Coast Guard), seismic profile
of Arctic sediments, Lomenassov ridge; with location of the drillsites of the ArcOP expedition, map !
(o 1BCAQ) with ArcOp warking area (ECORD/ICDP). Inside: map and logo (ECORD/CDP). www.ecord. org www.iodp.org 4

» w

Tracking Arctic climate change

This brochure Is producad by the by the ECORD Outreach Task Fores.
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Arctic J a key player in global climate
Ocean [ change and the Earth system

During the last few decades, the importance of the
remote Arctic Ocean in global climate and the Earth
system has become clear. Key records are now
needed to provide scientisis the next puzzle pieces 1o
reconstruct climate history.

Due to complex feedback processes (collectively
known as “Arctic amplification”), the Arctic is both a
contributor of climate change and a region that is most
affected by global warming. Although the Arctic Ocean
was and is a key player in the past, present and future
global climate/earth system, the marine geoscience
and paleoclimate research in the Arctic lags behind
other world oceans. In this context, especially long
and detailed records of the earlier Earth history
characterized by a much warmer global ("Greenhouse")
climate with elevated atmospheric CO, concentrations,
are of overall importance. However, with the successful
completion of the Arctic Coring Expedition - ACEX
(IODP Expedition 302) in 2004, a new era in Arctic
research began.

While the ACEX results were unprecedented, key
questions related to the Cenozoic Arctic
climate history remain unanswered, largely
due to a major mid-Cenozoic hiatus (or
condensed interval) and partly to the poor
recovery of the ACEX record. Following-
up ACEX and its cutting-edge science, the
ArcOP drilling campaign aims to recover
a continuous and complete stratigraphic
record of the Cenozoic climate history of the
central Arctic Ocean.

Operations

Expedition 377 is planned and conducted

by the European Consortium for Ocean

Research Drilling (ECORD) as part of the International
Ocean Discovery Program (IODP).

The offshore coring phase will involve coring at
two primary sites using a drillship, supported by
icebreaker(s). Scientists from around the world will
participate in the expedition Science Party.

Due to the facilities available offshore, only a minimum

number of measurements will be made on the vessel.

IODP Expedition 377

main themes

@ Complete and detailed characterization of the
Cenozoic climate transition from Greenhouse
to lcehouse in the Arctic and its relationship
to the Antarctic and global climate records.

® Special focus on warm climate extremes:

Paleocene-Eocene Thermal Maximum, Early
Eocene Climate Optimum, Middle Miocene Climate
Optimum, Early Pliocene Warm Period.

@ History of Arctic Bottom and Surface-Water
characteristics with special focus on the exchange
of water masses between the Arctic Ocean and the
Atlantic and Pacific oceans.

@ History of Eurasian ice sheets and Arctic sea ice
cover onset and variability.

® History of Siberian River Discharge and its
influence on sea-ice formation, water mass circulation
and climate change.

® Correlation of the marine ArcOP records
with terrestrial records from the ICDP
Siberian Lake El'gygytgyn drilling.

Soon after the offshore phase the team will meet for
an "Onshore Science Party" (held at the IODP Bremen
Core Repository and MARUM laboratories in Germany)
for opening, describing and sampling of the sediment
cores. After a period of one year (following completion
of the onshore phase), the cores may be used by

any scientific researcher who wishes to study them.

In addition, all "shipboard data" acquired during the

offshore and onshore phases will be available as legacy /

datasets for any researcher to use.
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Aifred Wegenar Institute, PO Box 12 01 61, 27515 Bremerhaven, Germany
To

Gilbert Camoin (EMA Director)
Dave Mclnroy (ESO Science Manager)
Gabi Uenzelmann-Neben (EFB Chair)

Subj.: Expedition 377 (ArcOP) & Korean Icebreaker ARAON
(Notes about my visit and discussions at KORPI, 23-27 August 2019)

Dear all,

from August 22-27 | visited the Korean Polar Research Institute (KOPRI) to
discuss the option getting the Korean lcebreaker ARAON involved into our
IODP Expedition 377 (ArcOP). Here, | would like to give you some information
about the outcome of this discussion, especially (1) to highlight the major
advantage for the science of ArcOP as well as the advantage for
ECORD/IODP and for KOPRI in general if the ARAON could become part of
the ArcOP drilling campaign/program, and (2) to comment on the chance that
this joint venture might become reality.

First of all, however, | would like to repeat the summary of my email/response
of July 22 about the status of IODP Expedition 377 (ArcOP) from our side:

We can reach all objectives outiined in the 708 proposal by drilling one deep site LR-
114 plus a "I-dav add" for drilling/coring the uppermost 40-50 m at a close-by
location (LR-104), i.e., during Expedition 377 and under reduced costs. That means,
Expedition 377 (ArcOP) remains a "stand-alone expedirion”, and we can reach all
our goals even without the ARAON. By this, Expedition 377 (ArcOP) can be carried
out as approved by EFB/SEP.

This option is still our "first-order option" for implementing IODP Expedition
377, as this option allows to start now with reviews by ESO & EFB, the
concrete planning of the implementation of the expedition including estimates
of the costs, etc., to be ready for sending recommendations to the ECORD
Council in time, i.e., before the final decision "yes or no" for ArcOP has to be
made.

My main discussion partner at KOPRI was first of all Dr. Seung-il Nam, the
KOPRI lead scientist for Arctic Ocean Paleoceanography, chief scientist of
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