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A Bit of History

• RV Onnuri (1450 ton, 68 m long, built in Norway KIOST 1992)
• RV Tamhae 2 (2500 ton, seismic vessel, built in Norway KIGAM 1995)
• RV Araon (7000 ton, icebreaking research vessel, KOPRI 2007)







What is the inverse problem (inversion)?

A x = b A x = λ x
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Taught under the name of REGRESSION in ML
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Singular Value DecompositionGlobal Seismic Tomography
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Taught under the name of PCA in ML



Then all of a sudden, Machine Learning and Deep Learning

Science 2019 8



An Example of Machine Learning for Geodynamical Problems

(Shahnas & Yuen, Constraints on Geophysical Parameters Using Machine Learning Algorithms, JGR 
2018 )
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With special emphasis on the principle 
and applications of

• Linear Algebra
• Probability
• Optimization

as well as becoming familiar with 
programming tools such as

• Python (numpy, pandas, 
matplotlib)

• C/C++
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Back propagation



A black box



But do this in complex multidimensional sense







Limitations of Deep Learning



Cannot generalize; a small change in condition results in failure



I think it all boils down to how do we 
put a priori information such that the 
results does not come out crazy



The solid line will be the updated your information and 
everything has uncertainty.



Most importantly we never have enough data when 
you are trying to discover new phenomena



Why I am not so interested in Deep 
Learning for now, except for pedagogical 
(educational) reasons?



지각과맨틀의경계면
(즉모호면)은잘
알려졌지만판의
이동을결정하는
LAB(암석권과연약권의
경계)는찾기가매우
힘들다.

하지만최근지진계와
관측기술의발달은
미세한 LAB를
찾아내기에이르렀다.

판구조론의중요한미스테리

(Kawakatsu & Utada, Annu. Rev. Earth Planet. Sci. 2017) 22



Pacific Array
- International collaborative project

- US, Japan, Korea, Germany, …
- “Array of Arrays”

- Consisted of multiple array observation 
projects

- Each project would solve regional problems 
independently, and collectively provides 
information to decipher plate-wise enigma 
such as the evolution of LAB

Oldest-1, Pacific Array project
- Korea-Japan international collaboration
- ~175 Ma Pacific plate (the oldest part of Pacific 

oceanic plate)



- 12 BBOBS (Broadband Ocean Bottom 
Seismometer) and 7 OBEM (Ocean 
Bottom Electro-Magnetometer) were 
installed and retrieved after ~1 year of 
deployment (2018-2019)

- Instruments provided by ERI and research 
vessels of KIOST (RV Isabu, RV Onnuri)

- Excellent example of International 
collaboration in geophysical data 
collection

BBOBS (ERI) OBEM (ERI)

BBOBSs and OBEMs on RV ISABU

RV Isabu (KIOST)



Example raw data from an OBEM

Data processing

Sounding curves from raw data

1-D regional resistivity structure

Topographic correction & 1-D 
inversion
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• In comparison with other electrical conductivity 
profiles of the Pacific plate, Oldest-1 result shows 
complex nature of LAB’s thermal structure.

• Upper panels show comparison with calculated 
conductivity profiles from plate-cooling and H.S.C. 
cooling temperature profiles, with 100 w.t. ppm 
hydrated olivine assumed. (Gardes et al. (2014))

• It showed all profiles below resistive lid could be 
explained well with the adiabat, but the HCL depth 
could not be explained with a single thermal model 
such as half-space cooling, plate -cooling, or other 
recent models (e.g., Korenaga et al. (2021))

• More ocean-bottom observation is needed to 
understand LAB and the lithosphere-asthenosphere 
system (e.g., Oldest-2 project planned for 2022)



Korenaga (2020)

- Lithosphere-Asthenosphere boundary(LAB):
- The key part of plate tectonics

- LAB and its evolution in mechanical, 
compositional, thermal aspects remains to 
be solved

- Oceanic LAB is expected to be simpler and 
more representative than its continental 
equivalent

- To understand various properties of LAB, in 
situ observations are necessary

- Therefore, ocean-bottom geophysical 
observation has been utilized to understand 
the oceanic LAB system



Now we have the ship that can go basically 
everywhere, we need new type of novel 
instruments that can help us in Earth sciences.

The development of next-generation sensors 
and instruments for global observations
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OBEM(Seafloor EM receiver) which measures conductivity

Channels 8 (MkIII), 4 (MkII)
ADC 24 bit
ADC noise floor 10-13V2/Hz at 0.01 H to nyquist
Power consumption 450 mW (4 channels at 32 Hz sampling)
Maximum sample rate 1,000 Hz on 4 (Mk III) channels or 2 (Mk II)
Time base drift 1 - 5 ms/day, correctable to < 1 ms
E and B amplifiers Chopper-stabilized
Bandwidth 10,000 s to 1,000 Hz
E sensors AgCl electrodes
Voltage noise floor 10-18 V2/Hz at 1 Hz
E-field noise floor on 10m antenna 10-10V/m/sqrt(Hz) at 1 Hz
B sensors Multi-turn, mu-metal core
B noise floor 10-6nT2/Hz at 0.1 Hz
Weight of assembly in air 300 lbs
in water -30 lbs
Endurance on one set of Li batteries 2 months
Data capacity 5 Gbyte (Mk III), 20 Gbyte (Mk II)
Depth rating 6,000 m
Acoustic navigation/release SIO custom or EG&G
Long term loss rate <2% per deployment
Deployments to date >1,000 32



The Mascarene asthenospheric anomaly: 
a branch of the African plume tree?

• Barruol et al. (2019) highlight the presence of a plume-like anomaly under the 
Mascarene basin flowing to the southeast and passing under the Central Indian 
Ridge: the Mascarene Basin Asthenosphere Reservoir (MBAR).

• From a regional tomography study, Wamba et al. (2021) confirm the presence of 
the MBAR anomaly and show its connection to the lower mantle and the African 
LLSVP.

• Moreover, they show a low-velocity channel in the uppermost mantle connecting 
the MBAR, Comoros and East-Africa hotspots between them.

From Barruol et al., 2019
Section across the tomographic model of Wamba et al (2021)



The Mascarene asthenospheric anomaly: 
a branch of the African plumes tree?

• The MBAR anomaly is probably a branch or a 
remnant of branch from the tree of Indo-African 
plumes presented by Tsekhmistrenko et al. (2021).

Conceptual cartoon of the plume tree, its East Africa and South Indian 
Ocean branch from Tsekhmistrenko et al. (2021, Nature geoscience)

3D rendering of slow P-velocity anomalies from Tsekhmistrenko et al. (2021, Nature Geoscience)



The Mascarene asthenospheric anomaly: 
a branch of the African plume tree?

• Geochemical analysis of MORBs present along the Central 
Indian Ridge show an enriched signature that can be related 
to the MBAR (study in progress).

• This geochemical signature seems to show a genetic 
connection with the different others plumes (Réunion, 
Comores, East-African rift …) considered to be linked to the 
African LLSVP, thus confirming the model of the African 
plume tree (study in progress).

• Further studies (Deep-seismic reflection, electromagnetic 
survey…) are needed to investigate the degree of interaction 
between the MBAR and the CIR as well as the geodynamic 
processes that link the different plume anomalies (Réunion , 
Comores, East African plume …) between each others in the 
Indian Ocean. 

• Direct surface evidences of the MBAR activity like possible 
hotspots or seamounts in the Mascarene basin has yet to be
found.

Location of the possibly influenced ridge portion by the MBAR anomaly





Pla ne t A: Investigation of Origins, 
Sustainability and Risks of Our Planet

This led to 10-10 Initiative by Seoul National University 
where our School of Earth and Environmental Sciences was 

chosen among the 10 disciplines with myself as the PI.
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출처: http://lukemuehlhauser.com

The Great Acceleration
Anthropocene



Countries with yellow color represent the bottom billion

39출처: http://fairtrade-eerlijkehandel.blogspot.kr

태평양과인도양을연구활동
무대로누비는이사부호

(대학대양연구)



Using global data hub, solve societally 
important Earth science issues.





Being able to develop the next generation of geophysical 
instruments are so important for cutting-edge research



Inspiring young children (ages 10 - 15) 
with disability into science (ROPOS
Project)



경청해주셔서감사합니다
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Postpone to summer of next year 2022 in Seoul Korea
Mark Your Calendar!!


