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“Lhe beginning:
INTERNATIONAL INDIAN OCEAN EXPEDITION 1959-65

One of the most
comprehensive
international
oceanographic
endeavour to date
46 research
vessels under
thirteen different
flags

A multitude of
themes focusing
on the Indian
Ocean

4 Indian vessels-
INS Kistna, INS

————— T Varuna, RV Conch
(_,rlusc tracks of research vessels during the lntgrnauoml ]ndmn Ocean I'_v(pedx and & EV Bangda

tion. Based on information from the Office of Oceanography. UNESCY Paris
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Brainstorming "36th IGC: A Unique Opportunity for Advancement of Geosciences", 10 Feb 2016, GSI, Mangalore




INTERNATIONAL INDIAN OCEAN EXPEDITION 1959-65

Lour of the significant achirevements

A detailled map of Indian Ocean
bathymetry [Heezen and Tharp, 1966]

Publication of the first oceanographic
atlas of the basin [Wyrtki et al. 1971]

« The existence of an equatorial
Southwest [T Northeast undercurrent in the Indian Ocean

(summer) (winter)

W Monsoon |l =" Monsoon [Knauss and Taft, 1964]

» Establishment of India’s National
Institute of Ocecanography (NIO)

[Hood et al. 2014]
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Do [IOE-2: taking the legacy forward

« Formally launched on the 4% December 2015, coinciding
with the 50 years of completion of IOE-1

« Several international collaborative research programmes
and outreach activities planned over the next five years.

« A Science Plan and an Implementation Strategy already in
place

« The Indian activities are being spearheaded by the
Ministry of Earth Sciences and the Indian National Centre
for Ocean Information Services (INCOIS).

-

WWW.iioe-2.incois.gov.in (Q
R

GLOBAL OCEAN OBSERVING SYSTEM FOR INDIAN OCEAN
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ISIEL Eocdiion ™ IIOE-2: overarching goals

Co-Sponsors

....to advance our understanding of the interactions between

= | geological, ocean, and atmospheric processes that give
gD,

i rise to the complex physical dynamics of the Indian Ocean

= region and to determine how those dynamics affect the
climate, extreme events, ecosystems, and human
population.

towards helping to build research capacity in the Indian
Ocean rim countries and in motivating efforts to make the
oceanographic data from the region more widely
accessible to the scientific fraternity

GLOBAL OCEAN OBSERVING SYSTEM FOR INDIAN OCEAN

| WWW.iioe-2.incois.gov.in (Q
R
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7 Working Group Themes

Science & Research

Data and Information
Management

Co

Capacity Development
Operational Coordination
Outreach and Communication
Translating Science for Society

Sponsorship and Resources

IOE-2: WG & SCIENCE THEMES

6 Science Themes

Human impacts

Boundary current dynamics,
upwelling variability

Monsoon variability and ecosystem
response

Circulation, climate variability and
change

Extreme events and their impacts

unique geological, physical,
biogeochemical, and ecological
features of the Indian Ocean

2 JOINT PROGRAM OFFICES (JPOs): PERTH AND HYDERABAD
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Gap areas and challenges

1. Monsoon —polar linkage




Indian Ocean
Expedition

Monsoon -polar region linkage through time

During the last glacial period stretching back to
~110,000 years, the climate of Greenland and the
North Atlantic has been punctuated by several abrupt
warm-cold episodes(*Dansgaard - Oeschger cycles”)
and (“Heinrich events”).

What is the link if any, between these events & the
monsoon?
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THE CLIMATE DURING THE LAST GLACIAL PERIOD

A Greenland j

I*

Antarctica
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GISP Age (ka)

A d Brook., 2008
Red numbers are D-O cycle events (Ayn and Broo )




§ - ssnmorson § NORTH ATLANTIC EPISODES AND
A0 e P09 MONSOON: THE POLAR
CONNECTION

Several studies indicate-

A link between cold episodes in the
North Atlantic and weakened Asian
monsoon during the last glacial period as
well as during Holocene

Speleothem records from China
Indicate the links between Asian monsoon
and solar input and North Atlantic ice-
rafting events, during the Holocene

(Wang et al., 2005, Science)



CLIMATE CHANGE
AT MILLENNIAL

SCALES

GISP &80 record, a proxy
for temperature change over
Greenland

Hula cave 8'80, a proxy for
Asian summer monsoon, as
it impacts the oxygen isotopic
composition of calcite

SN, a proxy for the strength
of the Indian Summer
monsoon, as it impacts the
productivity-driven de-
nitrification on the Oman
margin

TOC, a proxy for the Indian
summer monsoon, as it
impacts the strength of the
OMZ on the Pakistan margin

warm ===
818 | 50w, Greenpne

Monsoon
&80 (VPDE), Nanjing, Chine ©@

0]
—
=
o
>
«
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B1ON Arabian Sea

=

Monsoon
106 Arablan Sea

[from The Asian Monsoon, Wang, 2006]
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Monsoon variability (contd.)

Dongge cave record

3 «— Asian monsoon—)

ak

455
450
445 =
440 3
435
430

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Age (yr BP)

6180 time series of the Dongge Cave stalagmite (blue; (Wang, 2005) and
Insolation pattern (red; Laskar et al., 2004). In general, the strength of the
Asian summer monsoon follows such insolation patterns, with an
Increased summer monsoon intensity during the early part, and a gradual

decline from the mid-Holocene onwards.
[Fig. from Chawchai, 2014]
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ndianocean  Monsoon variability (contd.)

Expedition

- The timing of the strengthening and weakening also varies
significantly among different sites across Asia and it is not
clear whether such changes are synchronous or not between
the ISM and EASM?

- Proxy records also show abrupt decadal to centennial
variations superimposed on this long-term weakening trend.
(solar forcing, ENSO, Indo-Pacific climate variability, movement
of the mean position of the ITCZ, and changes in the Indian
Ocean Dipole?)
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History of the Asian Monsoon

- - Indian Ocean
= Expedition

= Strengthening of the Asian monsoon has been linked to

the uplift of the Tibetan Plateau after the collision of
the Indian sub-continent and Asia

= The monsoon has varied significantly in strength since
the past 15-20 My

= Proxy records indicate a strengthening of the monsoon
at around 5 Ma due to an interval of closing of
the Indonesian Seaway to passage of cold thermocline
waters from the Pacific to the Indian Ocean with resultant
Increase of sea surface temperature .
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Gap areas and challenges

2. Indian Ocean Geology & Tectonic history




2. EVOLUTIONARY HISTORY OF THE NORTHERN INDIAN
AN

I'HDO O CHI'NCA
PENTNSULA

sHanghek
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_ NORTH-WESTERN INDIAN
Expodition OCEAN:
ORIGIN AND TECTONICS

 Stage 1: 152 Ma

AFR €= [IND+SEY+MAD+ANT+AUS]

U Stage 2: 133 Ma

[AFR] €<= [IND+SEY+MAD] <= [ANT+AUS]
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_ NORTH-WESTERN INDIAN
Expodition OCEAN:
ORIGIN AND TECTONICS (contd.)

] Stage 3: 83 Ma

Birth of the Arabian Sea
[AFR+MAD] <= [IND+SEY]

U Stage 4. 63 Ma
[AFR+MAD+SEY] <«=>[IND]
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_ NORTH-WESTERN INDIAN
Expodition OCEAN:
ORIGIN AND TECTONICS (Contd.)

O Stage 5: 47 Ma

= First contact between India &
Eurasia (Soft collision)

1 Stage 6: 34 Ma

=“Hard collision” between India and

Eurasia
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P9 danseean The evolution of the Arablan Sea

i Expedition

can be described in two stages:

Rifting & drifting of IND+SEY from MAD (chron 34ny, 83 Ma)

Rifting & drifting of IND from SEY ( chron 28ny, 62.5 Ma)
Evolution younger to chron 28ny (62.5 Ma) is fairly understood

However...
Evolution older to chron 28ny (62.5 Ma) is not yet clear for all



3. ANDAMAN-NICOBAR SUBDUCTION ZONETECTONICS

= The Indian  plate Is

converging  obliquely on
southeast Asian Plate along
the Himalayan Front at the
north and the Sunda
Trench.

[ 4
Great \,

\
i;‘\‘

i (o)

>  Nicobar 7%

= The very thick sedimentary
A\ i

X, Banda Aceh cover on the subducting
plate have been scraped off
to form the Andaman
Nicobar Ridge.




INDIAN
PLATE

[

Fallonv
blocks

Abyssal plain




GEOLOGICAL AND STRUCTURAL CHARACTERISATION

OF THE SUBDUCTION ZONE

Characterisation of the geological and structural set-up of the
Andaman-Nicobar subuction region in the light of the background
pre-Tsunami data available.

Pre-Tsunami and post-Tsunami Crustal/ lithospheric modelling of
the region with a view to estimating the magnitude of
uplift/subsidence.

|dentification of the slip faults and rupture zones in the area
which could be Tsunamigenic.

Petrogenesis of Andaman fore arc volcanic and subduction-

related rocks.
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i BZoan 4. Exploring the origin of the
xpedition

largest Geoid Low on Earth

« Geoid is an equipotential surface of the Earth's gravity field

 The geoid rises and falls over spheroid as much as -100 m
to + 100 m.

 The undulations in geoid are suggested to be caused due
to subsurface density heterogeneities.



LONG WAVELENGTH GEOID ANOMALIES

Positive long wavelength geoid anomalies are generally
concentrated over subduction zones and are understood to
have been caused due to responses of deep subducted
materials.

Association of positive geoid anomalies with hot spots and
associated density anomalies, going down to Core-Mantle
Boundary are also explained.

However, no unequivocal proposal to explain the sources
of geoid lows.
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Indian Ocean Geoid Low

Indian Ocean
Expedition

150° 180°

-110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90

http://www.geocities.ws/geodsci/legm96geoid.jpg
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INDIAN OCEAN GEOID
L OW-HYPOTHESES

 Depression in the Core-Mantle boundary
« Density heterogeneities in the upper mantle

 Product of relict of earlier subduction
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Gap areas and challenges

5. N. Indian Ocean Carbon and oxygen dynamics




5. UNIQUE GEOLOGICAL, PHYSICAL
Boodiion AND BIOGEOCHEMICAL FEATURES
OF THE NORTHERN INDIAN OCEAN

Oxygen [ml/l] @ Depth [m]=250

60°E
http://iioe-2.incois.gov.in/lIOE-2/pdfviewer.jsp?docname=IIOE-2-SciencePlan-2015-2020.pdf

Both have the largest volume of open ocean hypoxic waters, but the physical
drivers are different



b £y oo 5. INDIAN OCEAN CARBON &
g = Bpsgiten OXYGEN DYNAMICS (Contd.)

1. What processes control the present, past, and
future carbon and oxygen dynamics of the Indian

Ocean and how do they impact biogeochemical
cycles and ecosystem dynamics?

2. How have the degree and areal extent of hypoxia
varied in the past?

3. Do past records permit predictions of how hypoxia
and biogeochemical processes in the northern
Indian Ocean will evolve In response to future
environmental change

http://iioe-2.incois.gov.in/lIOE-2/pdfviewer.jsp?docname=IIOE-2-SciencePlan-2015-2020.pdf
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Gap areas and challenges

6. Polymetallic hydrothermal mineralisation at spreading centres




HYDROTHERMAL SYSTEM IN OPERATION
Many of the sulphide deposits consist of a black smoker complex on
top of a sulphide mound
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Hydrothermal systems and polymetallic sulphide deposits
In modern ocean basins
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Reported occurrences along the Indian Ocean Ridge System
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=) Indian Ocean Scientific Challenges

__,_ Expedition

 |dentification of the most potential sites of multi-
metal sulphide mineralisation in the SW and CIR
areas

« Understanding the geological and geochemical
controls on hydrothermal mineralization

« Fate and impact of trace metals at vent sites

« Assessment of the impact on benthic environment
arising out of disturbances from exploration
activities
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| 7. DATA & INFORMATION
-7 indian ocean MANAGEMENT UNDER IIOE 2-
=/ THE ULTIMATE CHALLENGE

 Adopting common methods and standards for data collection
and analyses facilitating data comparison and synthesis

« A common data exchange policy for data collected under IIOE-2

« Encouraging IIOE-2 scientists/partners to provide timely, free
and unrestricted access to all data, associated metadata and
products

« Quality control/quality assurance procedures for all data types

« Establish databases containing quality controlled data and their
associated metadata, with them being able to be discovered and
retrieved through online data discovery and retrieval facilities
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2 Limee  TAKE HOME MESSAGES

* |IOE-2 would be the most comprehensive international research
programme focussing on the Indian Ocean over the next half a
decade, both in terms of its overarching goals and scientific
participation

« GSI with its state-of-the-art research vessel and core manpower
can make significant contributions to the success of the IIOE-2.

 |IOE-2 JPO can help interface between the programmes at an
international level.

« |IOE-2 programmes and the activities leading upto the 36" IGC
are spread over the next five years.

« [IOE-2 culminates in 2020-the year of 36" IGC in India
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