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Mohole PI"OjeCt “Mohole” = “Moho” + “Hole”

Mohorovici¢ (1857-1936) discovered the "moho” discontinuity
in October 8, 1909 (P-wave arrivals)

Moho is the boundary between Earth’s crust and mantle and is ubiquitous.
It is the outermost boundary in Earth’s Interior but yet has been directly
investigated.

Thick continental crust (~ 30 km) > Thin oceanic crust (~ 6km)

Proposed original Mohole project in 1957

Harry Hess (1906-1969) Walter Munk
(1917-2019)
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Project “Mohole” 1957-1966

Johna Steinbeck
Life,
14 April 1961

The first sampling of oceanic basaltic crust achieved
by the Cuss 1 team received a personal letter of
congratulations from President Kennedly.
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Offshore Guadalupe Island
March-April 1961

Dynamic positioning

~ 3500 m water depth

5 holes

Maximum penetration: 183 m,
Miocene sediments

~ 14 m of basalt

B WEéT]ERN UNION %

“ (L) BOVT PO WUX THE WHITE MOUSE VASHINGTON DC T4 219P EST
DR DETLEV W BRONK, PRESIDENT
NATSORAL ACADENY OF SCIEMCES WASHOC /ea//f/'?
¥ HAVE BEER FOLLOVING WITH DEEP INVEREST THE EXPERIMENTAL
CRILLING IN CONNEGTION WITH THE FIRST PHASE OF PROJECT
MOHOLE, THE SUCCESS OF THE ORILLING IN ALMDST 12,000 FEEY
OF WATER MEAR GUADALUPE ISLAMD AND THE.PENETRATEON OF THE, .
ni:nu C CRUST DOMN TO THE WOLCANIC FORMATIONS CONSTITUTE

ND A LANDIARK TN CUR

A
mwwmwn‘mwmscmmnm:m
OGN N THE. ACCONPLYSANINT BUY 1N THE FACT TWAT. WHEY BMAVE [~
HPPORTED THIS BASIE EXPLORAT 10N, b
| T EXTEND YO YOU'NY. CONGRATULATIONS AND. ASK THAT ‘YOU
3.PASS_THEW ON YO.THE SPECIAL COMNITFEE AND THE STAFF OF _

@ WESTERN. UNION . g5

hF SO

THE MATIONAL ACADENY-DF ‘SCIENCES,. THE NATIONAL SCIEWGE
FOUSDATION, THE mu.mtmrm COMANY, AND
'%tmmarwmmsummwssxmmm
YESSEL'S WHD HAVE CORBE 381
APHIEVE THES MASOR RIOCESS

0N ERERNEDY, "‘"‘”“'3 e

ik

N3 @
APR1 47181

oS
Zrkige g 1y foibeld

TFC_Frontier of Understanding Earth’s Interior and Dynamics_Abe


http://www.gm.univ-montp2.fr/spip/IMG/pdf/KennedyTelegram.pdf

Project “Mohole” 1957-1966

Johna Steinbeck
Life,
14 April 1961

This frontier has been a symbolic goal for many geoscientists
over decades but was beyond the reach of available
technology at the time.

Offshore Guadalupe Island
March-April 1961

Dynamic positioning

~ 3500 m water depth

5 holes

Maximum penetration: 183 m,
Miocene sediments

~ 14 m of basalt

1966, the U.S. Congress issued a formal cease and desist order.

40 years later..., D/V Chikyu was built and would become feasible.
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The Upper mantle anisotropy

Peridotite mantle
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Two rock types have Vp > 8.0km/s and density ~ 3.2g/cm3

Peridotitg: Eclogite (Gt+Cpx):

Ultrabasic rock or | Basic rock (SiO2

(Si02<45wt%) 45~53wt% ; basaltic

Olivine dominant (>40%) component)

with possible strong Garnet dominant with

anisotropy isotropic Photo by @tatsukix

Evidence of the peridotitic upper mantle:

Hess (1964; Nature) found the upper most mantle has a strong anisotropy of the seismic
velocity. It was observed during the site survey at two Mohole site (Hawaii and Baja
California).

After this, Ringwood & Green (1966) demonstrated by high-P experiment that
the oceanic Moho is much shallower than the pressure of the phase transition
between Gabbro/Eclogite, which is deeper than 36km.

Now we believe the upper mantle is composed of peridotite.
It 1s the result of the Mohole study at the beginning.



WSs to initiate IODP

1997 Tokyo 1999 Vancouver

Science Plans

IODP Phase Il SP
(2013-2023)
2050 Science Framework

IODP Phase | SP
(2003-2013)

e  Cussl
Project Mohole Ml ws Naw)
&fb) Project
¥ Mohole

Deep Sea Drilling Project Char
(DSDP)
Japan joined DSDP
Ocean Drilling Program
with 21 member countries Mission
Platform
D/V JOIDES Resolution launched (ECORD, I0DP)

Integrated Ocean Drilling Program
w/25 countries (IODP Phase ) (JDaQ;rflhlg\g;,)

D/V Chikyu launched

International Ocean Discovery
Program (IODP Phase Il)

Scientific Ocean Drilling (2050 Science Framework)

TFC_Frontier of Understanding Earth’s Interior and Dynamics_Abe



Drill holes in oceanic crust (>100m, 1974-2018)

Michibayashi et al., Oceanography, 2019.

. , « Small amount of cores
Hard rock ~ 3% of drill cores, 97% sediment « No full crustal section
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Mantle Drilling

D/V Chikyu Proposed MoHole to Mantle (M2M) in 2012

IODP Proposal (805-MDP: Umino et al.)
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MoHole To the Mantle (M2M)

IODP Proposal (805-MDP: Umino et al.
4 main Science targets

1. Sample Return

2. Naturel of Moho 1 O fundamental questlons

3. Crust formation
4. Frontier and limits of life

Structure and composition
of convecting mantle,

obtaining in-situ mantle Geological meaning of N
sample Moho and seismic Bulk composition, and
layers in the crust mode(s) of accretion of Lithosphere aging, chemical

fast spread crust fluxes, and limits and
controlling factors of life
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1 Sa m p I e Retu n Obtain the first in-situ samples of Earth's mantle

- Estimation Gap: basalt and mantle

Mantle composition is commonly estimated by basalt composition, which is
produced as a partial melt of the mantle peridotite. There is a large gap of
the concentration between basalt (MORB) and abyssal peridotite.

» Compositional and isotopic heterogeneity
* Volatiles contents (CO,, H, ...)
 Contribution to global carbon budget

Late veneer

» Melt migration processes
» Physical properties (rheology, seismic anisotropy, ...)
Temperature and viscosity of mantle

- Estimation Gap: whole earth Need samples &

measurement
Up to 0.7 wt% (carbon) and 0.02 wt% (H,0) on the earth’s surface

vs. av. 3.2 wt% (carbon) and 2 wt% (water) in whole Earth estimated from C1 chondorite

How much CO, in the lithospheric oceanic mantle ? (10 ppm > ~10?° tons for 10km)
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2. Geological nature of Moho?

6 km thick ubiquitous oceanic crust = 10 km — 4km water depth

Seismic imaging of
Pacific lithosphere
Global map of Moho depth (from GOCE data, 2012)
e Is the Moho the interface between :
- magmatic crust & residual mantle ?
- magmatic rocks of different compositions ?
- serpentinized mantle & fresh mantle ?
- mantle + magmatic intrusions & mantle ?

Andrija Mohorovicic
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2. Geological nature of Moho?
PN

réhole seismometer

Fujie et al. (2020)Geology

Shinohara et al. (2008)PEPI N

eed samﬁles to test the hﬁothesis



2. Geological nature of Moho?

What is the upper/ lower crust boundary?

Pillow lava
L FAYeTZ bhagalty

Layer 3 [S)hkeeted 1256D 1500mbsf
|

(bagalt)
504B 21i@nbsf
* -
5048 ©
U
2
- Gabbro/Layer2 <= Hole 1256D o
- Sheeted /Layer 3 <= Hole 504B. ‘Moho

Mantle

A seismic boundary
& Lithological boundary




3. Formation of the oceanic crust, the mode of accretion

m Ocean ridge

m Convergent

MOR plate margin

m Continental
intraplate

1 Oceanic
intraplate

Magma production rate (km3/yr)

Producing

Extrusive Intrusive Total rate (%)

MOR 3 |8 21 60-80

(Degree 12 Spherical Harmonic) after Pollack et al. (1993) Japan, Chile etc — Subduction 0.4-0.6 2.5.8.0 29-86 8.6-33
Yellowstone, Intraplate

. . E—— . 0.03-0.1 0.1-1.5 0.13-1.6 0.4-6.2
Kilimanjaro etc (continent)

Intraplate 0.3-0.4 1.5-2.0 1.8-2.4 5.4-9.3

Hawaii, Canary, Azores, ——>  (ocean)

Tahiti Islands etc
Total 3.7-4.1 22.1-29.5 25.8-33.6

Magma production rate in Cenozoic: Data from McBurny (1993)
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3. Formation of the oceanic crust

- A reference site of the continuous deep hole into the mantle layer
- Mid ocean ridge : the biggest heat radiator from the earth interior
- The pattern of the hydrothermal circulation in deep is controlled by formation processes of the oceanic crust
- Bulk crust composition

Two endmember models of crust accretion

Gabbro-Glacier Sheeted Sills
Henstock et al., 1993, Boudier et al., 1996
Phipps-Morgan and Chen, 1993, Kelemen et al., 1997
Quick and Denlinger, 1993 MacLeod and Yaouancg, 2000

Layer2

Layer3

Moho ——

) and the outermost L ] )
Moho is the only boundary to reach, observe and describe in-situ melt migration system.
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4. Limits and controlling factors of life

Hydrological-Geochemical-Microbiological Feedbacks

MoMARDREAM Cruise, 2008

Reaction front of lithosphere - seawater

e What processes control exchanges ?
e Impact on global bio-geochemical
cycles ?

e Limits (and controlling factors) of
deep biosphere ?

M2M proposal (Umino et al., 2012) Ludwig et al. (2006) GCA
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1st MoHole : fast-spread plate (Typical oceanic plate)

» Majority of crust recycled into
mantle in past 200 Ma
» ~20% of modern ridges

~50% of present ocean floor
~30% of Earth's surface

* Relatively continuous and uniform

Data from

Miiller et al, * Most of subduction slabs are the fast-spreading
2008 lithosphere
Fast-spreading (simple) Slow-spreading (complex)

From M2M proposal

Schematic along-axis cross-sections of fast and slow spreading crust at the mid-ocean ridges.
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WherE? (In the pacific)

Criteria to meet scientific objectives

Technical constraints

= Simple tectonic setting eWater depth >~ 4000 m
= Normal crust (~6.0 km thickness) eTotal length < 12km (<7 kmbsf)
=- Clear Moho discontinuity (reflector) eCool Moho temperature (<250° C)

A. Thermal model of the oceanic plate (Half-Space).
B. Actual measurement of the water depth vs crustl Age

Logistics and housekeeping
Near heliport

Close to main port
Stable sea condition
Blue ocean or member

country’s EEZ

M2M proposal
(after Carlson &
Johnson, 1994)

Technological constraints: <~250 ° C in the mantle & <4000-4500 meters of water
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WherE? The trade-off between water depth and temperature

Carlson & Johnson, 1994

Technological constraints: <~250 ° C in the mantle & <4000-4500 meters of water

3 site candidates

- Cocos Plate (Site 1256D)
- Off Baja California

- Off Hawaii
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Conditions of the three candidates
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Feasibility studies

Plus, JAMSTEC conducted the feasibility study in 2021.

Eguchi&Sawada, (2022) Chikyu Monthly written in Japanese
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Feasibility studies

Coring (sampling) strategy Casing strategy Equchi & Sawada (2022)
BLADE Final report (2013)
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Conditions of the three candidates
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Off Hawali mid-aged crust drilling @oop 951-Full; umino et al. 2020)

< 2500mbsf

Umino et al. (2021)Sci.Drill. Layer 2/3 (upper/lower crust) boundary
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14

“What good will it do to get a single sample of the mantle?...

“Perhaps it is true that we won't find out
as much about the earth’s interior
from one hole as we hope.

To those who raise that objection, I say,
If there is not a first hole,

there cannot be a second or a tenth or
a hundredth hole.

We must make a beginning.”

--- Harry Hess, April 1958
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Thank you!
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IODP Moho to Mantle proposal

(805-MDP: Umino et al.2012) Proponents
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