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Scientific Ocean Drilling Beyond 2023
NEW SCIENCE PLAN STRUCTURE and ROADMAP DRAFT
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PREAMBLE ON PLANNING PROCESS

Six international planning workshops were organized in September 2018, and April-May
and August 2019 by IODP-India, J-DESC, ECORD, ANZIC, USSSP, and IODP-China.
More than 650 scientific ocean drilling scientists participated, including 32% female and
36% early- to mid-career scientists. The results from those workshops were presented and
discussed on July 23-24 during the first meeting of the Science Plan Working Group at
Columbia University. In this document, the 18 scientist delegates, representing all IODP
member countries and consortia, including IODP-Brazil and IODP-Korea (in absentia),
are providing a consensus proposal for a new science plan structure in support of future
Scientific Ocean Drilling Beyond 2023. This proposal, also including a roadmap toward
publication of the new science plan by June 2020, will be presented to the IODP Forum
during its September 2019 meeting in Osaka, Japan.

PROPOSED PLAN FOR SCIENTIFIC OCEAN DRILLING BEYOND 2023

The new science plan for scientific ocean drilling beyond 2023 is structured around Eight
Strategic Objectives that are based on current knowledge and priorities, and are crafted
to be open-ended in order to accommodate and encourage new discoveries and
innovations. These strategic objectives emphasize interconnected research questions by
focusing on understanding Earth’s Natural Hazards, Cycles and Rates, and Health and
Habitability, each of which cuts across, or has natural pathways, among the general
research topics related to Dynamic Earth, Climate and Environment, and Life.

The new plan has a long-term, greater than 25-year outlook, ending in 2050. This allows
the scientific community to apply exciting new foundational approaches that range our
research efforts far into the mid-21% century, via the implementation of Five Long-term
Flagship Initiatives that reflect community priorities expressed through the international
planning meetings. These flagship initiatives are based on interdisciplinary research that
may reach across several strategic objectives, span multiple expeditions over potentially
multi-decadal time periods, and include collaborations with external partner
organizations. These initiatives address the eight strategic objectives that form the core of
the science plan and are expected to evolve through bottom-up proposal submission and
periodic community review between now and 2050.

Progress toward the new science plan will be assessed with a five-year programmatic
review cycle. This allows for intermediate adjustments or additions to the strategic
objectives and flagship initiatives.

A. SCIENCE PLAN TITLE AND VISION STATEMENT

EXPLORING EARTH BY SCIENTIFIC OCEAN DRILLING

To explore Earth system processes and feedbacks through geological time
with scientific ocean drilling.
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B. WHO WE ARE AND WHAT
WE Do

¢ We are an international scientific
community pioneering large-scale,
interdisciplinary research in the
subseafloor of the world’s oceans.

e We explore Earth systems in places i
that can only be accessed and . Ui
understood through scientific
ocean drilling.

e \We probe past time to reveal the
interactions among the oceans,
Earth, life, climate, and society.

C. OVERALL STRUCTURE

Scientific ocean drilling through SU31>g preq 618
2050 centers around eight Strategic

Obijectives that aim to advance our understanding of Earth as an interconnected system.
In this structure five Flagship Initiatives provide longer-term endeavors to attain
fundamental progress in those strategic objective areas that require a sustained, multi-
faceted, and global effort. Successes in future scientific ocean drilling are strongly
intertwined with communicating our results to the public and policy makers, capacity
building within the international scientific community, training the next generation,
access to big data science, open access to samples and data, and new developments in
technology. This new structure will demand an even stronger interdisciplinarity in
scientific ocean drilling. It also shows how our science informs society, while addressing
foundational Earth system research questions.

D. STRATEGIC OBJECTIVES

A strategic objective emphasizes interconnected research linking science disciplines to
address societally critical paradigms. These strategic objectives will apply scientific
ocean drilling to make new discoveries and deepen our understanding of Earth’s Natural
Hazards, Cycles and Rates, and Health and Habitability, each of which can only be
addressed by researching the cross-cutting pathways among the broad research areas of
the Dynamic Earth, Climate and Environment, and Life.

The eight strategic objectives thus form the core of scientific ocean drilling through 2050.
Each objective is described below with example research topics that resonated across all
six international planning meetings. Each objective has been designed to be open-ended,
to encourage new discoveries and innovations, and allow new Earth system science to
emerge through the proposal writing and review process.

10
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111 e Define the conditions for life and Earth habitability

112 — How organisms live, interact, and die beneath the seafloor
113 — How microbes interact with lithology and fluids
114 — Rules of life and how these both govern and are affected by Earth processes

115 e Constrain the feedbacks among oceans, Earth, life, and climate

116 — Feedbacks among life, the rock cycle, crustal properties, and mantle dynamics

117 — Active tectonics and their impact on oceanic and atmospheric circulation and chemistry
118 — Solar, climate, and tectonic factors that govern ocean productivity

119 — How subseafloor life and Earth’s environment shape the cycling of energy and mass
120 e Examine the cryosphere and sea level under different climate states

121 — How mechanisms and rates of sea level change vary through time

122 — Feedbacks that lead to ice sheet growth and deglaciation

123 — Evolution of polar land and ocean systems under different climate states

124 — How the overall cryosphere, including sea ice, permafrost and marine gas hydrates,

125 responded to climate change in the past

126 e Use the past to inform our understanding of Earth’s projected future

127 — Ocean productivity and ecosystem dynamics in the greenhouse worlds

128 — The climatic, biological, and chemical characteristics of an ice-free planet

129 — Record and magnitude of human impacts in Earth systems

130 — Evolution of ocean health over geologic time in the lead up to the Anthropocene

131 e Identify the causes, scales, and consequences of climatic and environmental
132 perturbations

133 — Timescales and patterns of ecosystem recovery after major disturbances

134 Effects of catastrophic environmental perturbations that shaped the history of life
135 Formation of large igneous provinces and their environmental and biosphere impacts
136 — Evolution of rainfall and aridity patterns as a function of tectonics

137 — Climate teleconnections between the poles and tropics

138 — Consequences of reaching different tipping points in the climate system

139 e Investigate the life cycle of a lithospheric plate and its impact on the Earth system

140 — Causes and processes of plate boundary formation (including rift zones, ridge systems,
141 transform faults, subduction zones, passive margins) and implications for geohazards
142 — Impact of spreading rate, tectonic setting, and geologic aging on lithosphere architecture
143 — Hydrothermal and microbiological interactions among plates and the mantle, oceans, and
144 atmosphere, with impacts on geochemical cycles, resources, and life

145 — Controls on the biogeography of microbial communities within the oceanic crust

146 — Mechanisms of back-arc formation, ophiolite emplacement, and continental growth

11
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e Characterize the transfer of water, energy and matter in the Earth system

Processes that influence the occurrence and magnitude of volcanism

Impacts of geomagnetic reversals and secular variations on the Earth system
Evolution of subsurface fluids and influences on life, climate, and geochemical cycles
Deep carbon storage in the subseafloor and mantle

e Assess the conditions and processes that control the occurrence of natural hazards
that affect society

— Rates and amplitudes of natural disasters in the past

— Impacts of natural hazards on the climate and environment, including tsunami, hydrate
destabilization, and storm surges

— Feedbacks among sea level, climate, volcanism, and tectonics

— Physical processes controlling slip behavior at the subduction interface

— Improving hazard assessment guided by monitoring

E. FLAGSHIP INITIATIVES

The next scientific ocean drilling science plan will have a distant time horizon in the mid-
21% century to allow for the implementation of flagship initiatives requiring sustained,
long-term research efforts. These flagship initiatives are expected to comprise multi-
expedition foundational scientific ocean drilling endeavors that cross-cut multiple
strategic objectives and require interdisciplinary efforts over 10-20-year time periods.
These flagship initiatives may in particular help address societal challenges.

e Ground-truthing Future Climate Change

Climate change is one of the greatest challenges confronting modern society. State-of-the
art computer models allow future climate projection, but these models are imperfect and
require independent validation. Climate records from across the globe, capturing recent
and deep geological time, are essential to understand the feedbacks that operate in both
warmer and colder climate states than present. This information is needed to test, train,
and improve global climate models, the outputs of which guide international agreements
on tackling climate change. Scientific ocean drilling is uniquely positioned to provide
these critical ground-truthing data sets over the next decades. A sustained coordinated
approach aimed at collecting high-resolution, complete-recovery cores along transects
and grids will be required. North-south transects across the ocean basins, from the poles
to the tropics, and high-density grids in the polar regions, will provide a fundamental
contribution in positioning society for future climate change.

¢ Probing the Deep Earth

The quest to achieve a complete penetration of Earth’s oceanic crust has been a long-term
aspiration and compelling motivation for scientific ocean drilling, but has been
challenging and elusive due to technological limitations and long-range scheduling
constraints. Deep drilling is required to understand the formation and evolution of two-

12
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thirds of our planet’s surface, the fundamental nature of Earth’s deep interior and its
geodynamic behaviour, and the interrelationships between geological, biogeochemical
and climate cycles in the wider Earth system. The greater than 25-year outlook of the
new science plan will allow the scientific ocean drilling community to adopt a staged
approach to reaching the Earth's upper mantle, via a series of interconnected, ambitious
expeditions that will take full advantage of emerging 21% century drilling technologies.

e Diagnosing Ocean Health

Through scientific ocean drilling, we can explore past interactions between life and Earth’s
environment leading up to the Anthropocene. The health of our oceans is currently seeing
growing impacts of long-lasting human-made materials, gases, and industrial pollutants that
contribute to anthropogenic climate change, global ocean acidification, and the expansion of
oxygen minimum and dead zones. Still, very little is known about the impact of these
contaminants on our oceans and its ecosystem. Geologically-induced perturbations, such as
past global warming and cooling, increased global volcanism, oceanic anoxic events, meteorite
impacts, and mass extinction events, provide vital instances in the history of our planet when
the entire interconnected system of the oceans, Earth, and life underwent a significant
readjustment. A concerted effort in future scientific ocean drilling should provide access to
comprehensive marine records that contain the pre-Anthropocene baselines and analogs to
ocean acidification, deoxygenation, nutrient inputs, and rapid temperature change that could be
used to inform the impact of today’s ongoing environmental changes and perturbations.

e Exploring Life and Its Origin

Scientific ocean drilling has revealed that microbial organisms are present and metabolically-
active at kilometers depths in both sediment and ocean crust. Deep biosphere research on these
newly discovered lines of Archaea, Bacteria, Eukarya, and viruses remains in its infancy, and
most of the deep, hot biosphere is yet to be explored and understood. Scientific ocean drilling
through 2050 will allow us to capitalize on new and emerging techniques in this rapidly
developing field to explore the fundamentals of life, and its persistence, resilience, interactions
and diversity through time. A systematic study of life in the subseafloor throughout the world’s
ocean basins can provide a powerful approach to unraveling species origin, evolution and
extinction, to understanding life on the early Earth, and to characterizing and searching for
habitable environments in the universe.

e Assessing Earthquake Hazards to Society

The most catastrophic event in recent history was the magnitude 9.1 Sumatra 2004
Boxing Day earthquake and tsunami that killed more than 230,000 people. Natural
hazards, including such mega-scale earthquakes, are prominent targets for scientific
ocean drilling, because it remains the only tool capable of directly accessing the source
regions of these devastating sub-seafloor events. Revolutions in instrument development
are enabling us to detect and monitor such natural hazards in novel ways and ever-greater
detail. The time is ripe for ambitious, long-term drilling strategies to investigate seismic
slip in a range of global fault environments, and through complete earthquake cycles, in
order to aid future earthquake and tsunami risk assessments and projections.

13
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F. RELATION TO ALLIED PROGRAMS

The strategic objectives and flagship initiatives that underpin scientific ocean drilling
through 2050 aim to study Earth as an integrated and interconnected system of processes
and feedbacks. The science priorities laid out in this new science plan strongly align and
complement research initiatives in allied research programs, such as the International
Continental Scientific Drilling Program (ICDP) and the National Aeronautics and Space
Administration (NASA) and other space agencies around the world (ESA, JAXA, CNSA,
ISRO, ASA). The strong alignment is evident in the five science themes of the ICDP
science plan that includes Active Faults and Earthquakes, Heat and Mass Transfer,
Global Cycles and Environmental Change, the Hidden Biosphere, and Cataclysmic
Events, and, for example, is expressed under NASA’s Strategic Objective 1.1 Under-
stand the Sun, Earth, Solar System, and Universe that includes the goal of Searching
for Life Elsewhere. Within the new era of scientific ocean drilling we will capitalize on
new opportunities afforded by parallel coordinated research efforts within ICDP and the
various national space agencies. This will allow for critical new science growth in those
overlapping research areas.

G. BIG DATA SCIENCE

Progress toward addressing the eight strategic objectives and the five flagship initiatives
increasingly and critically depends on the integration of data sciences using so-called Big
Data in scientific ocean drilling. For example, ground-truthing future climate change
based on IPCC climate projections will require data aggregation from hundreds of
globally-distributed sites acquired over many scientific ocean drilling expeditions. These
analyses are unique, as only scientific ocean drilling is able to acquire data covering
large-scale geographic areas with information going back deep into geological time,
providing comprehensive baseline data from time intervals under various global climate
states. In a similar fashion, exploring life and its origin on Earth would require the
building of a subseafloor microbial databank to allow for methodical progress in this
flagship initiative. By focusing on FAIR (Findable, Accessible, Interoperable, Reusable)
data practices, scientific ocean drilling will allow scientists to focus on the linkages
among data types that are critical for meeting our future strategic objectives.

H. TECHNOLOGY, MONITORING AND OBSERVATORIES

Future developments in technology, monitoring, and observatory science will underpin
our ability to achieve the core strategic objectives and implementing the flagship
initiatives. For example, downhole instrumentation enables studies and monitoring of the
earthquake cycle in locations only accessible through ocean drilling. In addition, deep
biosphere exploration, and the discovery of life and its diversity, is only made possible by
ongoing technological developments. Over the next decades, progress in scientific ocean
drilling will continue to be uniquely driven by new technology developments.

14
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. SOCIETAL RELEVANCE AND OUTREACH

Societal relevance is integral to all scientific ocean drilling. This is strongly apparent in
the five flagship initiatives that are built upon the eight strategic objectives in the new
science plan. Natural hazards, and the health and habitability of Earth and its oceans, are
cross-cutting themes central to the well-being of global society. For example, ground-
truthing future climate change will provide critical information to all coastal communities
threatened by a projected average sea level rise of one or more meters over the next few
decades. Studies in aridity, rain, and storm patterns; the hazards resulting from tsunamis,
landslides, and earthquakes; and the origin and sustainability of life on our planet, all
contribute to prediction and risk assessment of future impacts on society, as well as a
more profound basic understanding of the Earth system.

It will be critical to convey the wealth of information gained through scientific ocean
drilling to the public across the globe. Outreach and public engagement through
consistent media presence, reaching and engaging a broader audience, will need to
capitalize on the extraordinary scientific ocean drilling expeditions and initiatives. The
scientific ocean drilling community must remain deeply dedicated to increasing public
awareness and understanding of the Earth we all inhabit.

PROPOSED ROADMAP UNTIL JUNE 2020

The new science plan in support of scientific ocean drilling through 2050 is proposed to
be published by June 2020 based on agreement amongst the 18 international delegates of
this Science Planning Working Group. This early publication date will allow I0DP
partners to start planning for future platform replacements.

A. PRODUCTS

e Full Version of International Science Plan: ~60-70-page document, including an executive
summary, written for the overall scientific ocean drilling community.

e Summary of International Science Plan: ~12-page document, written in layman’s language
for society at large.

e Pamphlet of International Science Plan: 2-page document, written in language appropriate
for funding agencies.

e National Science Plan Versions, Executive Summaries and Pamphlets: depending on
needs, individual Program Member Offices (PMOs) may opt to produce translated versions
of the international science plan, executive summary, and pamphlet, and create derived
variations tailored to demands in their countries and consortia.

15
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B. TIMELINE AND DEADLINES

DEADLINE ACTION DETAILS

(MESTETo a0k |ODP Forum ¢ Forum endorses new science plan structure and roadmap
discusses new ¢ Forum selects science plan writing team lead editor(s),
science plan number of writers, writer profiles, charge
proposal e Forum endorses print/online versions to be produced

(ISl a0kl Invitations go out e Science plan writers accept by 26 Sept 2019
to writing team

<RSP0kl First Zoom meeting e Laying out charge to science plan writing team
with science plan e Assignments for writing chapters
writing team
First internal draft due for review by science plan working group

1 Dec 2019 Second internal draft due for review by science plan working group
Pre-AGU meeting for science plan working group and writing team

MERLEII0iEl AGU Townhall e Presentation of new science plan structure and roadmap
e Introduction science plan working group and writing team
o Q&A session on scientific ocean drilling beyond 2023

15 Jan 2020 Final internal draft due

“ASEN Iz Posting public draft e Community gets 3 weeks for commenting

version 1 online at e Science plan writing team gets 3 weeks for updating the

IODP.org science plan documents

AS\ETgelr0s s Posting public draft e Community gets 2 weeks for commenting

version 2 onlineat e A group of external reviewers gets 2 weeks for reviewing

IODP.org e Science plan writing team gets 3 weeks for updating the
science plan documents

(Ao 240000 Final version presented to science plan working group and Forum for endorsement

SOVAe] g202A088 Final version to be sent to printer
June 2020 Publication of new science plan

C. SCIENCE PLAN WRITING TEAM

e 11 Writers: we will invite in total eight writers, who will together work in teams of two on
two related strategic objectives, and on one or more flagship initiatives; we will invite three
additional writers who will focus on the remaining chapters; each writer will get assigned a
primary chapter and will act as a secondary author on one or more other chapters.

e 2 Lead Editors: the science plan writing team will be led and coordinated by a lead editor
and a deputy lead editor.

Charge: the science plan writing team will fill in the science plan structure, but leave the
intent of the strategic objectives and flagship initiatives intact. They will write toward a
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307  broad audience resulting in mostly jargon-free chapters that will elevate the excitement in
308  our new approaches. They also will emphasize where we have excelled in the past by
309 addressing key science successes and the advances that can be made by new science

310  priorities. They will work together with professional science writers and illustrators.

311 D. SCIENCE PLAN WORKING GROUP
312 e 18 Delegates: these delegates represent all IODP member countries and consortia.

313  Charge: the science plan working group has four tasks: providing guidance to the writers
314  as guardians of the science plan vision; reviewing the science plan (drafts); endorsing in
315  conjunction with the IODP Forum the final science plan draft; and acting as liaisons with
316  the IODP science community in their PMO countries and consortia.

317  Note: there will be some overlap in the working and writing groups. The chair of the

318  waorking group also functions as the lead editor of the writing group; the deputy lead

319 editor also is a delegate of the working group; and some of the other delegates may be
320 invited as science plan writers. This provides efficiencies in communication between both
321  groups, required because of the contracted time line ending in June 2020.

322 E. REVIEW AND COMMENTING

323 e Community Review: as shown in the timeline table, the overall scientific ocean drilling

324 community will have two opportunities for commenting in January and March 2020; earlier
325 drafts will be reviewed by the science plan working group delegates.

326 e External Review: in addition, draft version 2 of the new science plan will be sent to a group
327 of external reviewers, including researchers outside the IODP community.
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M? EHEEm?

S4H0 184 ABETIXANEM, METREHII FRISEM: SEEm L
MOIBLERY. AFEEURIUE. (HETiE. R TRR. IRBEMBIRE. K
SIEELHEE,
TSENMNERRARGIRN? ESHERS(E? 2%, SRR,

BLH0 184 ABETIXANTHE, Heh 174 ABESEEFEREARRER

22



PROMOTING INTERNATIONAL SCIENTIFIC OCEAN DRILLING WORKSHOP

i, SESEEIGEETERAFERRNE, 7 NREEIN

4, (RFBEPETE 2023 F54Y IODP i+ RILIFEEHAER?
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"SESIMERE" HRIARRELSE
MBI, HIPE 2
EFASSHEEREAE
PEBASHBRER B8

—, &5 fF 10DP "SRSHFHEE" #HiE

"B AREEITL” (International Ocean Discovery Plan, IODP, 2013-
2023) ¥ "SMrSEFEM: TR, ARk 54858 1 KREE/™, 2014-
2019 &, IODP Hi77 13 4 "SIESIMNEEE" fIR (B1, & 1), BRES
IRIFEEE, =X, KFRR. MEEESSIEEN. EthikENEESR. B85

BEIERIRITEA TR TR,

Arabian Sea | Indian
monsoon | monsoon

. [ @3s5) (358) B

&t AAfrican
-~ climates §
L (361)

L Iceberg Alley and
Subantarctic ice and =5

I0ODP JOIDES Resolution expeditions 5 Ross Sea

. West Antarctic ice
® Completed in 2014-2018

T T T T T T T T T T T T
60°E 90" 120° 150° 180" 150 120° 90" 60" 30w 0 30°

1. IODP "SIRENTER" fVRDHE (2014-2019 5),
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|ODP-353 fR3k18 7 HENE MY ERE LENEZENETIRSIRICR
(Clemens etal., 2015)., |IODP-354 fRES T BiaFtH AR EINH BHYTR
ISR, a2t Bt pEsu AR Ry FIFE4REIE45M (France-Lanord
et al,, 2015), |ODP-355 fRFEENEETFREEAY 2 MEAZREN 749 10 Ma LIk
AOFR A ERLAR 2 Ma LASREZESEFICR (Pandey et al, 2015), X 3 MR
REEEIHRIRSIREASTIRGENE, XOME S ISIRZAXI LK RITHIX
LRI, FREEMZERERIAINIZERES KR, F ORISR
HIRIMAEURREE , MR RN, S St /R LUBKAIR A B9mn I BX
|ODP-359 R TES/RK GRS 7 iiif tH LRI ER Eh St REER AR
iBR, AUEERGEIIEEESFERN, URZERIRAIEDE SRR
EitbaYE (Betzler et al.,, 2016),
|ODP-356 fRTERAFLFEERFIFEI LR MR, AILANEEFHFHLIK
M= X AR AR AT EANZRMEESFNFICR (Gallagher et al,
2017), IODP-363 RXR3k18 7 iBAR LI bEEINEHRETtH LK, FAmivE AT
FINGRRERHLK, LARFAE Bt bRt/ R At LUSRASESLE
FEIMFUER (Rosenthal et al, 2017), XEuL{AYTANEER SRR S (&= 60-
75 cm/ka; BFRIET/LRILESN U1484 §1 U1485 4h(7) , AJLAREIHNERIEE
RENSDHERR, RRECAEERESEREN RS, AbiEaT (ITCZ).

KIB/RIBE—FE/555) (ENSO) SIRAIXR. I0DP-356 F 363 fuRiAATIRE
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EFHLREDE R i p T AR R EN R FRIA B

(Gallagher et al.,, 2017; Rosenthal et al., 2017),

X

At

0t
Gt

<

F 1. 2014-2019 £ IODP EHTH "SIESIMNEEZ" AR
BAR B R RS  #HiTEH ¥&a FFEESR
Nov 29, 2014 -
Indian Monsoon Rainfall 353 JRSO ZMX,
Jan 29, 2015
Jan 29 - Mar 31,
Bengal Fan 354 JRSO
2015
Arabian Sea Monsoon Mar 31 - May
355 JRSO
(CPP) 31, 2015
Maldives Monsoon and Sept 30 - Nov
359 JRSO
Sea Level 30, 2015
: July 31 - Sept
Indonesian Throughflow 356 JRSO p 37 ¥
30, 2015
Dynamics of Pacific
May 20 - July 20,
Antarctic Circumpolar 383 JRSO
2019
Current
Southern African
Jan 30 - Mar 31,
Climates and Agulhas 361 JRSO
2016
Current Density Profile
Western Pacific Warm Oct 6 - Dec 8,
363 JRSO EAREt
Pool 2016
Australia Cretaceous Sep 26 - Nov
369 JRSO BiE5SE
Climate and Tectonics 26, 2017
Tasman Frontier
July 27 - Sept
Subduction Initiation and 371 JRSO
26, 2017

Paleogene Climate
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http://iodp.tamu.edu/scienceops/expeditions/arabian_sea.html
http://iodp.tamu.edu/scienceops/expeditions/maldives_monsoon.html
http://iodp.tamu.edu/scienceops/expeditions/indonesian_throughflow.html
http://iodp.tamu.edu/scienceops/expeditions/dynamics_of_pacific_ACC.html
http://iodp.tamu.edu/scienceops/expeditions/southern_african_climates.html
http://iodp.tamu.edu/scienceops/expeditions/pacific_warm_pool.html
http://iodp.tamu.edu/scienceops/expeditions/australia_climate_tectonics.html
http://iodp.tamu.edu/scienceops/expeditions/tasman_frontier_subduction_climate.html
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Ross Sea West Antarctic Jan 4 - Mar 8, kS E
; 374 JRSO
Ice Sheet History 2018 o

Amundsen Sea West
Jan 18 - Mar 20,

Antarctic Ice Sheet 379 JRSO
; 2019
History
Iceberg Alley and
Mar 20 - May
Subantarctic Ice and 382 JRSO
20, 2019

Ocean Dynamics

|IODP-361 fRTER R TeBIRAILERA AsREE SMa LISk Aguhlas ZFik
AR, (FARFIREIRAIFRERNARIR, Agulhas =B ATEFRER
i (AMOC) HBE, FMEIKS(R. I0DP-369 X AfRFIEERINEI N EZE
CRORESMRTERFTERBKESIRR M TRERTIS (Huber et al ,2018),
|IODP-371 BuRfEFAR AT B S BthRRITMIE S i CSIRZEMAIXR
&, MWEIFERRIIKEIDFERL (Sutherland et al.,2018),

|ODP-374 fluRinEINAFEREIARDES R, BT XIKEIAYF R EER
KA EKE DS, SEEERKEINEER, 1ZIX SR RIS
CRISIRITEF R SEathkZEZRIRER (McKay et al, 2018). PUSFREHY
|ODP-379 AR TERERAISFRBHR , 12X —E#IA 2Rk =R
HERD. &K, IBEINAERARKEE P ENSRER, SEEEt S AEk
IKEEIRERRME, ZAVR T BRI IARKAERGSE, AT HSEREEK LR
5kesHRRR. HiRlSiEhY 1I0DP-382 AxigiThit iR SEATEAR R |
RIRMESIFR. BKUURASINRAIRR., THMEEFE EFRIESREE. R
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PKWIAMAIFZ RG] ; SELfE R re Sk EFia%ArY I0DP-383 AR NIEE AR

WIFMAYERSE,

—. 2023 fF[EiR5xREE

|IODP-China SRIAIEA TEE X, B SKEZ W EERERRYEFEZR(.
ZX. KFNRDAREBARIIRZRR TR, MEE NEXT 2 BF
J-DESC 2., ERiM PROCEED il #iE5r OCEAN PLANET S IJIERIZEERK
&, "SIRENRER" 37ARZ I0DP REZERIRIF L, |IODP RIZFITHITIFA
EEHRY 2023 FRBREAEEBERZNMNEFERIIATA "Flagship
Initiatives” SRR PNER, HRELUREZRIWE., HABESR TR
SURZMUIRSS, (BAREAERZFHRERRLEAST, EBERAFAAATTFELK
B. MM (1) ESIRE. (2) B5dE. (3) SRGSEEFR=ALEREL
BRI RRE.

1.1

EFRAERRRITRI, M ODP % IODP %) IODP, ERIERINHIET—
ARAMAKESHRNEIE. F—, FERRA “"Milutin Milankovitch” SIZ2#Y
R=RMESIER", BHUBRIREIERN, EXFNRITYINERRR, B
HIRRIFR RIS —, BRI T SIRZCKERTeRFIHE, TR—EE
Fid—— "Jt45 65 EEZFAMHEIEREEIMEREHI R SIRZCATIKER
IEmE", REEFAMEFEBE, LEEETEERMIKERAZ MK
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(Milankovitch, 1930), &=, HiEFFRIGIRAZ—. EHRIZEESHEHLIEK
% Lamont Doherty s£36=HY Wallace Broecker BURESH "XKiFEET"
1€ (Broecker, 1991) 5§ "K=RI4FHEL" NH—H, FIFEREILAEESS
T BRI L RPEE R B RN S B A FIRRAT R S
R=RUESIEIS" RFIKNIESEII L S S KRESTHIBE R,
MSFRETERERE (55F) LNSIRTWEHBESIRFAING. BV
ERAIMAS | AR SIRE ZIe S 5e 2RI IR TT 2. EEafm/ OZ=3SKIHEE
SIRBARE 1%0, EESZECFEFH 10 FFEM 40 FHRORBLRAEH
ERSIERZMNESER (Tian et al, 2008).
FERZFIMAERAERRTRIER 21 &, ERPNARHRIESSE
SIEEHRIE|E, SEREX. WARIFRIREEFERIERE 40 HEKRO
REHINAI, SOEREAEIR 184 FURARERAEFLRE13CIERF L
I (Wang et al,, 2003), [ERIEFAREEKMESM (Wang et al., 2010), HF
HATE 1.6Ma ZRIZIRER 40 BEE, {8 1.6Ma Z[FHEKEIL 50 FE, XER
BB EFERER. BiFAZE MR R EBMNMEEETAFESERLT
R "FHEEMER" RIS (Jiaoetal, 2010, 2011), RHTHIEA 40
BERRORELY “BEEITIRRIR" (Wang etal., 2014), ZERiR(E 2)A
A, EFEREER 40 HEKROEEFTERERGERENZL, KHTRE
fih R T EEFE¥ (ki subtropical gyre) FRg4ER= 4, #hm3E7K - POC/DOC
EEHTIRRIEKO3C (B, RIIEIA 40 HEKROREENER, KRB ET
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BERS —SNBREHTIEE 2SR,

i o R AR KA

AR
PR S3R T

RDOCH =4 /s
CO2Tt i, HEKBCA

2. ERRETZHN "BEETRER" ~=RE. POC, TRk,
DIC, &fELHik; LDOC, [FEEAEEYIN,; RDOC, [BHEafEallK. 18
Wang et al. (2014) .

PEREREAI, BRIREMEARESEE BT KEMIREIMETERER
Fhi THOECRIER, FEISRED, RSENESAE TIFEEENFA, BE
Bal, (RERIERBTERM. RSN ERRKRISEIRSHIZR, XM
IKMEERARZR £ "SiRFFE" (FREEiLR, 1TCZ) Rt ilEagEiism L
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RTINS R, BARRIALEKZEN, (Global Monsoon) FIE/RfEE
-Fa/a%s) (ENSO) HIZME, IXSEMBII FEREHEIR X KILIER, 4-T
HERXFRIPEREFIREA , BRI E RN F AR
. HUBEEA L, (EERK BB EEREIRSEIIN S SR AT,

ERSIEFR, 2BRENMXRATEEXRRE D ERIAIISER B RE
EFEEH PR, RENNFERNSENERETE (Livetal, 2019) &ET
SHRFENERTIAIR, MERRIR (Meng et al., 2018) IAJTRTENAHIIETR
RIREFHEIKIIRT XGRS E R, R LN ERAURRIARE
B — UL R H LSRR NECARS SRS, FRIRRIRRATEN,
ZIANEEXRR,

FERSFIEH, BN RO EREELKRE FRIFNAIEFRRED
HHRF, FlBERESKNSSIBNESERREBRER, "TB/RL”
HEYBY S SERFITIRERERE RN RS BEERES]. ENEREREL,
(RIS S BB /RBNLREN B EIREMEFE, (KK BIRIR SRR
CEEFREKEER, S RSB SERNH FKNERR, RER
PREE/RINEE £, V)P ER ARG RIS RAVESE, RBERIRH
sSEa A EHIERE _ HRE K ERIER R ERS RN L.

2.55%idiE

BEAEENAREEX TR SRS IEEN USSR

FEml, RHALK IODP ARRIFILTSME, 5 KERHESEG" —5, Levy
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et al (2019) BIHARERILGABEFRICRIASRBMURICRAITIIL, &N
FEREHR B IER ERERKSEINER, DITAILSKEDS TR, X
FER(CRIBURMEIEIN. A AT BERS RIZRIRFIRYEE R R 1 IR tiiAt L
EEERE, BN (E)) BHERAMLZREFMEE (B 3).
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Wallace Broecker #IZ(ESR "AFEEET" g (Broecker, 1991) &3

SHUEENS—ERERE, FINREN. RREUESSIRZMRXRSHSE
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FEICEE, AtEIUEIURM 7T RREASSRIRE TRIRT REZ/L. 24T
AT SHIER MRZ AT SRERISR, WERICRIRSIHEREEIESRETRIER,

HAVRBESI LRGBS SIERIRH—SR%R, 8
EEPARRRMN., EELARIBALATEFEN R (40 I0DP 342, Norris et al.,
2014), BrgeEE R AMOC #1 ACCTHEASE, LURIBFEREHASIKSIE
TN BERBRIRR. ETACATGFRIAR, EERKEERZAET (~348
BEFR) AAKRPEEREREFIRAMEITE, BRI aIRgRik =R pkiRal 7 I
=X ERT AMOC 2Bk (Liu et al, 2018) SHEIVENEER—EL (Goldner,

2014), ATEHEI AMOC NEEFWK, FEH L REAIEAFRIER.

3. BIRGHEER

SRSGEEERT REIKSAEEERNE R, RIESISURIERIAFPIT
NEE, FNERE L, REKEARNAVFHSEES (Chen et al, 2016),
iR RS E T E RN FIEREE R OB, AERERELFrERd
IRZASSRKRESIERUHARN—ER. RERGKENBIREAME 40
BERROREH ESSIREWHEERER (Wang etal, 2014), BeEANEEA
MBS T P ESFREAR LRI, RGRERERNEN, ENERE
MIEIERE L, JREASRGEEFRREM T —EXRIEFER. EBHRIAA
AR ENEABILERENEN SRS SMEETIMEX (Livetal, 2019),

B—HH, SRGEEERIERFEAERMN, EBYEIH ETEREE
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MR ERINS:, FATETREXT subtropical gyre B/EFER =B THR. —
H, subtropical gyre (REFEXAIEMIFRR EXBRIEHISRENEAZITE
#, 3—73ME, subtropical gyre XAV R ENSSIRRIMMR BN, X
HIFRRESRS KIS IEEERMIIREXIR. 2023 Z/5HY IODP REXEM
SELL KX ATAER.

hERMFERIARERRIE T IODP-China AUl m—— "HRESIETHIET
FHIOHE" Npk/9 IODP F—HERAIRIZ M —, (RE7KEMRRTERIFIER
HEREMIRR, (REERENELTNRESFEHIKER, KFARBUES
(REHEEMZAFTREAER, SIkEEHUEERKIEFERM R ESHRBIR
HXZR, EFMARMEERERX subtropical gyre FI/ER. EIEIXLRIFEIR, &
E |ODP fBE—RFIER[FIER LAY transect, FAEIFAISARTREG LR
REREIE, MAATRRE. BETENSMESIERENESR (Proxy), 18

RARE AR F L.

SE R

Betzler, C.G., Eberli, G.P., Alvarez-Zarikian, C.A., and the Expedition 359
Scientists, 2016. Expedition 359 Preliminary Report: Maldives
Monsoon and Sea Level. International Ocean Discovery Program
2016. doi:10.14379/iodp.pr.14359.12016.

Broecker W S, 1991. The great ocean conveyor. Oceanography, 4(2):79-
89.

Cheng, H., Edwards, R.L,, Sinha, A., Spétl, C., Vi, L., Chen, S., Kelly, M.,
Kathayat, G., Wang, X., Li, X, Kong, X., Wang, Y., Ning, Y., Zhang, H.,
2016. The Asian monsoon over the past 640,000 years and ice age

34



PROMOTING INTERNATIONAL SCIENTIFIC OCEAN DRILLING WORKSHOP

terminations. Nature 534, 640-646.

Clemens, S. C., Kuhnt, W,, LeVay, L. J., and the Expedition 353 Scientists,
2015. Expedition 353 Preliminary Report: Indian Monsoon Rainfall.
International Ocean Discovery Program 2015,
doi:10.14379/iodp.pr.14353.12015.

France-Lanord, C., Spiess, V., Klaus, A., and the Expedition 354 Scientists,
2015. Expedition 354 Preliminary Report: Bengal Fan-Neogene and
late Paleogene record of Himalayan orogeny and climate: a transect
across the Middle Bengal Fan. International Ocean Discovery
Program 2015. doi:10.14379/iodp.pr.14354.12015.

Gallagher, S. J., Fulthorpe, C. S., Bogus, K., and the Expedition 356
Scientists, 2017. Expedition 356 Preliminary Report: Indonesian
Throughflow-A 5 million year history of the Indonesian Throughflow,
Australian monsoon, and subsidence on the northwest shelf of
Australia. International Ocean Discovery Program 2017:
doi:10.14379/iodp.pr.14356.12017.

Gohl, K., Wellner, J.S., Klaus, A., and the Expedition 379 Scientists, 2019.
Expedition 379 Preliminary Report: Amundsen Sea West Antarctic Ice
Sheet History. International Ocean Discovery Program.
https://doi.org/10.14379/iodp.pr.379.2019

Goldner, A., Herold, N. & Huber, M., 2014. Antarctic glaciation caused
ocean circulation changes at the Eocene-Oligocene transition.
Nature 511, 574-577.

Hall, .LR.,, Hemming, S.R., LeVay, L.J., and the Expedition 361 Scientists,
2016. Expedition 361 Preliminary Report: South African Climates
(Agulhas LGM Density Profile). International Ocean Discovery
Program. http://dx.doi.org/10.14379/iodp.pr.361.2016

Huang, E., Wang, P., Wang, Y., Tian, J.,, Ma, W., Li, S., in preparation. Dole
Effect as a measurement of the low-latitude hydrological cycle over
the past 800,000 years.

Huber, B.T., Hobbs, RW., Bogus, K.A., and the Expedition 369 Scientists,
2018. Expedition 369 Preliminary Report: Australia Cretaceous
Climate and Tectonics. International Ocean Discovery Program.
https://doi.org/10.14379/iodp.pr.369.2018

Jiao N, Azam F. Microbial carbon pump and its significance for carbon

35


https://doi.org/10.14379/iodp.pr.379.2019
http://dx.doi.org/10.14379/iodp.pr.361.2016
https://doi.org/10.14379/iodp.pr.369.2018

HF2023FERFHRFATGS | L

sequestration in the ocean. In: Jiao N, Azam F, Sanders S (Eds),
Microbial carbon pump in the ocean, 2011, Science/AAAS,
Washington DC, pp 43-45.

Jiao N, Herndl GJ, Hansell DA, et al, 2010. Microbial production of
recalcitrant dissolved organic matter: Long-term carbon storage in
the global ocean. Nat Rev Microbiol, 8: 593-599.

Levy, R.H., Meyers, S.R,, Naish, T.R.,, Golledge, N.R., McKay, RM.,
Crampton, J.S., DeConto, R.M., De Santis, L., Florindo, F., Gasson,
E.G.W., Hardwood, D.M., Luyendyk, B.P., Powell, R.D., Clowes, C. and
Kulhanek, D.K. (2019) Antarctic ice-sheet sensitivity to obliquity
forcing enhanced through ocean connections. Nat. Geosci., 12, 132-
137.

Liu, J., Tian, J., Liu, Z.,, Herbert, T. D., Fedorov, A. V. & Lyle, M., 2019.
Eastern Equatorial Pacific cold tongue evolution since the late
Miocene linked to extratropical climate. Science Advances, 5,
eaau6060, DOI: 10.1126/sciadv.aau6060.

Liu, Z,, He, Y., Jiang, Y., Wang, H., Liu, W., Bohaty, S. M. & Wilson, P. A,
2018. Transient temperature asymmetry between hemispheres in the
Palaeogene Atlantic Ocean. Nature Geoscience, 11, 656-660.

McKay, R.M., De Santis, L., Kulhanek, D.K., and the Expedition 374
Scientists, 2018. Expedition 374 Preliminary Report: Ross Sea West
Antarctic Ice Sheet History. International Ocean Discovery Program,
374. https://doi.org/10.14379/iodp.pr.374.2018

Meng, X. et al., 2018. Mineralogical evidence of reduced East Asian
summer monsoon rainfall on the Chinese loess plateau during the
early Pleistocene interglacials. Earth Planet. Sci. Lett. 486, 61-69.

Milankovitch, M., 1930. Mathematische Klimalehre und astronomische.
Theorie der Klimaschwankungen Handbuch der Klimatologie, Bd. I.:
Berlin, Verlag. Borntrager.

Norris, R. D., Wilson, P. A,, Blum, P. & the Expedition 342 Scientists,
2014. In Proc. Integrated Ocean Drilling Program Vol. 342,
doi:10.2204/iodp.proc.342.105.2014 (Integrated Ocean Drilling
Program, 2014).

Pandey, D.K, Clift, P.D., Kulhanek, D.K., and the Expedition 355
Scientists, 2015. Expedition 355 Preliminary Report: Arabian Sea

36


https://doi.org/10.14379/iodp.pr.374.2018

PROMOTING INTERNATIONAL SCIENTIFIC OCEAN DRILLING WORKSHOP

Monsoon-Deep sea drilling in the Arabian Sea: constraining tectonic-
monsoon interactions in South Asia. International Ocean Discovery
Program 2015. doi: 10.14379/iodp.pr.355.2015.

Rosenthal, Y., Holbourn, A.E., Kulhanek, D.K., and the Expedition 363
Scientists, 2017. Expedition 363 Preliminary Report: Western Pacific
Warm Pool-Neogene and Quaternary records of Western Pacific
Warm Pool paleoceanography. International Ocean Discovery
Program 2017. doi:10.14379/iodp.pr.14363.12017.

Sutherland, R, Dickens, G.R., Blum, P., and the Expedition 371 Scientists,
2018. Expedition 371 Preliminary Report: Tasman Frontier
Subduction Initiation and Paleogene Climate. International Ocean
Discovery Program. https://doi.org/10.14379/iodp.pr.371.2018

Tian, J., Zhao, Q.H., Wang, P.X., Li, QY., Cheng, X.R., 2008.
Astronomically modulated Neogene sediment records from the
South China Sea. Paleoceanography 23, PA3210.

Wang, P.X,, Li, QY. Tian, J,, Jian, ZM.,, Liu, C.L, Li, L, Ma, W.T., 2014.
Long-term cycles in the carbon reservoir of the Quaternary ocean: a
perspective from the South China Sea. National Science Review 1,
119-143.

Wang, P.X,, Tian, J., Cheng, X.R,, Liu, C.L.,, Xu, J., 2003. Carbon reservoir
changes preceded major ice-sheet expansion at the mid-Brunhes
event. Geology 31, 239-242.

Wang, P.X,, Tian, J., Lourens, L.J., 2010. Obscuring of long eccentricity
cyclicity in Pleistocene oceanic carbon isotope records. Earth and

Planetary Science Letters 290, 319-330.

37


https://doi.org/10.14379/iodp.pr.371.2018

HF2023FERFHRFATGS | L

“fESHBRENNE" HEMAREELSE
TEF", FM2°2
| BAEIRENEZIEFHRET fu 310012
2 RERERESEFHRTET M

583k, EfRAFEAIITK (IODP) £ "MiESHkaINZ" B
T—RIEXRHRE, RETIRREPRGEETE, RISt ERIR
W, FEAFEFLSE "REE KRURE, DRERT KFPERFRINE
18, SPHEEREIDZRY— LR BRRIRRIA T TSR BN, AR ENFE S
PRIRMNSFRIIEIS, RETFRFLRN BB ERIREISIEIC IR E R,
NG SEN R EERER, KA FSaBRREREN, ERATF
AR —ERIEXE, RRMPHREEIE, IIRERERES, R
BRSNEENGERIPNESDE, MISZSRGIEE(FR. BIfEEXE
Ean SHERRUEAR, NEEMTHXMRIRIENE. EHIFR LRSI
1. i& 5 FISESIR HF MNETHE

(1) (EFhFEREPIRS KR/ BIRREAR

2016 5 |ODP 7275 V&R X ERS 2004 FEQREF 9.2 FRMEMIE
BRESHILEIE TER, RREEREH SRR XA RIIEZAIRN. 7
[ JEREA CERF PR NP HAIRERERNA 4-5 km, $hESREAINE. ER
PRACTEBAHERR, ZEEMRESEABEBRIEERND, AKX

38



PROMOTING INTERNATIONAL SCIENTIFIC OCEAN DRILLING WORKSHOP

HEFSIRAYAYZER (McNeil &, 2017).
(2) FRH IESRFFTEDAIETL
2016 £, 10DP Exp.360 {£75 SloMo (the nature of the lower crust
and Moho at slower spreading ridges) XIRIE—ERFFHASCHE, FURIR
THRIsDE B IBIRY SKAYPSRIEDEF % Atlantis Bank 2@, {BARIREII,
RREB 7 AL =SBk ARIRIFER S, B3 7 I8E 5KF7RY NEREHs
R SREEPEE-aREEEA, WRFaaBRSBIMERH T T2IR
(Macleod %, 2017).
(3) tRIR(EFHATERIAHE
IR AR IEHE], 2014 &, |ODP ERE-/INTR- SR
(IBM) e X R T A EERRR Exp. 351&352, HAr IODP 351
RR Bin AN -1Rss B ek R HMEESZEAVE R, 10DP 352 filRAY
Bir2EEREIXAIK IS, SRR T LSS A EE
AOIHE, RBFFERZEEARFER. EENAFSABZE, HTFHAF
FIRIVBRIET, SSERRERENRINGERT skIER, EAR=ES,
e IBM SUETEMBnER sKIZEEY/ INFRZ AR (Arculus %, 2015;
Reagon £, 2019; Ishizuka &, 2018),
(4) LRSS hRERMAEXDSIE RS- 8RN IKMZE
2014 £-2018 4EEAIE), |ODP Exps. 349, 367, 368, #1 368X A RLAR S

By SKITAL PRI N EERZBIR, SRR T s RSk, bk

39



HF2023FERFHRFATGS | L

FET. BEEEE. KBV KeihIR, ik 78R KA ~33 Ma
Z£~15Ma (LiZF, 2015), BB ARRREEREARTUATEFARE
AN RTTEE (EEREIRERE) Suns, 2018), EARMEEE—
HiERIRIEXKiEs) (Larsen %, 2018; Ding &, 2019), HME-S3K-ITiR

HERIEECIIERMEZPERMFPHEZMENHE (SunF, 2019),

2. 2023 FEHAFREE

25 "fE IODP Em\ 2023 FERFHRRE" KWBERHI 177 (37
BAEREA, FrBEIEI9IA IODP £ 2023 FEMNMEHNT, 5 "EiE5it
BahE" EFEXNAESF, 855 MAAFEEERIER, LESKBHEEKENR
BN, IREDIRER NG, HERE@MKIAREANKTIRS,; 12HXKE
WEiEE, SEMSMNEEK, 7HhXEER=ESEMILE, 6 mXiEH
PERSINX, BEREEFPENRENX, B8R NXIGBEN T &IRTxR
FHH, RIEU DEAERGRIEEREIN, HEE IODP IEHIBFRIZIRIBXH
TSR, BAURE TSR R MFIEIE X,
2.1 RRGIRS BEFEXE
(1) "EEH" it¥

B 1957 Frf@H "RER" ithl, XFRIRTE 50 SHREHIT 7 ZR=0,
9N 1966 FFEHAY “Mohole” itxl, LAK 2017 &4 “SloMo” itl, {BiY%K
I, KiFeaBiREEE, SREERNER (oa iR mEE K

40



PROMOTING INTERNATIONAL SCIENTIFIC OCEAN DRILLING WORKSHOP

S-S ERE), CI8RVER. &1, TISHIREASFKIBFEE
ZEER, HhEFIKIBRIEKEIFRIZE,

FFSLIRN B E AR FREERS, NEEAREF<IXKE, &
& (1) FOEENEFHBSX Site1473A FhHAVMRERENR, () SEEIFEES
BIR/RAERLFPERHEFALEKERRIKFZIrE (0CC) HEXA Godzilla
Megamullion X1,
(2) (Y RBERSHERE

i R R BRIR EIHER ISR, (Rt IR BB RFIYIR-sEEIRMIA
Ffr, ERHEREBECK UL/ FRFARUNE -BIRRERYALN, BEEERA R
RAE. AEFPER, RAREEEZFTRIE P E R AR TR R T ERRF ]
B (a)fHris St RiEl, (b)if+EEEA - SER D HNE
%, (P sitERENGISEE, (dPHeRESmESIEE.

FEEGRVERXEERE: (1) BT EaE N -1 88 mERXE: i
RIFHRIGHPRSHIN D -, IREMERKIER, WU PHerEHER;
(1) fFHESEEr S BTN STt TE, IARBER P EINEE. ¥
AN -t SERoRERER, () MRERSERIGZImTE, LA
RERENE, R2EBNERZR, (IV) BRALSEFHREER. KEAERN
s, 1Y ke SAERRIMTTRIEESYREN, BginaErIl
#l. EHRER. BERMRUHESEHRIZN.
(3) IRGELGBIGE-SRTES B

41



HF2023FERFHRFATGS | L

RSRITHIRERRIE, AARGENGEENNER. WEkEFEMN. £
WmE. WE-ERIESEEZHENEEHERNETFIERRRILERHE, B
HismZ R, 2l ARmTad MAS SRR HIREEAR. 37
AXEARSERNGBEMITRILR, BETHRLATRZEE: (a) W%
BFERESERITRE, (b) BEEEURESHITTHEEER; (o) B%E
I IR RN AL

KRR BIRXIERE: (1) FEiEgrmEiRsx-(LRERILES, 510DP
Exps. 349, 367, 36870 368X $LiRXIHHIE, BIIXILLLARZmEEZRARIXE
BEERR-ERT KIE, () EEftmXEREMEX, XENNESET

KX, MIEE R LN ERFTENRMPAZARIKILSINK, AJRIeEET 5K

THSFIGK-EERERSERE, (1) FAbXERREehs: JeiesEMRE
[ R im AR XA T S AR P A S e KT IR R R R E.,

(4) KiFsaBESE5%m

{E/IHBER ERVZSHEIRLAR bk EERBRIBERIK, KFeaBEsERE
MEGEMCRERLARMERE, BEhRKTFaaR, LIS TR
(a) NSRBI NFESaBEMEYIR (SR, RiF) BEL,
(b) KiFBUERESHR-MIEERR, (o) HRREIE-akIFR, (d)
Hfts,

FREIRIBERXIREIE: (1) 635 Cascadia i mFaINY SKEZF
wxiE; () AAEESLEIRE R ESRA-EERR, (IV) X

42



PROMOTING INTERNATIONAL SCIENTIFIC OCEAN DRILLING WORKSHOP

F SRR EES LARER,
2.2 REEHIFFATHARRE
(1) EEEFRA

FROERERE, UARASERENER. FNEIR, AT EARER, N
N3 IODP $hfRI%A, HhIRIREBFILIRBENEIR
(2) FEIE=EWN

RKAY IODP AMUKEMBRF ARG, BEXTEMSHEAIXRER, BIEX]
WIKHIBAKE, WEKAYEIARIESR, LARIWBKAIRE RN BEEME S I
R, BRIRIRARSGR FRIBSRIE SRR R, ERRRISED, N
PRSEIFEN, LAGER LRSS ERGIARIERE ERTIAR,
(3) FRERARATIET

BT AN A REEIA RIS AT, REEFUERARAT, BdiR
B EAARNFERZHREARERTSIN, REEFMBRRR R
R A ERRRMN ZFRMEERER.

SE iR

Arculus, RJ., O. Ishizuka, K.A. Bogus, et al., 2015. A record of
spontaneous subduction initiation in the Izu-Bonin-Mariana arc[J].
Nature Geoscience 8:728-733, doi:10.1038/ngeo2515.

McNeil, L.C., Dugan, B., Petronotis, K.E., and the Expedition362 scientists.
2017. Proceeding of the International Ocean Discovery Program,
362:Sumatra Subduction Zone, College Station, TX (International
Ocean Discovery Program).

43



HF2023FERFHRFATGS | L

https://doi.org/10.14379/iodp.proc.362.101.2017

MacLeod, C.J., Dick, H.J.B., Blum, P., and the Expedition 360 scientists.
2017. Proceeding of the International Ocean Discovery Program,
360: Southwest Indian Ridge Lower Crust and Moho, College
Station, TX (International Ocean Discovery Program).
doi:10.14379/iodp.proc.360.101.2017.

Ding, W.W., Sun, Z,, Mohn, G, et al., 2019. Laterial evolution of the rift-
to-drift transition in the South China Sea: Evidence from multi-
channel seismic data and IODP Expeditions 367&368 drilling results.
E.P.S.L., in revision.

Ishizuka, O., R. Hickey-Vargas, R.J. Arculus, et al., 2018. Age of Izu-
Bonin-Mariana arc basement[J]. Earth and Planetary Science Letters
481:80-90. doi:10.1016/j.epsl.2017.10.023.

Larsen, H. C., Mohn, G., Nirrengarten, M., et al., 2018. Rapid transition
from continental breakup to igneous oceanic crust in the South
China Sea. Nature Geoscience, https://doi.org/10.1038/s41561-018-
0198-1.

Li, C.F., Lin, J., Kulhanek, D.K., and the Expedition 349 Scientists, 2015.
Proceedings of the International Ocean Discovery Program, 349:
South China Sea Tectonics: College Station, TX (International Ocean
Discovery Program). http://dx.doi.org/ 10.14379/
iodp.proc.349.2015.

Reagan, M.K,, D.E. Heaton, M.S. Schmitz, et al., 2019. Forearc ages reveal
extensive short-lived and rapid seafloor spreading following
subduction initiation[J]. Earth and Planetary Science Letters 506:520-
529. doi:10.1016/j.epsl.2018.11.020.

Sun, Z., Jian, Z., Stock, J.M,, Larsen, H.C,, Klaus, A., AvRarez Zarikian, CA,,
and the Expedition 367/368 Scientists, 2018. Proceedings of the
International Ocean Discovery Program, volume 367/368: South
China Sea Rifted Margin, College Station, TX (International Ocean
Discovery Program).
https://doi.org/10.14379/iodp.proc.367368.2018.

Sun, Z., Lin, J,, Qiu, N,, et al., 2019. The role of magmatism in thinning
and breakup of the South China Sea. Natural Science Review, in
revision.

44


https://doi.org/10.1038/s41561-018-0198-1
https://doi.org/10.1038/s41561-018-0198-1
https://doi.org/10.14379/iodp.proc.367368.2018

PROMOTING INTERNATIONAL SCIENTIFIC OCEAN DRILLING WORKSHOP

"aGB5FRER" HERMATREELSE
KEIEL T, PRI 2
| CERSIREETIAT, 2 AAY
RSB R R TR EAMIETES, MBI RISy 3
Ko EERIORL TIRPESIE, K EREH AR SIS,
HEBRPISMISSHE. LURREEMBISEHINIE., HSERER (55, W

F) BARTRKTFSABMATIRERXMAFRIRIRSR G —, XFEEFH
REAXNFe0BIIRESIENRNEAYE. EirL, B EHE+FRF0

SCATRUARESRIRITR “DSDP-ODP-IODP” 2thIkElFHH E, MitEsk. FHit
BK. NFHRANERHARITL, —B3 ERERRIZHRIENE, HNEE
HEERR 2H0 A RIS, B GE RV TAIAERIAS, TS aBREE
ITFEUHENS 7 < AHE B BIRLH.
REERARME L, EOFSABRARERNIE S BBUSHIMRMEIE:
(1) BI—FRFNKFER, AT KEFFERUNFRSH, 5 "HIEE" .
SERMREET —IF, RN 7B KIS, R TIRIRESIE/ SIS
R9RESZ, (2) XJ Atlantis Bank ZA9HRERIE, TFRAFKEAREHRES/NG
RINSERERA, XEESTIRIY Skp OB IR NER 5, BT
ERNERE. (3) ERNFHEF A FSEEMET KRR AR MEHEESR.
ZHIFTBAY Penrose #RBIRTREHBERIUES SKIZAAVIF LM, (4) BEXY

BUESRTRAR, 18R 7 — MEN AR REIER R Z EZpkiE LI

45



HF2023FERFHRFATGS | L

ISR, JIE T EHEC 60 SFHIRERY "HmZFin”. (5) BIIXFEKE/RER
5, INREFRESREEH @R XEAEN, FERRERIERITERER (J1
BAF), EREEIEEICRERER. (6) XARRMASAIELER, RAMINRT
S APEEABRE SRR B RIEIEIIEIER, EXNEE 7 NEFEEE
T KERINNRERE, KR 7TIRIREIEERE. (7) BEFHER, SaRflik~2km,
INRT 5 ARG,

PEERFRAR, T THERNERAFLREINENERRFERFKE.
KFESABIIRPIERMR R AR AARNEEER, EAFLIREN FHEY

REERRIER, BIIAFHR (JUEZ |ODP 330 fRiRXd B8 ZER4E/RiS LSS

&) W T RRZERE L. ERRE LIS ETESILEINENEN, &N

HINEA AR S ENSE (Koppers etal., 2012), (2) FAIRGRFFEIEME
RIS EHIKNNNEE S E, —ELREZXREANFNRA, 79
TSR REAE, EfRACESRERR/NER- DRI RAHE
TEMREER (I0DP 350, 35170 352), MBIXEEMEL SR SRAR
FYIERAIAREX LS, BFRNITTRISSHEO (Pearce et al, 1992; Reagan
et al, 2019), I0DP 352 fluRAE/NEFIMAIEIB T =510, RRERRFD
BIMRIREE (51.9-51.3 Ma), EEKLEEERETE (51.3-50.3 Ma;

Reagan et al,, 2019), BEARIANRE, HRHINITBIXESRIERETSHRAED

46



PROMOTING INTERNATIONAL SCIENTIFIC OCEAN DRILLING WORKSHOP

RIS, IRHFAATF RGP RIFmEEL: BInifiARET Izanagi 1
BRI IRIR Z BRVEERITR. (3) FEBRIARARI S SR IKRET RIS

reEBHEFE (Dupal B5F) fBISHEMMR, MK ENHIEESE
£ CO2 RIE¥K (Zhang et al, 2017), {EEEERA/IATRREBBEBIRENE
ZiGAT. (4) ATHARFREHEFIBERTC, |ODP 345 fXXIRIE] SKEAZ
Y Hess Deep TMHIRRIBIFREHITHIRIAR, HE—LHIA T KIERYERK
B EREHIER, AMEMEEAIESEAREEZIRBINREN—RRRIERKS
TibEstER (Gillis et al,, 2014), 5 Oman tg4¢a1&8Y (Penrose t&8Y) BEE
AE.

REF EFMEERFERPARCF S AR EOREII TS EAH
SRR, P, RTHERAIE IR Z IR e R, —LRHAMERIET
MEARIFER, BTHRRAEEREEEIRR, ARNEIRRIFER. b
EHBRRARIFRIRHNZTR R, BANEEHEZRFHRAIRIZTE. BT
PERRE, FERFRERREGIEEICE S MEMEIKEIF SRR 2, BE
PEZFHERBNRFGHLAIIRK, FERFRE RN SHITHIIERI
BIFFE, EERRIZEME (TEENFEKRIFME) MEMEasmt. AT
FIERERIFRENFRART, TESHNEESM.

(1) SEFIFHIURS5ITF Moho &, BRIFFIBEREN, 175004510
1 Mohe HFMREMIKRFAFEESINIESR, EAIARRRIZNEEFYIRY

47



HF2023FERFHRFATGS | L

BREARIR. /N TEFRIFTE Mohe RYEOITRE T XFbRIT IR, 224
RRANFFRMIFIL, F12F Mohe HBIMUFESEIER, BEREFEZRIIN
RENFTNXABirREKR. Bel, EE. BAFENANFSRITIBGIE
Mohe {£/9 2023 [E X SRITHIRNBERE B iR —, FHEALUEER, —5—#.
BESLSOERAR, IRMERIEAESF L EARE L. BRERZFREER R
HTEIEREI5FTEF Mohe FIRMFZELIRRBAIEEN,

(2) BRDGRMAREIEREMT, WHEHSERBFRIGR. 7T
DGR AFRR, ENE RIS RRE B/ ERRITD, #pk 7 ik
RESRFAIHEUNIR. SIRRIER. I8 SEAE ka1 N aIH£9 R Et R fh
SHETN, AN SBIIS N AR SRS R R SR

WS BRI ARERFR R RIRIREIEICRM T ERIREHAFREM.

(3) BEXFhEGISHISH R, DA TaYES SR LA ET
WRIREE, (EFIRAERAIK LLTEEIF A REE R IR RARRE, B/9REARthik
REHRNEAY R —, L 70 €, EfFLRE "B iR
PKLLIRIRKE, (BFRBIEEIINIE. IS R A— D RBEIZERERAIR
HERERE, QENBYIRSCNERSR, REEFERKEEAEL
. E, RIEXMRZAMAIERFMR, WREE— A REERR R EIR
FROFRSR-BULSEAS. ATERMIBERARR, REAFERMIZKIER
E ERRE BB AR FRSFEMELE, WREMeR-BULUERS, IAEER

48



PROMOTING INTERNATIONAL SCIENTIFIC OCEAN DRILLING WORKSHOP

XML RIS,

(4) BEXFSRXUSBTRGISVRARILECHRE. TR =
EEEHISIARIRY YD, T T EERRESEIEER. Bkt HMA I
NI EWANSIBYRIEANEZEMA (Hofmann, 1997). BRI, AR
RERIERIGANRKERDRETFS, MASBRRAXILFRENRYD, S5
WRAERIERRDEXENER. FEEIRZH RN EERARAXILE
FRE#R, UAERE/AERNZESEIETEBLLNERSRSMR, FTRE
HEAZF. WEKZE. FRENDHHZENR. FPEXRSEM BT
BRI AEIR, EUFE AT —MAIRERIRATHZFIRAIBER. Eit, 1
BUENFEMNZAE R RRZIG AR K XS R IR AR, Bt

(5) BEIXIFEFBTMRBUASIEF RPRIFREPRKIER. [0ik CHEIAES
BEENFFARNEEN., EFR, B EFmARZIMIKAE (Hbg/ithix) =2
ik FERARVBKERE (Sleep & Zahnle, 2001), KFRR (ERRXIBHF
FATIRER) RFEMGRIEERE, EbEHSERTHE, ARG A 1 it
RANHBERAERZ BRI AR ERAS R, SRITEN EFFEHRIRER, IXER
RIZE LRSS RE AN S IREIEIR, B EREANEERERIHE
155, FEAREK EAENERRT, THERANFTHNERRT. AUEEY
RiFhiR, INRKFFPRR, BINERMRASRAREN, SaNREEr
BORSIRIEIA S NimTc Z BV EARE,

49



HF2023FERFHRFATGS | L

SE R

Gillis, KM, J.E. Snow, A. Klaus, N. Abe, A.B. Adridao, N. Akizawa, G.
Ceuleneer, M.J. Cheadle, K. Faak, T.J. Falloon, and others. 2014.
Primitive layered gabbros from fast-spreading lower oceanic crust.
Nature 505:204-207.

Hofmann, AW., 1997. Mantle geochemistry: the message from oceanic
volcanism. Nature 385, 219-229.

Koppers, A.A.P., T. Yamazaki, J. Geldmacher, J.S. Gee, N. Pressing, H.
Hoshi, L. Anderson, C. Beier, D.M. Buchs, L.-H. Chen, and others.
2012. Limited latitudinal mantle plume motion for the Louisville
hotspot. Nature Geoscience 5:911-917.

Pearce, J. A. et al. Boninite and harzburgite from Leg 125 (Bonin-
Mariana forearc): a case study of magma genesis during the initial
stages of subduction. In Proc. ODP Sci. Results(eds. Fryer, P., Pearce,
J. A. & Stokking, L.) Vol. 125 (Ocean Drilling Program, 1992).

Reagan, M. K., Heaton, D., Schmitz, M. D., Pearce, J. A,, Shervais, J. W. &
Koppers, A. A. 2019. Forearc ages reveal extensive short-lived and
rapid seafloor spreading following subduction initiation. Earth
Planet. Sci. Lett. 506, 520-529.

Sleep, N.H., Zahnle, K., 2001. Carbon dioxide cycling and implications for
climate on ancient Earth. Journal of Geophysical Research, 106,
1373-1399.

Zhang, G.L, Chen, L. H., Jackson, M. G., Hofmann, A. W. 2017. Evolution
of carbonated melt to alkali basalt in the South China Sea. Nature
Geoscience. 10(3), 229-235.

50



PROMOTING INTERNATIONAL SCIENTIFIC OCEAN DRILLING WORKSHOP

AT TR
EXFT, k(e 2
' ERRERE, 2EARRAE

KFHEIRSIE THEYBRIG A R B Rl @it EkRI F L Rl F R X AY
B EFEFIGE, A0TSR EEMIEAEFRHRERIIX FibEkEdnflit
B/FNERRE R EREM (habitability) BRARFIIERR. FREPEBMNRBEIRITL
(DSDP, 1966-1983)#t 20 < 70 FERRLSF NP FEARAVEE,
2 90 FAXFHLIRITHI(ODP, 1985-2003)5k15 7 < AGEIRAGRZFMIFE
MY SMIBANIEE, BIEREREBEYIBF AR TR UGS F R
XI(IODP, 2003-2013)Ff1ERRAFAIITLI(IODP, 2013-2023), FREREIAR
B ARFERRIZARAZOERZ—, BT —ZIERNARERE, £
B!
1. IEEFEUSS P EEERZIENBISEYE

SEEEAFRTNHEYRGFERKEHEENSERZANRRET, FE 1992
fF, Thomas Gold HifRHT "RMESEENMENEIREEEFRR R
(Gold, 1992), HEKREBXNMNASTSAETEREENRIR, AMKET PRI CRYRIBER
EYBINFESE T RUTRGOIESCAF R, RER BN A E R R IR
XEMW TR ANESREFRU TEERA, & T F SR N OLEE N
TP TAESZRSE (Chapelle et al., 2002; Colman et al. 2017),
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e REBEMBRAEE AR RN KRB — R ZFBir. BEESR
KREMEE (T REIFEEFAFR M) EINERNMIETT TR, Kallmeyer
FANEBHBFNFWIPRISHE 2.9x1029 MAEWHE, HET4.1x1015¢
BOBR, HEREUEIREYIER] 0.6%(Kallmeyer et al., 2012), STF4IREY
MERUEERRLEAT—BEFERY, BAIEAA I ISEESSE S
ER&{E(LIoyd et al., 2013; Hoshino and Inagaki, 2018); 7EREitFLRIREH
NR4HEFEins T hE(Magnabosco, 2018), EFTRMITTFS HESERE
BRIREFEE, RPMANELEENENEBENEEABGERTOE

( Bathyarchaeota ) , /& & & B I] ( Lokiarchaeota ) , 5 Hi &y & |7]

(Woesearchaeota) fIiFZRkaE (FiRF-4EfPREN) SRS, KR
THEMGE, SRiORBRAERPERI T HETWAERE(Orsi et
al., 2013), I0DP337 fiRIREXHGREBTIFAUWIF, 69 FRHt LR ERRIEERAK
Ihigss, XEERETFWIHPRALIBFISEE, FEIAAEFT KL 20 Ma
BP BEIZE (Liu et al, 2017), ItHh, HmEBEFRBEDBRNEZHMID
(Engelhardt et al., 2014), HIAARNADPEHDERBEAFMEDERERHL
AYEZIRTNST (Breitbart, 2012), FKEFEEE) IODP 347 fluR, MINIEIEE
REPEMBRNLAS MAEM AN RS TN, BIXIRHE 7RSS EYE R
SRAMER. EF HRAEEIHE, AEXLNEE RSP EBRSHYEE,
EIMERURMEFHEIA 3.27x107 - 7.57x108 cm3 h-', TaBEMLE~HR

HEREE~I8Y 5.83 - 33.20% (Cai et al., 2019),
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3. RMiF=EYE
RPN EEMRAREE NSRRI 52 (Orcutt et al, 2011), *
FIRAEIATR BRI ECEKAY 2 %, BBk FRARIS/KES (Johnson and

)

Pruis, 2003), XLEFRE FRT RS BMEAT ZMANRELENE., BE
RIFEBNHEREANERE, RERIVBLERBIFZ FTHSESHRITAI 7
FRTPIEERERMEY, NEEKEYIEMCE TR BB RIR S EEEE
H9EEZE(EF(Zhang et al., 2016a; Zhang et al., 2016b),
4. REREPHEMBRIKERIHES
AR SRS HRER AR PRSI S ER, ALY EEEATE
(microbial biomass turnover time) IXEHFZEF 4 (Lomstein et al.,, 2012),
EERFIA A PR RN TR A RE T VERI L4, tLARD
HENRIRTIEIZERE 7 100 5, FELFERA AR E EREMRSEESIS IR+
TR EREEZS MM (Braun et al,, 2017),
5. FRAPEMTEBRTTRBRNRIE T EEIEE
RERRKPREBEDF R PHENE R A BIARRIETE
ERER, BN, SRFENDFIRRINEN, B METRNERSE, &b
—ERRERBLINIT (DCO) ZERRIFRAEMNEIRZENRR T HEVNEE
SN HEREREH R BN EBRIBRIEIR, ARERKA, EMTHEIaEIRNE
BRHERET LR, e IBHFmTRIREAR CO. ik AEAmERER
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), X— RIS TFIEFRHMEMEEERE L ELERSIESUEETREER

X (Barry et al., 2019),

2023 FRHREE:

1. HVFESR, ARIE/BARTARFERIIE, KR5ERE
EFREPEYIBRRAFRDARARE T RIS ARMER, REii=gERmNE

=, HEmFSHEMNEDE, SIIREETEEE, RIS HEMTESHEk

HWERERZEEEIERZE. SFRBENBRHRZE RS I B NMEE

MR/ MR EKEEMR O SIENIARTFRE., FRaPEVBAREBERA

SR IHE AR R, SSRGS /HAR/ i AEIEFIH I,

HFa/thiRk (BEREFNaaBERA); ERNEDSREUFNENSA,

HNRCARN/FAED DTN, RAEREFEECUIASE,

2. REMWIEMEYSE, EHESER FRHEFBERREFSHEYFRIZZIE

o
=

MIEMENFER M RFERN RS FEER R AR R R E LR
MEYESIHIRC TR, EMEYFX— SRR R EREMEYE
sSHEESNIERITRIA S, XM A RS — L ISR BRI F R 51
YIREF R ZIBRISEHR, (E15X A LA NI AR AR A EAN R RE _ERY
WIKRFRTEN SRR, FEERSHRIRER BN R SR R EAR
R, FEEMEMENARTPRIEEXREEFR., EXEROSHBAZHEK
SZ/a, TEEESDITEHRAS=MFEEHTE. Wi, PERBT 2020 F
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GRS S, H—LPIGESEMAR. BFRFExRLRE (NLOS) B
ZUTRITERE 3 - 4 FRFARSEFHIRERIAFRES], FHERRESHITE
BB, SitER, EAGEIRINSTE 2021 i L. XEENSHEENTEES
IS FIESR FRMEDFAFRRARE A OIS,
3. ihER “FRRY” WREBSEGEAREE—SES

bk “RAT" IMRIRIAT AR E AL LRI R E R S A HYEE
TRWIMERBE T T "HREDl . AMBEWIEREREE S BTESRRS
MR ERSFREYIICFEIAIRE AR RERIE o YRR R
ix, AEFELEVARNMBFREIK R LasiRiI R EICHR.
4. FREBEMBHNSSIRIERIELR

SEIEIERARGTHEREE, IR EmEIS LESFRIERR. NSRS E
JIMIKE KRR, BIERSEYMBERNRNRRSEECENEEER, Bvs
EARREIRE LR EMER ST BRI, KEMBER.
5. SRHFRERHSHIHAG

e TR ENBESRET A EE LERSENEENAE, A
mEMEEEEREPEN BN ESIIREF VI A ERINBRAHRR. IRERE
YIBmENSEHE. (FRNEINREESSEINE, SENNRRIMEANER, HMEY
AR R EERAEEFHEERINIR.
6. (KIEHiH—Z @R "EiFRERERHFRL” RESHRERSFRIIEZR

REiE
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2018 FFIEFEBHNLUAFFRITRI (DCO) HIREBLEBIARIMA RILEHEF
TFELEERNNRM T “REBEERF L (IC-DLI, BRI DCO Mub
FEHERR) . 1ZPILICER TR ERE A RSB RIEPR IR £ 2K, B ERERERR
X—EFRitbFANEYIF I ARG A SRR RN P IMEAERIR, 32X B
BHIRERARCH, BF/IBRTESFEENERFEAZWA., EhEER
2023 FRiIERFsRATREPEMRIOAFS, AILGEREFERZFOLL
(BHZMRERSFRAIRINENE, ST RA RIS RIBARMNRERE R E
HARFANSFRRZXNRNEELR , SEMENSF. SREDZ, HWIKIFE,

MBS, IKFE IUARATEEFRZZREGSHR.
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ElFFXiFERIRTRIRAREESIETT

E IODP A=

1. SHEEFCFERMITINARERSIET
EPFRAEAIITR (IODP, 2013-2023) RUERERSIETRIAELL 7455
KiFthiRitxl (I0DP, 2003-2013) BYEREIRUEAELR, B2, H. ==
WS, HtExZ589F, BEEARE LERASEE. |I0DP IIEELI=
MERFENZD, GEXNFHERITIMBRIN=ARZEITTIRARZE, AR
TRIDS" BIEHITING CEE@INRIRSE), "HEKS" REHhiTIWE (BX
EFAFRTTRE, JAMSTEC) FORGHAFEERER BRI F TN (CREIRNE
BR. BERRERFEMENSEYIREEREXS2HAL) . 2003 FEHTRISEIRTH
ERNEOREBRMSGEA, BoslUTERMNAKRIKRE (Gulf Coast
Repository, GCR). EEAEMEKZE (Bremen Core Repository, BCR) F1IHZAK
=AIAZE (Kochi Core Center, KCC) FI=ANETDERIREX I SRIRNIREX
IR 50 FERAIE O m, A RRFRBEER,

iz T EE EERNENERNH 7 f— R EREELSH |ODP EfrE

1/ F] (IODP-MI), TIRHEINEERA REBAIREG AIRIFSHENAE (Science
Support Office [SSO], HET=EEINEFHARHE) BUC, FBEZENBIH
AEHIBEEKFISIE. |IODP MutSBEEENMES, R/ FarIinrg

HAIE TR ENB=THEGIAFEEEERS (Facility Board) A%, 2512
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RIS FEERS. "MEKS" IODP ZRAF ECORD FAEERRS. L
RENTFEEEZRSHEREFRAER. RERITTWIRFRIZREERERE
Bk, MZENRITEGRE. B TEENENHERSNRARESTN, 5
BAFHIRNE, B, PE. HE. (E. B, BHERERENNaRE
FZH IODP-MI Xfe, RIS/ FEaMEiTzHh. 2013 FHR, =&
NSF £2HIR, B8FE "ROS" WETEFERE 4500 F35T, m RUS"
BFIET 8 NAMEMLA 6400 H3E5T, RERARGRO, Eith NSF A8HAY
INER 2013 FESHHRFERBMIE T, PISHRVBHFE, T2+
E. HE. (E. B RFES5MREMNLE ECORD £FMA RS HHR
KR, BEHUMNSRE 1450 AETATHS RIS SIRIBINETT, XTE
Z£E NSF £BHIFNERT, AXBET RO SRBIETRR. mH
A MBS RISTEBARBE T HASERERIAR, BilSEESFanslT
Z5H ECORD HARESERRISZRHEIE,

IODP (2003-2013) KR EEN IR AES:, BRIFMNSBRIEEERER
£ (SPPOC). RIEMIXIZRS (SPC). RIEESSIFMTIIEAE (SSEP). KiE
PSR EIHMETIEA (EPSP). RIFRATIEA (STP). TWARTIFESS
NERSTTIFA. BUBINFHERIEHAESEK, I0DP-MI fEZEKEckER
HHRIBSHIRIN P, REDELS SSEP #1 STP £ B TREF IR
i, —MEBENRIEESSRNREEY, FaeEEREMuLIEERTE,

FERT 3-5 FRES. BIMFMSNIREITHMERIZINPBREER] SPC HITRIZEM
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XIS, HERSERRUEINBIEEZE IODP-MI HHR, FERTZ BTN
JUEIY EPSP RUIFE, BUURIFNE, FELHNVRRIZEINPEERIFE 30-40
AR, M= FEaEFERITIIVARS 6-7 1, B LHHRRIZEINE
BRE+THFzH, EBRWTENACEBARBERZRUALHRIBRAZE.

HtEZERFRITY, BRI IR SETEE TIRARIZRL,
FEERTELRE. RESER. 2013 FERNREEZENTEITAZESH, X
PREBEEIN TG (PEP) . SAAIFFIELE (SCP) FIAMRIRIP S 21 Ffh4H (EPSP)
JERFHets PEP #0 SCP 58—, #RARIZFEE (SEP), SEP #0EPSP Ay&
BRIESELS "ROS" BITRERIANEDE. KRG, ENPIFEITIEK
KigE, BWBITHE—RE 1-3 FAREER, EANKBERTFOEHEERS
FETHR, BARKILE, [RRZEETM TS STP 1 TEARSE (EDP) F8Y
HRRERE =TI (10), EBRMERAR T EARSHTEVARE, HI10
BEIRRT/NBREIR,

T IODP-MI BEZ /G, SRREIRBAEE MR RYBIIFE,
RLEFEAIL 7 I0DP igix (Forum), HFZEINEERT IODP RIATIBREHITIF
ff5, 85 IODP 2013~2023 FRIZITIIERIRN), AZFEETHRARN,
FIRS 22 IODP AR ZM(EEFIZIEE WNAIF S, |ODP iBIzEBF—RHIRIN
SRR ERNRFZR, FREE. FUTHTEIRZEENMEMCERSI, EfitX
BRIEFTE (0 ICDP, OOl F) RiEERIRRERNREARIEARE RSN

|ODP iSIzRY=IN . IXTERUAZRY 1 #THY IODP BLFIETERIIESR (B 1)
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JR partners

Australia, 2 Chikyu
Brazil, e
Chz; ECORD
India,
Korea

1ODP members | EC ;
Industry ; Other countries

1. EfRCFRIITBAEESIE TESR

FHESE NN TRIZ BIRG— K. $hRMES o kSLhERvFiiLE, B, B
ZNF1 ECORD =" MaRFaMinz TEE, SRREBESAIIIAX=1FE
BXBR75z0k&5 IODP lRHZER. M IODP g 6 FRIEITIENEE, HTHE
EHZEITRYY, FFEREECHMEINTE R EEBELHESLEMR, HHLL

RILS" IBTEERRANLI. EARRAIERAELRT, XTEER RIS
inF, FROTLEIEERTRHEDERIIIAN, WPEEERIRIEHRR IODP A5

4 MFEIRAE.
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2. HE IODP T—Z YGRS RIFNA S

BIBNER, HEF(T 300 FETSENMA IODP, HINEEISZTREE 3 4
CCECMH B I BAUR (CPP), RIRGHIRANEE 3300 B3E7T, BMAURT
%. H. ME=AFEREAENENAREE S, RARBIITEER T FAYRH
R, BEmEE CPP RIRUR, EREEREHRIE—RIIRF RN
R, EVEKETRESRSHRTNERETSHA. ENEENELEF 30
ZRENL 130 RIAARFFERSIN T AFEHRIVR, IR EF ANRBRVREFAFBAME,
Rk T BEERAMER, BEKEHEMREIR SR IAFAML, —AHAFERY
FEEAT BERKER, XAKE TS EERAFHRP RIZEMEENE
FAEEE T Etl, 2014 FLIR, FE IODP ERFAZERKLVBELSIRIY, 1R
THESNN IODP =4 ERIEERSAL:

$—%: TMEEESHEE CPP iR, |0DP 349 AN )=,
2017 X ELLELNE Y IODP 367, 368 fluk, ESEEREHRIERN, HFHF
T REBERRES NN SRR, BaiE—2LelafzEnk.

=% BEALIRRH I0DP SEMAMEAIRINE, 5, =ENEAS
BHENE FIRI S ERERARSCHE IODP flUR, EUMFHSEE AR ENIRG, MER
EARENEF BEARESANR, BOMAIRRER SRR/ KA, BYS T 3F
HRHNRZMR, FRETN RS T REIRAIER T, REUBRGMEIHIE,
RIREIFEMEEES I0DP fik, %79 IODP 5 4 NESIRME, HAKFH

FROMSE, ARREITERAF RSB a0SLmE,
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FEMREEEMEN NS REERE TR K RS TR S,
FEAERERRER, FREPEFRRFasTEERIMES. TEERNS
— IODP Rt KM BEEEEFEEMHEANTF, FEIE 2020-2022 FLINE
3 "FRfbfiER" RORIF NN, WESKBEFREMSE. H. BR=2F5, B/9ERx IODP
HNEETEZ—. FRTEHAEFZIEVKEMsRG (KFhiRE) i
it 2025 FERNER, EBHEINEFERBEERREET, ZMhERo TR
ATERAFLR, ATERCTFRFERHEZGRE, BEESKEEITRE
HhIRAYRESD, SEMEZHEBLSCHER IODP k.

ATELB_LHINL, FE IODP EREWNERLCERHEFEESR)
N PEFE IODP j5 5 FHIEIHRAN, SREZEHEEF 300 S3E5TBINE] 600 555
7T, EFMEGTERAZME, ERRKNFRTAFER(EA, BEAHR
|IODP iR, BIREITH 4 MEFRAFEREOSLINE,; KRNI ARERIIK
AR RPEZRERR, A AKRTER, FiIR—HF—ISnSiIEZRINA
ek, TSR, Bal DAENIEERIR S,

=2 BEHRBSNKFERM. KRS, TSRS
HERER, R IR AR R AVEN G H RS =AFERE. WEHX
R E PR R ERIE S AT ERB E RN, ZNAEELAT 2000 oK E ST HIR.
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62



A % b & 20184 $£63% % 36H]: 3866 ~ 3867 0 CPEREY Jetit

L5 KEELIR

SCIENCE CHINA PRESS

HHEDRTRRN R 4

T ¢4l
FERFEREL, FEN
EEWEHFE F IR
R, AEgE+=F42E
AXRFEELBERK, K
W kxR, PEAFK
Bl k.

©2018 (HPIERY: ) Aviditl

1998 <&, ZE 4Fdbof, KEIE X ANBFEKFLETR, B ILE ¢ ERR XE
AR 20 R, KBBE R mIANTR], BRT 20 ZTRHFERR, Hil%
R, AdBEERE L RAMFRABIFORELAB A FATHTE B

REFEFLERZLEASHILRBE AR ZFEANREHFHRE X B, AR
K BEZAGBRASERB. M 1968 5 £ B 4L A BT F 5 AT R B4 T
45, 50 FARKRESRGAS KT T FES. BMAA L, EL2RERFTH}F
3700 4, BG40 %5 K, TFEET R HIEINA KER, o THEAFH
Faot#ty. tde, KFESRH I THEMNEEHOMEEE, 20T LRUE
PR - 8] A ER R R A B AR R, R T ERIRIR A B R RRAKRESY, BT
TREZLBYGRT IH, RE&TUH, IANABRSER R KT T BTG L
JE Bk, 2018 4 EAH E FR K #4648 50 A F, RN#TEEREL LA HRGLEL
% L.

FEWANKFLAEESERA, BRANKRGE, 2 FPEH AN, LEERRF L,
FERAEBRN, LA HLEE L KEA I LR S R0, KEFEHRE
AFWRETFRGAKRE £, REA R RAFKENTE. TEREAS A A
KFFRGEETAR, BRAMEZFHN T BREFHFHOLE BITCTE
BRAFZHENGBRZ—. M 1998 £ 404 1/6 B 7 AP, 5] 2013 £ % A 4 5 4%
4h 300 7 E A EFARR, e ELFRRBET 3 RKFLAEEMRGREZT, &£
13 B A K EARAR b 69 STk Ao B FR AL K08 B B H. 2014~2017 569 4 £ 2, KB
A B4 A R EAS A Aok TAE, bk 57 EAEA S R E M0 15%, XA
RTEB. BNAGHEAETE LI KFESETR, 205 R ZIT 440K, 345
T Ash4n, REd 11 A KEART 3000 m, REE5EF K, LP 64T %
RERK. X 4 AMdERR HREZETEHFRGE G EZH T Lk, @4
WG T @ HEF RER T X AFNR, T 2R KRG FEE X & A& k09 RAT WS
RETHEFHEFHEX, AAEOERALRFARBRARSNALELR. B,
EMTAE EH, @T540020 5070, RECARFRREXRFARLLZRT
252 89 4K,

EUR it , RAVEIERR: B K ESRGO R, RENABRGEMN, RE
MREEFREORS XFH, REGZEAZIRNGE ) 4. XA FEEFE L BN
g Ao f B R AE B RE AR HE B & A, hiE RFARAEBRT
RE IR IR B, A BMEREEZ T L4 CPP 4Lk, @ pFaE P
TR A B HALKR; ZASRINR. RERBEERAF KA &, £B4ELL
T At 3] K E R ok 5 kA R

LAT, BACKENERKFAERGBEN. BRIEBRSE P L, 2EM
BEEFERE. R ZERERELOARERE. BERRAEBXFEREREZNER
AR B RBIRE, 2018 £ 44 AAFH A FREABRA R EED. B AfBM I
SRZ G, BIFKFLARGE 4 MR A. A, RANERBAEEE S H G

www.scichina.com  csb.scichina.com

63



=

B EAMTER, HREEBITRELSEMA, ABFEREFSRELFANECAE, A ELETREB LR L)
BR K&, #2023 55 RFARAZ TR 2 HATHF A& KL, KERTEEN KRR AUKRSWEE XM
FA — 3 KFA R A, Xl Fr ik — & 3 52 HE xF B & K45 R 609 TR AL

HIF X FARTEARY 50 F, REKREHG RFLRLD T 30 F, 122 E&A1E3 20 F69% H A A4 L
TRERFHRRTE. M5B, RERMNABBREHRIHS . THFE, THREAFE 20 5, KERTZA
KF4E R Ao K G FRABRAERNBIRARATI. BEAMN, IERMEELEH, RRIEHRGEXE %, FR
F B S IR A FEAF R E A R B AR

AXARFERATEXELRTUHRERNERS, AP B RFHE T 53 KB HA" Loy F 54,
R

THE

R

3867

64



430 &

20184 5¥63% % 36H: 3868 ~ 3876

(rPIEREE ) Al

EE: KiFEEEER U

SCIENCE CHINA PRESS

PSS SELE 7N M e SO RS 111

PERA

[P AP 5 M Bk R 22 B, 90 i b B ] K i 9230 =, 19 200092

E-mail: pxwang@tongji.edu.cn

AR Hi TR 2 7 A LR W B 24 L, ke s
£ TARRES LR A IR I AR 2 U AR A B b2
Fofir, BEEKBILORABRIBULS, FEAI T HERRLE 4
I, R R BRI R X I i v A — TR A R
B ARG R BB L, A R A R A R HER
KR THFHNFZOE 1), Bl 275K, WA 1ok
AT NFEXT BRI IR, H T bR B AR R R T, A
HANMER, REHFEOEEREE L Lk —m
H 25 BT HR 9% 1 SRR 5 PR TR, TR ARRE T4 50 4R
AR, 2R LT HIE RS, M H DO 4.

XS BETE TR IR 2. ORI 2 M ER R 1T ) 3=
A AEREE AU R B AR = A, KL 2000 m Ay
TRIEHE T 58 A AZE0%FH 4 10% M kit 1, &
R WER B TR K R, X T ok s M BR R OR BR BT AY I
FVAEAENT AR L. KA S — MR A 2 B IR K A A
HER, IABE TS R R TR K, A MR KE
RO R TIRUTR, A B AR E A AR . 50
AR, UG IE R R AR A T i TR R

FE R PR IR 0 [ B AR, v ] B AN e, (AR
FATEEAE 20 HaVEFERT M A, i ikmias ik, 4Eh7e
PR AKSE I T 4B MUIR, il 22— 28 iR 1 IS TR
JERR B A i P T Gk, b A R AR R R PR R AR A R
BRI E R 2 —. KRR 1968 4EFFUA, HELE 1998
A, 2018 2 RVEMERE R 50 45, HE 20 45 M E
B HILRKZ IR, 75 B0 A E B A 1 1 sl A
B, X RN R IO ARME, IR E Sk 0 2 D i
(RGO BN NN B b T SR NS S G 3 N
AT AT, XTSI H M.

—i =9 RIFEREPR 2 5

FRl E TR, KRR R A L. i
235 [ B ST, BRI VIR R AT 21058, &
AL AN B2 ) BRI I\ 1960 4 FF Uy Ze ek R sk
$ofi, ST 1966 4B, FATAOIRPREEAR LA
B AU LR, HISEE AR S A5 A
ik, 1068 4t 2 Pk 5 LAY HE U, FFIR T 6
[ PRI 4RI (DSDP) (3 1), 96 R L il A B 4R X

1

© 2018 (rEPHY ) Ak

65

IR E R AgEiELun
HExpge, PEAEREL.
KM A FREREEER KN
KE. 199 S EMEEHFTEEY
KKESE, AEHERE AR 2
EAHBRETRELEEATR
.

A A SEE TR B R - TURLUA ™. DSDP — j#%
A, M 1968~1983 4F, 15 4E 5L T 96 LI, #51RK 624
AL, BUNZY 95000 m, I HRWAR BT Z 8. 25—t
VO BT EE — T2 RKR T EIMARE, ME2K T
A3 0 E 2 A R IR RS G5 5 =AM UTE R PG 1 & BLIEF
JEE H 52 I A S R oA I A AR 2, TR BR T AR SR B E 11
TR K B UE D). T R AR 0 R T 51 T A% A
1975 4EFR06 . e, FEE . H A E S A L= 1T
Rl o A5 TR I BN R A R PR B 45 PR B B (International
Phase of Ocean Drilling, IPOD)”, i Jy2¢ g H #Y E brit
0. Nz JE, KRERHE S TR, B0y E PRI
A& L — A BRI H AN 1979 4R 5 Bk H R B E T
1980 4F LA E A B BRI A O T R #I2F T RS 5
ORI, 3 PR AR Wit A& R PR B R A B 5

1985 4E K IEHTRIT IR T B PR v “ODP” 1 55 — B Bx
(D), FEEMPEFAAE T 10500 W<t 2 35k 5
HE7, AT 17000 WA “JOIDES BLi5, BTN
Seilt. RIFESTRIIMEEE R, “Pet S 85I SE 1 2 12 4>
B S LR S HERERE, B0 400 MM TFRREAMESEE, A fE
TFsfese . TR B2 i) ODP B, KiFHiA
TE 20 B 111 MUK, 76 669 ASuh AL, HiE 7k
223000 m, & 2 FE RIS 3C 7200 5. WS B giaik T 5 E
ST REEEL R B [ BR A2, ODP RIS [ 5 Fb X
RE] 22 4, BN A ERE R AR S T 5 0 GO AR 5,
[ At AMEAR S, [ B 3 S A St bl 22 1

20 e e SERARINER G ik Z 58, KR R IR R
HE A BAR, 75 80 FMRAT AR TUEN T =T, WL

www.scichina.com  csb.scichina.com



B 1 RPEEHR 50 RO . BEaFRRARIB B A3 (3R 1). http://iodp.tamu.edu/scienceops/maps/iodp_odp_dsdp.jpg

Figure 1 Ocean drilling sites over 50 years. Colors distinguish drill sites of different phases (Table 1). http://iodp.tamu.edu/scienceops/maps/iodp_
odp_dsdp.jpg
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Table 1 Four phases of the international ocean drilling program

R Ay & ZH5E%
DSDP % ¥ 48 i1 ¥ (Deep Sea Drilling Pro- 1968~1983 &[E“Pkik# 5 MEEY R TEE, kE. HA, B
gram) 1
ODP K #4541 4 (Ocean Drilling Program) 1985~2003 2& [E“Po.pr B EEES, PIRE 22 NE KX
IODP 1 %4 KA #8312 (Integrated Ocean 2003~2013 EE“YeL57. HAMIRS ., EE. HA | BONESEY, hE | #E .
Drilling Program) W BR A AR < BR AT S5O BPRE . ELTE . SRR TG 2 BRI

I0DP 11 [E R A #: & Flit R (International Ocean 2013~2023 Lo Bk 00 £ E R AL
Discovery Program)
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B2 RIEERIODP BB = KEHRF 6. A, SEEYeO- S ARLE AR B, HARHIRS SLAE B R C, WOMBE & AL LR R E AT 55

B PEF-£5 (45 TODP M 1T)

Figure 2 Three ocean drilling platforms in the IODP phases. A, Riserless drillship “JOIDES Resolution”, USA; B, Riser-equipped drillship “Chikyu”,
Japan; C, Mission Specific Platforms, European Consortium. Based on IODP website
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Table 2 Number of international ocean drilling expeditions implemented by the USA, Japan and European Consortium

4 S RN AR HR

R 6 5 A8 T AT 55

S H A RN A A2

ait

a7 GUTLUIT % Ll
2003~2013 30 13 5 48 1:0.43:0.16
2014~2017 20 2 3 25 1:0.10:0.15
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Fifty years of scientific ocean drilling: Review and prospect

Pinxian Wang

State Key Laboratory of Marine Geology, School of Ocean and Earth Science, Tongji University, Shanghai 200092, China
E-mail: pxwang @tongji.edu.cn

Scientific ocean drilling since 1968 represents the longest-running and most successful international collaboration in
Earth science. Over the 50 years, it drilled more than 3700 holes and recovered some 400000 m of cores from the global
ocean, offering tremendous new insights into the way our Earth system works and continuing to revolutionize Earth sci-
ence as a whole. Although China joined this program of international cooperation only in 1998, thirty years after its in-
ception, it becomes one of the most active countries in the recent years largely through the implementation of successive
drilling expeditions to the South China Sea.

The present paper is an attempt to briefly review the half-century progress of the international ocean drilling programs
and to provide an outlook for its future. As far as the deep-sea remains the science frontiers and drilling provides the
unique tool of direct access to the deep sub-seafloor world, the program of international cooperation will continue and
develop, yet its structure and performance will change. With the further progress in technology, for example, the
long-term sea-floor observation will be incorporated into the program as a major component, and a new generation of
drilling platform and tools will be needed. Geographically, ocean drilling program should cover many more new member
countries. Driven by its rapidly developing economy, China is going to enhance its input into the international coopera-
tion and to enter the leading core of international ocean drilling as a platform provider.

ocean drilling, deep-sea reseacrh, revolution in Earth science, international cooperation
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Figure 1 Scientific themes and sites of the four ocean drilling
expeditions in the South China Sea
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Figure 2 Carbon isotopic records from the South China Sea and global ocean over the past 5 Ma®’. A—C, ODP Site 1143, South China Sea: A, ben-
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bars indicate 6"Cy; red dotted lines denote major events of ice-sheet development at 2.7, 0.9 and 0.4 Ma
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Towards the scientific frontier of deep-sea research—Progress
of China’s participation in ocean drilling

Zhimin Jian
State Key Laboratory of Marine Geology, School of Ocean and Earth Science, Tongji University, Shanghai 200092, China
E-mail: jian@tongji.edu.cn

The International Ocean Discovery Program (IODP, 2013-2023) and its predecessors the Deep Sea Drilling Program
(DSDP, 1968-1953), the Ocean Drilling Program (ODP, 1985-2003), and the Integrated Ocean Drilling Program (IODP,
2003-2013) are the largest and most influential international scientific program in the field of geoscience. China joined
the ODP in 1998, and four ocean drilling expeditions have been carried out so far in the South China Sea (SCS): ODP
Leg 184 in 1999 with the theme of “East Asian monsoon evolution”, IODP Expedition 349 in 2014 with the theme of
“South China Sea seafloor spreading”, and IODP Expeditions 367-368 in 2017 with the theme of “South China Sea rift-
ed margin”. There are 18 deep-sea drilling sites in the four expeditions to the SCS, 12 of which have water depths of
more than 3000 m and 7 of which have penetrated the igneous basement, and nearly 10000 m of sediment and rock have
been recovered in total. The results of ocean drilling in the SCS have put forward our own understandings on climate
evolution and basin formation. (1) According to the discovery of long eccentricity cycle of ocean carbon reservoir, a
double driving hypothesis of climate evolution by ice sheet and tropical processes had been proposed, making the evolu-
tion of low-latitude global monsoon, like the growth and decline of polar ice sheet, to become a new proposition of the
International Past Global Change Study (PAGES). (2) The newly completed IDOP expeditions 367 and 368 in the SCS
have recovered the complete record of the SCS evolution from land to deep-sea, particularly including the discovery of
the marine Eocene in the northern SCS, displaying that the seafloor spreading of the SCS propagated from east to west
and probably originated from the western Philippine Sea to the east. These findings challenged the traditional view of the
North Atlantic. The SCS is not a mini Atlantic and promising to provide a geological model for the formation and evolu-
tion of the marginal sea. These new discoveries and new knowledge make the SCS to be the most intensively studied
marginal sea in the world, and establish China’s dominance in the international deep-sea scientific researches of the SCS.
At the same time, the ocean drilling in the SCS has greatly promoted the Chinese academic circle to integrate with the
main fields of international deep-sea science, and enter a new phase of the land-sea combined earth system study. From
the perspective of basic research, it provides irreplaceable valuable information and knowledge for oil and gas explora-
tion, particularly in deep waters in the SCS. In addition, China’s participation in ocean drilling has also provided much
needed opportunities for Chinese scientists to participate in the deep-sea exploration of the oceans including the Antarctic
and Arctic oceans, and formed a high-level deep-sea scientific and technological research team, leading our deep-sea
scientific research to the international frontiers. At present, China is in the critical period of building a powerful maritime
country, and is striving to be a member of the international leadership in ocean drilling.

ocean drilling, South China Sea, climate evolution, basin formation, marginal sea, deep-sea research
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