—

o
.

-
t

11}
O
Z
Ll
O
2
L
-
e
< |
|
©)
Z
=]
=]
0
o

Phasel

online-only

i B R

NAGOYA UNIVERSITY

Workshop

on the future of

Scientific Ocean\Drilling with &=/ &=
Mission-Specific Platforms and Chikyu ~— . :
Jointly organised by ESSAC and |-DESC

Probing the Deep Earth: Mantle Drilling Projects
We still haven’t found what we are looking for
Katsuyoshi Michibayashi (Nagoya University/JAMSTEC)
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More then 50 years history of

) dcean L) fJHJ el scientific ocean drilling since
W L |egacy programs stated in
St 1960’s, IODP continues its

Sl exploration on global ocean.

MohorovicCi¢ discontinuity

DRILLING EARTH SCIENCE

— =

- 1985 _JOiDES Rés”éfunonioperatlm,

2003 Integrated Ocean Drilling Program, |IODP

D/V Chikyu operation

ithﬁi'a?”‘l!ﬂﬁﬂ’drs Z2p3, JOIDES Resolutlon ﬁi&fiiﬁﬁﬁm&ﬁ(MSP)

International Ocean Discovery Program, IODP
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Mohorovici¢ Discontinuity (Moho): Intense Seismic
Reflection, which seismically defines the boundary

between crust and mantle in the Earth
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Seismic imaging of
Pacific lithosphere
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Constant MOHO depth in the global ocean seems to be the
robust evidence for homogeneous cooling of the Earth
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A Moho depths are quite similar among oceans in contrast to those in continents
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The MoHole: Journey to the Earth’s Mantle

vl

PROJECT

6 km/s
8 km/s

MoHOLE
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Phase | (1957-1961) of Project Mohole
[MoHo + Hole = MoHole]

Walter H. Munk proposed to drill toward the Mantle.
“What good will it do to get a single sample of the mantle?”
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Holes Deeper than 100 m:

[]Basaltic Lavas

[ Lava-Dike Transition

[l Sheeted Dikes

[ Gabbros

[] Serpentinized Peridotites
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Location map of a borehole drilled more than 100 m into the deep-
sea floor during the deep-sea drilling program from 1968 to 2020.
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ement drilling sites since 1960’s
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Pacific Atlantic SW Indian

2020
o EXP 360 (2017)
5048 Exp 385T (2019) o U1473A
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Various lithological models in ocean floor
question why the Moho depth is so constant?

Ll
g‘ g OCEAN RIDGE CRUSTAL ACCRETION MODELS
o Penrose Model Penrose Model Cannat Model Hess Model
e as modified by as modified by as modified by
U i Boudier and Dick (1989) Dick, Lin, and
m ! Nicholas (1985) Schouten (2003)
3, A
I L T
]- Isotropi 4
pic —L
m Gabbro ( )
< c B :
[ ]
i < - & Is the Moho the interface between :
- =7
(“29 éﬁf: 5 magmatic crust & residual mantle ? (Model 1)
b v magmatic rocks of different compositions ? (Model 2)
2] Moho — L.
E‘; 2 serpentinized mantle & fresh mantle ? (Model 3)
(@ feis mantle + magmatic intrusions & mantle ? (Model 4)
:“‘gi Site 504 Atlantis Bank MARK (23°N), 9°-16°E
r ¥ Cocos-Nazca Ridge,  SW Indian Ridge, 14°-16°N SW Indian Ridge
N T " Hess Deep, Atlantis Massif Mid-Atlantic Ridge 3°-77°E
~"‘*>“, Site 1256D Mid-Atlantic Ridge Gakkel Ridge
£ Problem unsolved!
NI, .

“": Michibayashi et al. (2019, Oceanography) after Dick et al. (2006)
i
i
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Oceanic lithosphere could be characterized by
crustal thickness and wet conditions
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How WET the ocean floor is ?

DRY

Pacific Ocean

Penrose model

O

®
Q
®

m . Crustal thickness

Thin _— E Thick
MAR || &
SW Indian Ridge -~
o

Serpentinite = Half Spreading Rate [mm/yr.]
\ g Modified after Muller+(2008)

WET

Each ocean floor has unique feature.
. DRY OCEAN appears to be closing, WET OCEAN is slowly expanding?
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- CHIKYU is still waiting for a Mantle drilling project since 2005
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The Mohole project has been updated to be
M2M (MoHole to Mantle ) in 2012

nj Deep Sea Drilling Vessel
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Sheeted dyke complex
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M2M: Journey to the Earth’s Mantle

< T

The deep mantle drilling proposal lead by Prof. Susumu Umino et al. (Japan 4, USA 1, UK 1 & France 1)
with 60 co-proponents (Japan 21, USA 19, UK 9, Canada 5, France 4, Germany 2)
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Selected regions for M2M have been proposed

-160° -150° -140° -130° -120° -110° -100° -90° -80°

S -

30°

Ohira et al.
(2018, EPS)

Coming soon?

Cocos Plate |

o n— - T T T | 0°
-160° -150° -140° -130° -120° -110° -100° -90° -80°

i

-6000 -4500 -4300 -4100 -3900 -3700 -3500 -3000 -2000 -1000 O

Additional site surveys are still required

(partly scheduled or applying/waiting for funding)

[Keynote2] Deep Earth: Katsuyoshi Michibayashi (Nagoya Univ., JAPAN) Mantle Drilling Projects: We still haven’t found what we are looking for



What a coincidence in the candidate site
between Mohole (1966) and M2M (2012)!

[ 1ad

RECOMMENDED
SITE

CONTOUR INTERVAL: 500 fms

. 74 4 PR £ 1> oo, &7 et | tenBrink and Brocher (1987, 1988); ‘ Ohlra et aI_ (2018, Earth’
N ey 1 \:‘ LN 4 LR i Watts and tet) Brink (1989) ’
'/ ) Y ., - Zucca and Hill (1980), Zucca et al. (1982)
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Deep North Arch| |Volcanoes
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Hawaiian shields

e
- X | Reduced Vp
Up. crust — — =2 gflien ot ==~ __
_______ Low. crust  Crustal magma
chambers & conduits?
Vp=6.7 km/s

IS oo === =
Moho_r,eﬂ‘?rc’to" Vp=7.9-87km/s~ T = =~

The MOHOLE site proposed in the Phase 2 of
the Mohole project (Side, 1966) -———— -

Flexured lithospheric mantle
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Life of Oceanic Plate

Hydration along faults <« — Matured Birth
i i
Oman F M2M SioM
ore arc Outer rise
Drilling  cHkyy CHIKYU CHIKYU R Slow- Sp’f; ing
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Subduction S o

Morishita et al. (2021)

Asthenosphere

A _

Mid-OceanRidy
Fore-arc Mantle Drilling

OINEIRMEEE BT I SO INREISSI | Pretty Hard Hard-rock Drilling
A

The Road to the Mantle Drilng

57" Deep Sea Drilling Vessel

" CHIKYU -~

Ao
/ A g&é, %?e OCEANIC PLATE /“‘ /
N

_fa_6 8Vp(km/)

.....

Pdon(sonl)

l M2M: Journey to the Earth’s Mantle

Hawaii Drilling Deep water-intermediate

depth Hard-rock Drilling

Deep water-depth Hard-rock Drilling

SloMo | Hard-rock intermediate-depth

A

Drilling

Godzilla Megamullion Drilling

Fv—VE8N

Fayzy b Hard-rock shallow-depth Drilling

ChikyuOman2018

ICDP Oman Dirilling Project

2016-2018

Hard-rock analyses
on D/V CHIKYU
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Oman Drilling Project: Background

The Samail Ophiolite, in Oman and the United Arab Emirates, is the icdp |

largest, best-exposed section of oceanic lithosphere in the World. Va

®sample the whole ophiolite
sequence (crust and mantle)

®in a series of diamond- and
rotary-drilled boreholes

®analysis of rock core
®geophysical logging

®fluid sampling
®hydrological measurements

®microbiological sampling

JGR special issue (2020-2022), Lithos special issue in progres!
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. Moho

© Phase | drilling site ,
@ Phase Il drilling site!
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Oman Drilling Project (2016—2018)

L .
(9] DRY icd P I oman
Z A ,\ drilling
v . s project
b Pacific Ocean
@) 1 Sedmens 0 ‘§ 24000 0 20 __40km 50 24°00°
| Sheeted Dykes = ” ) B City/Town B Gabbros & extrusives
m“ Penrose mOdeI A Gabims 2 | , ® OmanDP dill site Ml Peridotites
‘? Plagiogranite Al SLM/ayd I Metamorphic sole
I ' EF . Hawasina formation
<Q Foliated Gabbros [ ] ~_
= =y £ % Barka o 5 ‘,;:K
, m 8 % , Muscat\\'?"‘\»,},‘v
| © Crustal thickness ) A
() Thin = Thick |
h M AR < Crust-Mantle W
z Q_ Transition
| . . a Tec?onilsed 20
= SW Indian Ridge - e Protts
- E
Jo— - - o
X Serpentinite
e ~20
,~' 57°00' P i 56°00° <iny
[ | \/ Geological Map of the southeastern massifs of the Samail ophiolite (after Nicolas et al.,
1 WET 2000) showing the OmanDP drill site locations and their relative stratigraphic positions.

To test Penrose model and water-rock interaction
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Oman Drilling Project
Boundary)
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Oman Drilling Project (2016—2018)
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Mantle could get wet, although ocean crust could be less wet (e.g., Yoshida+20)
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Morishita et al. (2021)

&

Outer Rise Drilling (H-ODIN, BFS)

>

Hawaii Drilling

Fore-arc Mantle Drilling

The Road to the Mantle Driling

f ” Deep Sea Drilling Vessel

OCEANIC PLATE

v Basalt £l
Sheeted dyke complex .’:
abbro (layered?) Life?

Peridotite (Serpentinite?)

M2M: Journey to the Earth’s Mantle

Deep water-intermediate
depth Hard-rock Drilling

Deep water-depth Hard-rock Drilling

Pretty Hard Hard-rock Drilling

SloMo

Hard-rock intermediate-depth Drilling

A

Godzilla Megamullion Drilling

Hard-rock shallow-depth Drilling

Fv—V8N
Jadz2F

ChikyuOman2018

ICDP Oman Dirilling Project

Hard-rock analyses

on D/V CHIKYU

2016-2018

Probing the Deep Earth via
hard-rock drilling has great
demand after more than 50
years since the end of the
Mohole project

[Keynote2] Deep Earth: Katsuyoshi Michibayashi (Nagoya Univ., JAPAN) Mantle Drilling Projects:

We still haven’t found what we are looking for



Godzilla Megamullion Project, Coming Soon!?

140°E 150°E

16°40'N
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ZUSTYMLE

This project may be the first Mantle Drilling Project
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Hard-rock Drilling Science is the link between
ocean floor science (geology) and seismology
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| ) Moreover, Mantle Drilling is not only for Earth

=" Science, but it must also be for Planetary Science
© Earth history = Cooling history of a planet in the Solar System
Z

I

-

Ii(] Oceanic prust A X

(D % Altered Mantle

z material

3 Upper Mantle (s

E ((I\?Zfakl)) Lower Mantle { Global cycle }

: How far can we understand the evolution of this planet without mantle drilling?
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merewe @2 THE OCEANIC LIFE CYCLE
OF TECTONIC PLATES

Investigating the genesis, aging, motion, and destruction of oceanic lithosphere

N

SUMMARY

Earth repaves more than half its surface every ~200 million years. The formation, evolution, and destruction of oceanic
lithosphere is an integral part of the plate tectonic cycle and establishes boundary conditions for Earth’s climate system
It drives the global cycling of energy and matter that buffers Earth’s environmental conditions and makes Earth'’s surface
habitable. Oceanic lithosphere cycling produces critical economic resources and governs the occurrence of earthquakes
tsunamis, and volcanoes that pose hazards to society. To date, we have only explored a small fraction of Earth’s oceanic
lithosphere and to relatively shallow depths. To answer fundamental questions about our planet’s central rock cycle anc
plate tectonics requires scientific ocean drilling of crustal sections that span the life cycle of oceanic lithosphere and the ful
spectrum of plate accretion modes, plate boundary types, intraplate magmatic processes, and subduction styles.
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e (2 PROBING THE DEEP EARTH

SUMMARY

Scientific ocean drilling has long aspired to penetrate deep into Earth’s oceanic crust and its underlying mantle. Achieving
this objective is still pushing the limits of technology and thus remains elusive. New multidecadal scientific ocean
drilling strategies seek to probe the deep Earth and to finally reach the upper mantle via a series of interconnected,
ambitious expeditions that will take full advantage of emerging drilling, coring, logging, and monitoring technologies.
This deep drilling will lead to a better understanding of Earth’s formation and evolution; the nature of Earth’s deep
interior and its geodynamic behavior; the interrelationships between the deep Earth and geological, biogeochemical,
and climate cycles; and the limits of life.

Mantle

Lithospheric Crust

Understanding the deep Earth

can be achieved by a series of expedi-

tions that drills a transect of shallower

holes through “tectonic windows" (in this

case, in the footwall of an oceanic core

complex) or penetrates the full, approx-

imately 67 km thick, oceanic crust in one

hole in normal magmatic crust. Mustration
by Antony Morris and Geo Prose
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Fore Arc M2M will drill into mantle from sea floor
at 6000 mbsl instead of 6000 m of oceanic crust!
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We hope to submit a full proposal of Fore Arc M2M in a few years
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