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CTD SBE911+ with dual temp/salinity sensor - control unit
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Colored Dissolved
Organic Matter

Salinity 0 Conductivity 0 Temperature 0 wetCDOM 0 Oxygen

Samples collected for:

* Microbial communities

* Phytoplankton communities

- e¢DNA

« Particulate Organic Carbon
%)POC), biogenic Silica (bSi)

* Phytoplankton

« Biomarkers ool sl bl el

< 1000 m, collected at: surface,
below the surface, dee chloro}ghi}ll
maximum (DCM), below the DCM,
500 m, bottom (6 samples)

> 1000 m, collected at: 1000 m, 1500
m, 2000 m, 2500 m, 3000 m, bottom =
(12 samples)

University of
@Southampton
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Samples for
=~ analysis of:

Nutrients

Trace Metals

Isotopic analyses

UNIVERSITYof

TASMANIA IMAS
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For seafloor biology, largest under-sampled region
of continental shelf around Antarctica

Diversity, connectivity and biogeographic history
Conservation

Ice sheet history

Understanding of the forces that have shaped the evolution of life in the
Southern Ocean

tasmania o1 IMAS
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Argo floats (1 di 2)

Platform ID: 5903716

Region: [Southern Ocean]

Measuring: [Water Temperature, Water Salinity and
conductivity]

Country: UNITED STATES OF AMERICA (THE)

Data owner: UNIVERSITY OF WASHINGTON
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HOME ABOUT

ORGANIZATION DATA TECHNOLOGY

Links

Global Argo Centers and Programs | Argo Regional Centers | National Programs and Float Sites | Argo

Tools | International Programs related to Argo

Global Argo Centers and Programs

Coriolis GDAC http://www.coriolis.eu.org/Observing-the-Ocean/ARGO
US GODAE GDAC https://usgodae.org/argo/argo.html

OceanOPS https://www.ocean-ops.org/board

Argo Data Management Team http://www.argodatamgt.org

Biogeochemical Argo http://biogeochemical-argo.org/index.php

Argo Regional Centers

Pacific Argo Regional Center (PARC) http://apdrc.soest.hawaii.edu/argo

Indian Argo Regional Center (IARC) https://incois.gov.in/argo/ARDCenter.jsp

Atlantic Argo Regional Center (NA-ARC) http://www.argodatamgt.org/Argo-regional-Centers/MNorth-Atlantic-
ARC

Southern Ocean Argo Regional Center (SO-ARC)
http://www.ukargo.net/southern_ocean_argo_regional_centre

MedArgo Regional Center (MedArgo ARC) https://argo.ogs.itymedargo/

Country

Australia

Canada

Chile

China

France

Germany
Greece
Ity

India

Japan

Korea

Netherlands

Norway

Poland

Rustia

Spain

UK

Lab Link

CSIRO/BoM hitp:/fimos.org auffacilities/argoficats

P ds-sdmm.dfo- isdm- il 2-hemi

http://omz.udec.cl/

ala  Www.argo.org.cn

hittp:/ e euro-argo.eul

hitps:/fargo.ogs.itimedargol

hittpe/imarine copernicus eul

Carialis site B iciis. eu.org/Observingth RGO
] et

German Arga hittps:/fwwe.bsh.de/DE/ h g0 no
GreskArga  hitpliwe. i

Argerhaly https://arge. ogs.it/#/

Indian Arga mjnc&' ﬂi‘"n‘w

mEls argofargo hame,

::‘:‘,‘;'T:'C*‘ hetps:/fwww jamstec go jp/-ARGO /el

’;::" MEC hiepuids data jme. go.jplgmdargo/datalindex htm

KIosT https://oceanclimate krikiost argo/

KMAMNIME  hieepsifargo.nims.ga kel

Dulch Arga

Marhege hitps:/inararge.nal

Pulish Arga B i da plfhy erp htei
'}!”;:;TA'E" rus.ferhii.ru/srgalindexhtm

AegoDspana  httpdiwww.argoespana.es/
British

Oceanographic

Data Centre

The Met Office:

Mational

Oceanngraphy  hetpd/fwww ukargo. nee/
Centre,

Southampton

Plymauth

Maring

Laboratary

US Arge data

center ADML

www.aomlnosa. php

mel.nosa.

sio-arge.uesd.edu

WHO floats  https:/fwww2.whoiedu/sitelargo/

University of
Washinglon  runt.ocean.washington.edu
loals
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Commission

European Marine Observation and Data Network (EMODnet)

Data .| Atlas ofthe . | News & .. | FAQ

About v Services Themes ommunity Seas Events Downloads

Home » MNews » Map ofthe week —Argo floats

is the European Union's in situ marine data service, managed
by the European Commission (EC) Directorate-General
Maritime Affairs and Fisheries (EC DG MARE) and funded by
the European Maritime Fisheries and Aquaculture Fund.
Established in 2009, EMODnet plays a pivotal role as a trusted
source of in situ marine environmental and human activities
data and data products, serving a diverse user base across
various sectors.
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Global sea surface temperature
regional trend

Year: 1993-2018
Unit: degree Celsius (°C) per year
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La rompighiaccio italiana Laura Bassi

vy

* Anno di costruzione 1995
* Equipaggio 22

* Ricercatori 48

* Lunghezza 80 m

OGS

Istituto Nazionale
di Oceanografia
e di Geofisica
Sperimentale

* Llarghezza 17

* Icebreaker ICE 05

* Dislocamento 5455

* Potenza installata 5100 kW (7315 Hp)

* Posizionamento dinamico DP2, gruda 50 t

_ _ _ + two multibeam echosounders for shallow and deep water surveys;
* Ponte di volo per elicotteri Super Puma - a sub bottom profiling system for the study of the subsoil up to few tens

* Costi mensili: of meters; . o
. — * an acoustic doppler current profiler;
- In operazioni >650.000 € - a fishing echosounder to locate and map the biomass.

- in stand by >400.000 € + As for the decks equipment, a CTD winch and a streamer winch will be
installed in the B-Deck sheltered area, and a Coring winch installed on the
starboard side of A-Deck, to perform gravity and piston corings.
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IL NOME LAURA BASSI

Suggerimento del On. Prof. Giuseppe Valditara

Capo Dipartimento per la Formazione Superiore e la Ricerca presso il MIUR

Laura Maria Caterina Bassi Veratti,
pilt nota come Laura Bassi (Bologna, 29 ottobre 1711 - Bologna, 20
febbraio 1778), & stata una fisica e accademica italiana.

Fu la seconda donna laureata d'ltalia dopo la veneziana Elena Lucrezia
Cornaro, la prima a intraprendere una carriera accademica e scientifica
e la prima al mondo a ottenere una cattedra universitaria.

* Le & dedicato un cratere su Venere

* A Bologna le & dedicato un Liceo linguistico ed una via della citta

* In Austria le sono dedicati il Quality Engineering Centre of Expertise presso I'Univ. di Innsbruck ed
il Centre of Visual Analytics Science and Technology presso I'Universita Tecnica di Vienna

* A Sant’Antimo (NA) le é dedicato un liceo statale

* Le & stato dedicato un asteroide (15742 Laura Bassi)
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Expendable Bathythermograph (XBT)

Photo F. Colleoni
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Filtering the upper 4 meters of sea water

organismi py a.[un@c%pdééibile.

Photo F. Colleoni
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SITE 22 66. 53°S/160 92°E

a. Triparma laevis subsp.
pinnatilobata and Fragilariopsis
curta.

b. Stephanocha speculum.

C. Fragilariopsis sp and Polarella

glacialis cluster.

d. Chaetoceros convolutus and

Fragilariopsis curta.

e. Unidentied Cyst.

f. Fragilariopsis cylindrus.

g. Fragilariopsis rhombica.

h. Unidentied centric.

. Fragilariopsis pellete.

J. Shionodiscus gracilis.

a, ¢, e-f, h-j, i-j= 5um,
b, d, g= 10um

Courtesy of Amy Leventer



{@@ SROLESSLR o e Corso di Geologia Marina 2026-27 et
DEGLI STUDI ¢ orso di Geologla arina - i isi
o oirrieste LIRS pacetee 8 @ Soacmonti

» In this kind of conditions from the ship we can collect: acoustic data (multibeam, topas, adcp, EK80, although a little noisy and
the ship’s speed will likely vary) and underway surface water and CTDs

» we cannot collect sediment cores because the ship cannot stay on site, while CTD is feasible because the ship can shift, going
in circle a little around its position because the CTD doesn’t touch the sea bed

» It cannot collect multichannel seismic data

Photo F. Colleoni
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In this kind of conditions the Bassi can possibly but very unlikely collect: acoustic data (multibeam, topas, adcp, EK80) and
surface water (underway sampling). But the data will be very noisy and the speed will vary
The Bassi cannot collect sediment cores, CTD or multichannel seismic data

Photo F. Colleoni
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Scientific ocean drilling is one of the longest-running
and most successful international collaboratlons in
Earth saencesk £y

O
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The time arrow of
SCIENTIFIC
DRILLING

.
| INTERNATIONAL CONTINENTAL
, \ SCIENTIFIC DRILLING PROGRAM

1996

End 2023

New End
2024

International
Ocean Discovery

Program
I0DP-2
/lntegrated { )
Ocean Drilling 2013
Program T
(1oDP-1)
2003- 2013

- lnternchonol

IODP Briing

J Programm

Scilentific
drilling
USA

Scilentific
drilling
China

Ocean Drilling

Program
(oDP)
Deep Sea 1985-2003
Drilling Project
(DSDP)
MOHOLE 1968-1983
1958-1966

The International Ocean Discovery Program (IODP)
is an international marine research collaboration that explores Earth's history and dynamics using ocean-going

research platforms to recover data recorded in seafloor sediments and rocks and to monitor subseafloor environments

http://www.iodp.org

Istituto Nazionale
di Oceanografia
e di Geofisica
Sperimentale
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In 1961 scientific drilling took root as a feasible technology to study Earth's
subseafloor geology. Project Mohole, a concept developed by the American
Miscellaneous Society with funding from the National Science Foundation,
considered the feasibility of drilling through the Mohorovici¢ seismic

discontinuity

CONTINENT

MOHO

\_‘ 5

Harry Hess, a founding father of the theory of plate tectonics, explains Project Mohole
Damon Teagle and Benoit lldefonse, Nature, 2011.
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DRILLING SITES

Three areas are under consideration for drilling into the mantle. One includes the original Project Mohole
drilling site. Another includes a site (ODP site 1256) where scientists will drill this year into the lower crust.

Longitude

T = T T T T T
-150° -140° -130° -120° -110° -100° -90° -80°
Latitude
| I I . I I T ]
-6,000 -4500 -4300 -4,100 -3900 -3,700 -3,500 -3,000 -2000 -1000 0
Water depth (metres)

Project Mohole Drill ship CUSS 1

Five holes were drilled off the coast of Guadalupe Island, Mexico,
the deepest to 601 ft (183 m) below the sea floor in 11,700 ft
(3,600 m) of water. This was unprecedented: not in the hole's
depth but because of the depth of the ocean and because it was
drilled from an untethered platform. Also, the core sample proved
to be valuable; penetrating through Miocene-age sediments for the
first time to reveal the lowest 13 m (44 ft) consisting of basalt.
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The next phase of scientific ocean drilling, the Deep Sea Drilling Project (DSDP),
began in 1966 using the Drilling Vessel Glomar Challenger. This pioneer vessel
for DSDP conducted drilling and coring operations in the Atlantic, Pacific and
Indian oceans as well as the Mediterranean and Red Seas. The Glomar
Challenger also advanced the technology of deep-ocean drilling.
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In 1985, JOIDES Resolution replaced the Glomar Challenger at the start of a
new program, the Ocean Drilling Program (ODP). ODP was truly an
international cooperative effort to explore and study the composition and
structure of the Earth's subseafloors. The JOIDES Resolution conducted 110
expeditions for ODP at 2000 drill holes located throughout the world's
ocean basins.

144 meters long

21 meters wide

Derrick 66 m tall and can support 0.5 million kg of weight
Can drill to water depth of 8 km

12 computer controlled thrusters

IODP Exp 374 (2018) personnell
31 scientists

* 12 women (40%)

* 4 Students (10%)

* 9 Early career scientists (30%)

22 technical support staff (8 are women 36%)
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The International Ocean Discovery Program (IODP) | gnd in October 2023
Exploring the Earth Under the Sea

is an international marine research collaboration that explores Earth's
history and dynamics using ocean-going
research platforms to recover data recorded

in seafloor sediments and rocks and to monitor
subseafloor environments

l IODP

INTEGRATED OCEAN
DRILLING PROGRAM

October 2013

http://www.iodp.org

International
Ocean Discovery

Integrated
Program (IODP)

Ocean Drilling
Program
(lIoDP)
Ocean Drilling 2003- 2013

Program
(ODP)
1985-2003

Deep Sea
Drilling
Project

MOHOLE (DSDP)
1958-1966 1968-1983
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The Integrated Ocean Drilling Program (IODP 2003-2013) built upon the international
partnerships and scientific success of the DSDP and ODP by employing multiple drilling
platforms financed by the contributions from 26 participating nations. These platforms - a
refurbished JOIDES Resolution, the new marine-riser equipped Japanese Deep Sea Drilling
Vessl Chikyu, and specialized Mission-Specific-Platforms - were used to reach new areas of
the global subsurface during 52 expeditions.
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INTERNATIONAL OCEAN
DISCOVERY PROGRAM

Drilled holes
- IODP
® ODP
DSDP

Corso di Geologia Marina 2026-27
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IODP Platform
Providers

Platform

IODP Platform
Operators

2003- 2024 |0DP-1 and IODP-2

JOIDES Resolution

Any suitable vessel

EC@RD

Science Operator

e~ “\
JOIDES Resolution
Science Operator

Japan Agency for
Marine-Earth Science

IODP Management International (IODP-MI)
and Technology
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After September 30 2024

IODP n u ng

©
IODP Platform
W, X807
Providers %ﬁégu €C O RD

European Consortium for
Ocean Research Drilling

Platform

JOIDES Resolution 'D/V Meng Xiang (?‘ﬁ—‘r’;—)

Credit: William Crawford / IODP

Chikyu

Credit: JAMSTEC / IODP

@ €ECPRD

Science Operator

Any suitable vessel

IODP Platform

Operators Japan Agency for
Marine-Earth Science

and Technology
International Program US Program China Program
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IODP

International

3| Ocean

Drilling
Programme

Core Members (Ship Operators)
ECP@RD A\¢

Ma
European Consortium for % \‘J.Em": wwwwwww

Ocean Research Drilling

Associate Members (Cash/IKC)

Australia & New Zealand Consortium

@ IODP

ESSO India
others

Temporary Members

32
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Fundamental principles of IODP

e science driven project
e science plan

Climate and Ocean Change: Reading the Past, Informing the
Future

Biosphere Frontiers: Deep Life, Biodiversity, and
Environmental Forcing of Ecosystems

Earth Connections: Deep Processes and Their Impact on
Earth’s Surface Environment

Earth in Motion: Processes and Hazards on Human Time Scales
Education AND OUTREACH

 multiple platform approach to drilling

http://www.iodp.org
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THE INTERNAHONAL OCEaN DisCovegy PROGRAM
EXPLORING 1u4e EARTH UNDER 114 SEA

34
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https://www.iodp.org/2050-science-framework

2020 — 2050

STRATEGIC
OBJECTIVES

EXPLORING EARTH

BY SCIENTIFIC OCEAN DRILLING

The Strategic Objectives comprise broad Earth science
research areas that form the foundation of scientific ocean
drilling through 2050. Each objective focuses on under-
standing the interconnections within the Earth system.

Habitability and Life on Earth. Defining the conditions
for, and the role of, life in the marine realm.

The Dceanic Life Cycle of Tectonic Plates. Investi-
gating the genesis, aging, motion, and destruction of

2050 SCIENCE oceanic plates.

FRAMEWORK
Earth’s Climate System. Unraveling ice sheet history,
sea level changes, and ocean-atmosphere interactions.

Feedbacks in the Earth System. Constraining the pro-
cesses that regulate or destabilize the Earth system.

Tipping Points in Earth's History. Using Earth’s geo-
logical past to illuminate future environmental change.

Global Cycles of Energy and Matter. Determining the
role, mechanisms, and magnitude of Earth system cycles.

Natural Hazards Impacting Society. Understanding
natural hazards in the marine environment.

Anthony Koppers Co-lead Editor,

Chair Science Framework Working Grou
( g Group) ENABLING

Rosalind Coggon Co-lead Editor ELEMENTS

and the Science Framework Authors and Reviewers
Enabling Elements advance the aims of scientific ocean

drilling through numerous and varied broader impacts
and outreach initiatives, partnerships and collaborations
with organizations that have complementary goals,
technology development, and big data analytics.

representing the international scientific ocean
drilling community

FLAGSHIP
INITIATIVES

The Flagship Initiatives comprise long-term, multidisciplinary
research endeavors that aim to test scientific paradigms and
hypotheses that inform issues of particular relevance or interest
to society. They typically combine research goals from multiple
Strategic Objectives. Their implementation will be shaped by pro-
posals from the scientific community that develop coordinated
strategies that include long-term planning, technology develop-
ment, and innovative applications of existing and new scientific
ocean drilling data products.

Ground Truthing Future Climate Change. By collecting the
robust data required for reconstructing global climate evolution
over extended geologic time periods, scientific ocean drilling
will provide information that is critical for improving climate
model performance.

Probing the Deep Earth. By penetrating deep within oceanic
crust, scientific ocean drilling will lead to a better understanding
of Earth's formation and evelution and the connections between
tectonics, earthquake and wvolcanic hazards, climate, and our
planet's habitability.

Assessing Earthquake and Tsunami Hazards. By acquiring
samples and deploying instruments in offshore and nearshore
fault zones, scientific ocean drilling will enable more reliable
assessments of the risks posed by major earthquakes and tsunamis
and will facilitate improved hazard preparedness and response.

Diagnosing Ocean Health. By retrieving sedimentary records
that preserve key information about past responses of biolog-
ical activity to natural cycles and catastrophic events, scien-
tific ocean drilling will enable a more informed assessment of
the expected rates, duration, and magnitudes of future ocean
health deterioration.

Exploring Life and Its Origins. Scientific ocean drilling and
monitoring in borehole observatories will advance research into
the distribution and limits of deep microbial life, novel microbes
and their biotechnological applications, the emergence and evo-
lution of life on Earth, and the possibility of life on other worlds.
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Climate and Ocean Change:
Reading the Past, Informing the
Future
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Elements of this figure were adapted from Schoof (2010)
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Biosphere Frontiers: Deep Life, Biodiversity, and Environmental Forcing of Ecosystems
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Earth Connections: Deep Processes and Their Impact on Earth’s Surface Environment
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Earth in Motion: Processes and Hazards on Human Time Scales
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Ross Sea 2018: Joides Resolution
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Rotary cores vs.
Piston cores

|

e Drill over
technique

e Deepest APC
~490m

e Better quality

I

Piston cored
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APC Coring

Orientation alignable

/reuiwing cup
& S

hwa - hrd The Advanced Piston Corer (APC) is crucial for
1;{1 1{ high-resolution climate and paleoceanographic
i F\ seals studies.
| Outer seals
\Q‘ . The APC is a hydraulically actuated piston corer
Rod/f 1§ designed to recover relatively undisturbed
HonaL0. i cliss [y continuous 9.5 m long oriented core samples
P . Seafloor——__ i L e . .
et ||| Feoen from very soft to firm sediments.
el \\ Fléar. plastic ’ i ""v
75 Another tool that is now available is the 72 APC.
;'i’iéttl)n:head o5
) | < and seal - 5
N—hEQ-Shes e —S
: éefo;; ‘st,mk"e:‘ : 9.5m st;;)ke?.; ‘ ‘
to take core ; < 5 4:. : Core

After s.troke
to take core



UNIVERSITA = K c di Geologia Marina 202627 - istituto Nazionale
| DEGLI STUDI j . orso di Geologia Marina - @ OGS 'di Geofision
DI TRIESTE FVR: materatica & g ol Geofieica

v2 APC Coring System

e Recovers 4.7 meter cores

e (Can be used for extending core depths with improved core quality.
e (Can be used to piston core through difficult sections.

e Results in fewer liner deformations.

e Takes longer than the full length APC coring system because of
doubling wireline trips.

e Drill over time is eliminated or drastically reduced.
e |s completely compatible with the APC/XCB system.
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Advanced piston core/
Extended Core Barrel
APC / XCB Bit

e/ Roller cones

e APC cutting shoe shown

e Tungsten Carbide inserts.

e Drills or Cores 11 7/16” Dia. Hole.
e APC Core Dia. =2.6" or 66 mm.
*XCB Core Dia. =2.3" or 58.4mm

e Max core length 9.84 m

e APC Record 490.4 mbsf
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XCB

Coring Soft Sediment Coring Han:d Sediment
uttin { AR X " cuttin
discharge. Pe dshewe  The XCB shoe extends 6 to 14

(

: in. ahead of the bit in very soft

| [ e Lgogug formations and retracts ~7 in.

' 9 - - (inside the main bit) as weight

Spring shaft - I | iy on bit exceeds about 12,000 Ib
‘ (collapsing a coil spring).
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APC / XCB Drilling Bit

Cutting shoe

RCB Dirilling Bit
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Pulling neck

Adjustable latch sleeve .
Latch finger RCB COrlng

Spacer adapter

Swivel

Check valve

The Rotary Core Barrel (RCB) is a
T rotary coring system designed to
e recover core samples from firm to
hard sediments and igneous
basement.

" "Nonrotating’ : - o e -
inner barrel.. " Coreliner -~ : ...

Core _‘siz;e‘ ~"'. - Bt Y S . . .
zaanemn o Wl The RCB is crucial for oceanic crustal

(9.5 m)long . °% 3 peeEs ndin .
FREE R ti ,.Lapwg hard rock studies.

Support be:;;'i-r;g: ———

— _— Float valve

Bit seals —— = - = Core catchers
Core bit .~

(97/s in. O.D. X

25/56 in. 1.D.)
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RCB Bit

¢ Drills or cores 9 7/8” dia. Hole

e Carbide inserts

e Uses compression (weight) to cut new hole.

e Sealed Bearings for long life

e Typical life is 40-60 hours depending on
formation

e Tooth structure changes depending on
formation

e Core diameteris 2.312” (58.7mm)
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THE ‘RISER’ DRILLING SYSTEM

5 Drillpipe

™ surface casing

¥~ Surface casing

ST o | SN
and cuttings flow
Second casing | up between the I up betwee?l the
drillpipe and the el drillpipe and the
| borehole or casing Second casing l borehole or casing
Uncased hole '«— Drillbit Uncased hole y <+— Drillbit

https://www.youtube.com/watch?v=aShiUyt3DHY&t=>5s

http://www.jamstec.go.jp/chikyu/
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http://www.iodp-usio.org/
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Measuring residual friction and the
heat dissipation generated by large-
scale fault movement to understand
the dynamics of mega-earthquakes
and the tsunamis that follow

http://www.jamstec.go.jp/chikyu/
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CORE ON DECK

http://www.youtube.com/watch?feature=player embedded&v=wC9IDPvvze0

http://www.iodp.org/images/stories/swf/jamstec_english_1 deepsea_drilling.swf
http://www.iodp.org/images/stories/swf/jamstec_english_2_rotary_drilling.swf
http://www.iodp.org/images/stories/swf/jamstec_english_3_riser_system.swf
http://www.iodp.org/images/stories/swf/4core_procedure_eng.swf

http://www.iodp.org/core-analyzing-process/2/


http://www.youtube.com/watch?feature=player_embedded&v=wC9lDPvvze0
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Chikyu drilling vessel: https: https://www.youtube.com/watch?v=bgmuwHQGo1k&t=9s

Chikyu riser drilling: https://www.youtube.com/watch?v=2B8VcQhvkPQ

Scientific Deep Sea Drilling and Coring Technology:
https://www.youtube.com/watch?v=Wb790Z4usyo

Coring minute 7.24

Coring operations: https://joidesresolution.org/what-is-coring-anyway/

http://www.jamstec.go.jp/chikyu/


https://www.youtube.com/watch?v=yuu0QcnOVbo
https://www.youtube.com/watch?v=2B8VcQhvkPQ
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Magnetic susceptibility is a measure of GRA density is an estimate of bulk density
the degree to which a material can be based on the attenuation of a gamma ray
magnetized by an external magnetic beam. Emitted gamma rays are scattered
field. sensitive to by electrons in the formation.

the concentration of ferromagnetic The degree of scattering is related to the
minerals (e.g., magnetite, pyrite, material bulk density

and a few other iron oxides)

X/

natural remanent
magnetization (NRM)
of archive-half core
sections before and
after alternating field
(AF) demagnetization.



J Geochemistry
http://www.iodp-usio.org/
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(APC), Advanced piston core. (HLAPC) Half advanced piston core. (XCB), extended barrel. (RCB) rotary core barrel (non magnetic)

Hole

U1521

U1522
U1523A
U1523B
U1523C

Hole U1523D
Hole U1523E

U1524A

U1524B

U1524C

U1525

Water Drilled sediment thickess (DSF)/Type of

depth
(m)
562

558

828
828
828
828
828

2394

2394

2394

1776

core/recovery %

411.50 m RCB 63%

701.8 m RCB 40%

41.57 m APC 91%.
87.99 m HLAPC 59%.
3.16 m XCB 5%

0.9 m RCB 0.5%

270.3 m APC (284.17 m tot A+B APC
102% )

0.43 m HLAPC 108%

5.51 m XCB 19%

APC (Mudline core for high resolution
interstitial water and microbiologyl)

260.5 m (drilled without coring)
19.2mRCB 11%

63.23 m APC 103%

52.64 m HLAPC 92%

42.83 m XCB 45%

LOGS

triple combo:

natural gamma radiation, density, porosity, resistivity,
magnetic susceptibility, and borehole diameter

total depth of 649 m (WSF).

FMS-sonic, sonic velocity, and resistivity images of the
borehole wall . vertical seismic profile (VSP)

triple combo (no radioactive source), Versatile Seismic
Imager (VSI), and Formation MicroScanner (FMS).

(hole D) tool strings: a modified triple combo and the
Formation MicroScanner (FMS). The Dipole Sonic Imager
(DSI). Hostile Environment Litho-Density Sonde (HLDS)
was run without the source for measurement of borehole
diameter with the caliper

No logs

No logs

NOTE

A total 0of 132.75 h
(5.5 days)

A total 0of 149.25 h
(6.2 days)

A total of 147.5 h
(6.15 days)

Total time 117.25
h (4.9 days).
we were forced to
terminate operations
due to a mechanical
breakdown of the port
stern tube shaft.

A total of 51.25 h (2.1
days) was spent on
Hole U1525
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LEH-MT 33.73m
(mud temperature)

EDTC

(telemetry,
gamma ray)

Natural Gamma
Radiation (HNGS)

Caliper
Litho-Density
(HLDS) -
knuckle joints

Centralizer | |\
/

Electrical
Resistivity
(HRLA)

Centralizer I”\
Magnetic || —
Susceptibility
(MSS)

F[07o 0] o R ——————————

LEH-MT 35.51
(mud temperature) f4—
EDTC
(telemetry,
gamma ray) F]

Natural Gamma h D Own h Ol

Radiation (HNGS)

N 7

4
Centralizer K

e Tool

array g%

Acoustic Velocity &

=2

Strings

transmitters
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o |

AN
Centralizer |
N7
FMS ||—
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LEH-MT 33.73m

(mud temperature)
C

(telemetry~{|

gammaray) §

Natural Gamma
Radiation (HNGS) }

Caliper
Litho-Density
(HLDS) -
knuckle joints

Centralizer | |\
/

Electrical
Resistivity
(HRLA)

Centralizer I”\
Magnetic |} —
Susceptibility
(MSS)

LEH-MT

35.51
(mud temperature) A——-

EDTC
(telemetry,
gamma ray) F]

Natural Gamma
Radiation (HNGS) |
!

Centralizer 4 l
]

array

Acoustic Velocity &

=2

os)) |

£

=

transmitters

Centralizer X

FMS |
Borehole
Resistivity
Image

\Y
\/

o |

| ]‘\_/

Natural Gamma ray: determines
concentrations of K (in weight percent),
Th, and U (both in parts per million)
from the characteristic gamma ray
energies of isotopes in the 40K, 232Th,
and 238U radioactive decay series,
which dominate the natural radiation
spectrum

High values=> High terrigenous material

EDTC
(Telemetry,
v ray)

Geophone
(vertical
seismic

profile) |

TOOZOD s W ssornmesnpmrsrsesessseonessseneesensensrasssssepesnsasssyess Al ] L S
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The HLDS contains a cesium (137Cs)
gamma ray source (662 keV) and far and
1 near gamma ray detectors mounted on a
e ‘ shielded skid that is pressed against the
D
i
i
|

LEH-MT
LEH-MT 33.783m (telemetry, . .
(mud temperaturs)  f} A borehole wall by a hydraulically activated

L Natural Gamma

gamma ray)

decentralizing arm.

Gamma radiation emitted by the source
undergo Compton scattering, in which
gamma rays are scattered by electrons in
the formation.

i~ Radiation (HNGS)
Natural Gamma | -
Radiation (HNGS) . Centralizer 2

receiver £%
array

{o il

Acoustic Velocity
(DSI) |

Calipe/r/

Litho-Density

(HLDS) 3 The number of scattered gamma rays that
S reach the detectors is proportional to the
r— ) venemiters ﬂ density of electrons in the formation,
= which is in turn related to bulk density.

o =

Electrical I
Resistivity H contratizor&||}
(HRLA) FMS —
ﬁ Borehole ||— - T
_ gl 11ay)
Centralizer IID ReSIlsr::;gZ Geophone
Magnetic | : (vertical
Susceptibility g R selsmic
(MSS) g 4 i[j’ \‘;\ prOf”e) ( Caliper

Lo = o — . S . S
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LEH-MT 33.73m
(mud temperature)

eptc |

(telemetry,
gammaray) }

Natural Gamma
Radiation (HNGS) }

Calipe/r/

Litho-Density
(HLDS)

knuckle joints

. hY
Centralizer | |
V4

Electrical
Resistivity
(HRLA)

Centralizer IID
Magnetic |} —
Susceptibility
(MSS)

TOO! ZOrO ===~ e e e e L

Natural Gamma
Radiation (HNGS)

LEH-MT 35.51
(mud temperature) f4—
EDTC
(telemetry,
gamma ray) ik

Centralizer

~ 7

Y {
Y

receiver
array

T o e

Acoustic Velocity
(DSI)

transmitters ﬂ

o

o =

Centralizer /It
FMS i
Borehole =
Resistivity
Image

*» W

Different materials have different
electrical conductivities.

Calcite, silica, and hydrocarbons are
electrical insulators, whereas ionic
solutions like interstitial water are
conductors.

Electrical resistivity can therefore be used
to evaluate porosity for a given salinity
and resistivity of interstitial water.

The tool sends a focused current into the
formation and measures the intensity
necessary to maintain a constant drop in
voltage across a fixed interval, providing
direct resistivity measurements

EDTC §, 830
(Telemetry, §§ —
1 1ay)
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Coil sensor that measures the ease with
which formations are magnetized when
subjected to a magnetic field.

LEH-MT A 35.51

rudremeegie § The ease of magnetization is ultimately
iy T ooy H— -

‘ ‘. " related to the concentration and
(lethotry, Natural Gamma o ] _
gammaray) M Radiation (HNGS) | composition (size, shape, and mineralogy)

Natural Gamma . of magnetic minerals (principally
Radiation (HNGS) || Contraizor 1y oy .
| — magnetite) in the formation.
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Litho-Density
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knuckle joints

Centralizer | |
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Electrical
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Centralizer | |

Magnetic
Susceptibility
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33.73m

LEH-MT 35.51

(mud temperature) f4—
EDTC
(telemetry,
gamma ray)

Natural Gamma
Radiation (HNGS)

Centralizer

Acoustic Velocity
(DSI)

-
:
transmitters ﬂ
q

Cenlralizer: t
FMS ||
Borehole =
Resistivity
Image

The DSI measures the transit times
between sonic transmitters and an array
of eight receivers providing a direct
measurement of sound velocity through

formations

EDTC
(Telemetry,
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(vertical
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profile) |
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LEH-MT 33.73m
(mud temperature)

EDTC

(telemetry,
gammaray) }

Natural Gamma
Radiation (HNGS) }

Caliper
Litho-Density
(HLDS)

knuckle joints

. hY
Centralizer | |
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Electrical
Resistivity
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Magnetic |} —
Susceptibility
(MSS)

LEH-MT 35.51
(mud temperature) f4—

(telemetry,
gamma ray) F]

Natural Gamma
Radiation (HNGS) |

7
|~

4
Centralizer $

receiver E3
array

Acoustic Velocity
(DSI) £

5

i
transmitters ﬂ

Centra
FMS
Borehole
Resistivity
Image

foptid it

The FMS provides high-resolution electrical
resistivity—based images of borehole walls.
The tool has four orthogonal arms and pads,
each containing 16 button electrodes that
are pressed against the borehole wall

during logging.

Resistivity of the formation at the button
electrodes is derived from the intensity of
current passing through the button

electrodes.
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In a vertical seismic profile (VSP)
experiment, a borehole VSl is anchored
against the borehole wall at regularly
spaced intervals to record the full waveform
of elastic waves generated by a seismic
source positioned just below the sea
surface.
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seismic
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Wireline downhole logging overview

Airgun seismic source for VSP

two 250-in3 Sercel G guns in a parallel “cluster” 1 m apart
The source was positioned on the port side of the JOIDES Resolution at ~7—9 mbsl with a horizontal borehole offset of ~47 m.
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Time-depth relationship (TDR) models
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Stack velocity "
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Borehole-seismic tie with stacking velocity

PD90-36 [Core depth converted to TWT using stacking velocity] 22/01/2018
seves22
COP 180.0 192.0 204.0 2180 2280 2410 253.0 266.0 278.0 291.0 303.0 318.0 329.0 3420 354.0 366.0 379.0 3920 405.0 418.0 432.0 4440 458.0 471.0 485.0 497.0 510.0
SP 6659 689.9 7139 7319 761.9 7879 8119 8379 861.9 887.9 911.9 9379 963.9 989.9 10139 1037.9 1063.9 1089.9 11159 11419 11699 11839 1221.8 12478 1275‘5 12998 13258
; f ! f ! f f ! ! ; ! h f h | | i f i 1 ; !
05 F P =45 o2

1:50000.

Lithology ~PWC
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Borehole-seismic tie with PWC (core measurements)

PD90-36 [Core depth converted to TWT using PWC velocity data] 22/01/2018
SEV89-22
CcoP 180.0 192.0 2040 216.0 2280 2410 253.0 266.0 278.0 291.0 303.0 316.0 329.0 3420 354.0 366.0 379.0 392.0 405.0 418.0 4320 4440 458.0 471.0 485.0 497.0 510.0
SP 665.9 689.9 7139 7379 7619 7879 819 8379 8619 887.9 919 9379 963.9 989.9 10139 1037.9 10639 1089.9 11159 11419 1169.9 11939 1221.8 12478 1275‘5 1299.8 13258
0 05 1 15 2 2.5km

U1521A
MSL. Lithology ~PWC g 2 1:50000.
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Borehole-seismic tie with VSI checkshots

PD90-36 [Core depth converted using checkshot OWT] 22/01/2018
seves22
COP 180.0 192.0 204.0 2180 2280 2410 253.0 268.0 278.0 291.0 303.0 318.0 329.0 3420 354.0 366.0 379.0 3920 405.0 418.0 4320 4440 458.0 471.0 485.0 497.0 510.0
s 6559 6899 7139 7379 %19 779 Bits &79 E2 &7 siis &79 839 859 10139 e 1oeis fogse  1iss 1141 e 11839 s e sy iass  imss
; f | f h ! h ! | ! h I h 1 h I h | 1 f i : h ! !

= = U1521A 0 115 2 25m
— MSL  Lithology I ——

Note the
correlation
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—————

1100 =
e
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-1200

-1250

The borehole-seismic tie
- will be further refined
with the downhole sonic
log (waiting for
processing)
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multiple submarine landslide scarps and headwalls >100m high, >6000 km2, average slope gradients: ~6.5° ).
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WL2 is located at ~267 mbsf and its physical properties are only available from downhole-log data due to extremely low

core recovery below ~155 mbsf
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