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The event began with VM Tiwari, Director, CSIR-NGRI, presenting a bouquet of flowers to Chief Guest
Dr. Jitendra Singh, Hon'ble Minister of State for Science & Technology and Earth Sciences
(Independent Charge).
Prof. Ashutosh Sharma, Secretary, Department of Science and Technology, and Ministry of Earth
Sciences, Presented the Chief Guest with a Souvenir.
The Ceremony begins with a brief introduction to the IAGA IASPEI 2021 Joint
Scientific Assembly.
The International Association of Geomagnetism and Aeronomy (IAGA) and the International
Association of Seismology and Physics of the Earth's Interior (IASPEI) are two scientific societies
affiliated with The International Union of Geodesy and Geophysics (IUGG), the world's leading
geophysics organization.
This joint scientific assembly is supported by IAGA IASPEI, Department of Scientific and Industrial
Research, Ministry of Science and Technology, and Ministry of Earth Sciences. This assembly will
also commemorate the remarkable Diamond Jubilee celebration of the Council of Scientific and
Industrial Research National Geophysical Research Institute CSIR NCRI located in Hyderabad.
The joint scientific assembly's inaugural programme began in the traditional Indian manner, by lighting
the traditional dia, a lamp lighting ceremony, followed by Saraswati Vandana playing.

Address by Chief Guest
Dr. Jitendra Singh,
Hon'ble Minister of State for Science &
Technology and Earth Sciences
(lndependent Charge)

Hon'ble Minister expresses his pleasure to be part of this inaugural session, but, as Professor
Mioara Mandea correctly stated earlier, we may be missing Being with other scientists in
Hyderabad. The opening of the Joint scientific assembly of IAGA and IASPEI is a prestigious
and historic event for all of us, especially those involved with the scientific community. It's also
a good idea that the new organisations have come together for a joint assembly session,
which allows me to reiterate what Prime Minister Modi has been saying about breaking down
barriers and working together as much as possible to get better results, And with less
expensive means.
He stated ‘As we all know, geology as a science emerged in the late 18th century. But over the
years, decades, and centuries of real-world observations and laboratory tests in technological
activity. The search has helped us learn more about our land, oceans, rivers, and forests.
But the relevance of studying the planet's composition, structure, and processes has probably
peaked now. I'm delighted we're part of the times. Because human culture is currently
contending with numerous layers of relationship with Mother Earth. So we have an opportunity
to perform, contribute, and conquer these obstacles. The Earth Geosphere Biosphere:
Lithosphere, Cryosphere, Hydrosphere, and Atmosphere combine to generate our familiar
habitats.

The first geomagnetic observatory was established in 1826. We've come a long way.
Instrumental earthquake monitoring in India dates back to 1898.
The firstSeismological logical observatory was in Alipore, Kolkata, 1898. With all of this
experience behind us, it's a fitting environment for the two scientific communities to come
together and carry on our research in their niche, as well as pursue new avenues of cross
disciplinary investigation
CSIR has provided leadership in critical national R&D visions, and I'm convinced it will do so
here. This year, the IAGA and IASPEI are holding a joint assembly, hosted by CSIR NGRI with
the support of the Ministry of Earth Sciences. One of the goals of the combined scientific
assembly of the two societies is to foster cross disciplinary research and understanding. With
improved results.
Originally, the team proposed a full physical conference, but the COVID pandemic changed this
approach. I'm delighted we made it, even if semi-virtually, and I'm sure the younger
researchers will be inspired to form collaborations. And to initiate cross-disciplinary size ideas,
which is also the mandate of the Modi government.
The Indian subcontinent is one of the world's most disaster prone areas in terms of
earthquakes, landslides, cyclones, floods, and tsunamis, and there have been some of the
most severe incidences of devastating earthquakes in the Indian subc N.E., 1950 Assam The
Bhuj quake of 2001 is recent. Jammu & Recent. Sikkim (2011) and Manipur (2016) This
region has a lengthy history of serial earthquakes, making it one of the world's most prone to
quakes.
As you all know, despite all our best efforts and resources. Predicting an earthquake with our
current knowledge and understanding is difficult, if not impossible. Let me add that India
already has 115 large observatories, and we want to open 35 more by the end of the year.
Later, add 100 more. By 2026 And I believe this is due to Prime Minister Modi's specific
interest in technology catastrophe knowledge and mitigation, as evidenced by the fact that we
had 150 earthquake observatories in nearly 70 years after independence. Having 35 by year
end and 100 more by 2026 is a big vote and shows the current government's privatisation
approach in this region, this segment.
Also, the Ministry of Earth Sciences funds geochronological research projects with
universities. And I want to emphasise India's dedication to research and earth systems science
to quantify systemic hazard for improved land use, urban planning, and disaster resilient
infrastructures, which will help us decrease risk and pave the road to sustainable development.
At this stage, we can at least strive to avert damage.
To sum up, I believe the joint scientific assembly of the IAGA and IASPEI would function as a
catalyst in gathering more researchers and practitioners from around the world. We have
begun a relationship in these two areas that is much broader. I thank everyone and the
committee and the organisers. Dr. VM Tiwari, for including me in this academically significant
event. Thank you once again ladies and gentlemen for the opportunity to participate.

Release of Abstract Volume of Joint Scientific
Assembly of IAGA-IASPEI-2021

The Chief Guest, in conjunction with the dignitaries who were present in
person and online, released the Abstract Volume of the JSA IAGA IASPEI
2021.

Welcome Address by Chairman, National
Advisory Committee, JSA-AGA-IASPEI-2021

Dr. Madhavan Nair Rajeevan delivered the welcome address to delegates, scientists and
researchers. States ‘JSS-IAGA-IASPEI of IUGG is an important inaugural event to foster crossdisciplinary ideas and promote joint research programs for improving our understanding of the
earth processes and their impact on society’.
Dr. Madhavan continues ‘These associations cover a vast domain of solid earth sciences and
aeronomy from the earth's internal structure, Geodynamics, natural hazards, earthquake
Genesis, to observation and simulation of solar and planetary magnetic field and space
weather.
This type of the linkage between the deep earth structure and geomagnetism, and the role of
fluids in earthquake nucleation and few examples to emphasise the significance of the joint
scientific assembly of these two associations to promote cross disciplinary research.
Their understanding of geomagnetic field behaviour has improved many folds during the last
decades, events like earthquakes, tsunamis, cyclones, avalanches and landslides cannot be
paved, but relentless pursuance of some latent mechanisms or biases towards increasing
resilience to such calamities.’

He expressed his satisfaction by saying ‘such an event marks the Diamond Jubilee of CSIR
national Geophysical Research Institute that is being held during the 75 year celebration of
India's independence.
He conveyed that he was glad that more than 850 registered delegates from all over the world
are participating in this assembly, and welcomes each one of them.
Dr. Rajeevan gives a brief of the structure ‘This is an assembly consisting of 53 symposia that
include one diamond jubilee symposium, 8 joint symposia, 27 IAGA symposia, and 17 IASPEI
symposia. These are spread over 80 oral presentation sessions and 11 poster presentation
sessions each of two hours duration.
The sessions are organized during 1645 to 1845 Indian Standard Time, and also 2015 to 2215
Indian Standard Time to optimize global coverage.
There are 58 oral presentations, out of which 121 are invited and 218 posters. In addition, they
have 3 plenary lectures and IAGA Model Lectures. 57 countries are participating in this joint
assembly.
This assembly will also facilitate 24 business meetings of IAGA, 20 business meetings of
IASPEI, including one for Asian Seismological commission’
He had the pleasure of supervising the creation of these mega event centers for the last two
years, though the COVID pandemic has severely impacted the plan for a physical meeting,
However, this could not deter the researchers who are attending this conference.
He took this opportunity to welcome everyone on behalf of the Indian science community and
also wished them useful deliberations. He especially congratulated Dr. VM Tiwari, Director
NGRI and his able team. For putting up hard work towards organising this mega event. He
wished everyone the best for excellent deliberations and insights.

Address by Prof. Ashutosh Sharma, Secretary,
Department of Science & Technology and MoES

After Extending Greetings to all the Dignitaries one after the other who were Present Physically
and Online Prof. Ashutosh Sharma expressed his delight to participate in the joint assembly of
two very important international associations of IUGG, namely the International Association of
Geomagnetism and aeronomy. And the International Association of seismology and physics of
the Earth's interior.
He Recalls ‘Both IAGA and IASPEI, have a long and distinguished history of nearly 100 years,
marked by some of the outstanding scientific accomplishments in their areas of study. The
internal workings of the planet Earth are extremely complex and fascinating, and to explore
them, to probe them requires careful acquisition of a variety of data sets, and painstaking long
periods of time’
In this regard, the activities promoted by the two associations, and very long work carried out
by two to three generations of scientists needs to be complemented.
Today, we can boast of much improved understanding of the forces driving the earth engines,
the magnetic field of, the geomagnetic phenomenon, the signs of upper atmospheric
phenomena, the internal structure of the earth, and geodynamics, Thermal structure in
continents and oceans, earthquake processes, earthquake hazard and risk to just name a few
areas. With a few more kind words during the address Prof. Ashutosh Sharma wishes the
JSA-IAGA-IASPEI 2021 a grand success.

Opening Remarks by Head of CSIR, Prof. Shekhar
C. Mande Director General, CSIR & Secretary,
DSIR, Government of India

After a thorough welcome to the participants, organisers and dignitaries, Prof. Shekhar C.
Mande recalls a recent natural calamity that happened in India a few months ago, the Chamoli
disaster and continues to say two very fundamental studies have come out of that, Addressing
to the questions of
i. Why did this happen in the first place, and
ii. Whether this can be predicted in future, if it is likely to happen
Out of the 2 Studies Published one of them is from our own Laboratory of CSIR NGRI and
organizer of this meeting VM Tiwari, and congratulated the team on this recent win.

Message from International Science Council
By Prof. Alik Ismail-Zadeh,
Secretary, ISC & Karlsruhe Institute of Technology, Karlsruhe, Germany

Prof. Zadeh addresses the Honorable guests, Starts his presentation stating ‘Over the last
century, worldwide scientific collaboration has evolved from basic research to research for
sustainable development. The relevance of understanding science and society has never been
higher as humanity struggles to live sustainably on our planet. Despite decades of scientific
understanding about Coronavirus, hazards, and financial ramifications, the world was not
equipped to deal with the epidemic’
The question of How to use scientific information and make it helpful. The scope and
complexity of modern global challenges necessitate new models of international scientific
collaboration that transcend disciplinary borders and span the natural and social sciences
alike.

The International Science Council was formed in 2018 after the International Council for
Science and the International Council for Social Science merged.
The roots of ISC trace back to 99. When the International Research Council and IUGG were
founded shortly after WW1. To all participants of this scientific assembly from the
informational science council, it is a tremendous joy.
The ISC is the largest non-governmental scientific organisation today, bringing together over
210 national and worldwide organisations to defend and promote the intrinsic value of
research through science policy and diplomacy. In a time of unparalleled challenges to the
voice.
Prof. Zadeh clarifies that a global scientific network and co-sponsor initiatives, including
climate change and environmental change, are part of the council's global scientific network.
Accessibility and sustainability are the keywords here. On the Behalf of ISC he wished the
participants and organisers of JSA IAGA IASPEI the best.

Address by President, International Association of
Geomagnetism and Aeronomy (IAGA)
Prof. Mioara Mandea President, IAGA & CNES (French Space Agency),
Paris, France

Prof. Mandea Starts her address by thanking the organisers for the opportunity to speak at the
inaugural ceremony on behalf of IAGA. She wished each one of the attendees and their loved
ones well. The Coronavirus epidemic has caused a global health crisis affecting us all.
She took Inspiration from Earth's magnetism for the speech, and continued by saying ‘The
Earth's magnetic field fluctuates in distance and time’ Similarly space and time have been
affected by the pandemic.
Consider our space experiences and our mobility in our home countries. And today, we're not
able to meet at the venue for this conference in Hyderabad.
Perhaps less obviously. Lockdown has also affected our experiences of time. The most
important feature. A feeling of being stuck in the present, combined, was our inability to plan
ahead. We currently don't know when we, as scientists, can be more sure. Many of us don't
know what, when we go back to work in our institutions and universities..
Prof. Mandea adds, We have learned to inhabit these new times, even in our community. We
know that our activities cover a wide scope of topics and methodologies. including field
measurements and laboratory studies, data collection and data analysis, as well as education
and outreach activities, rely also on fieldwork and laboratory access.

Moreover, our role as professors and supervisor as PhDs and postdocs, had to adapt rapidly
to this changing environment.
In particular, we have had to consider options for preserving sunlights of communication with
our students. In absence of face to face teaching and to seek out effective online equivalents.
She expressed her thoughts on better networking ‘To build their own network, early career
researchers must travel to a different location to interact with more experienced scientists,
receive feedback from more experienced scientists, and enjoy the atmosphere that everything
can provide. I noted that the board meetings haven't yet supplanted the conference format. We
expect to see our early career scholars at the next IAGA meeting to discuss these and other
concerns’
Beyond science, this symposium features talks and poster sessions. It is where we make
decisions, but it is also where individuals from all around the world will convene digitally next
week to organise this joint scientific assembly in this new format.
Many people worked hard, and I thank them and I greatly appreciate their efforts. To thank the
National Advisory Committee, the scientific programme committee. Local organising and
operational committees.
Also, she concluded by congratulating the National Geophysical Research Institute on its
diamond jubilee. Finally, She wished all a successful meeting and an exciting week.

Address by President, International Association of
Seismology and Physics of the Earth's Interior (IASPEI)
Prof. Kenji Satake President, IASPEI & Earthquake Research Institute,
Tokyo, Japan

Prof. Satake expressed his gratitude to the organisers and attendees. He states, in addition to
studying earthquakes and other seismic forces, IASPEI also studies internal structure,
property, and processes.
Seismological observation and interpretation, tectonophysics, earthquake generation process,
modelling, wall structure and geodynamics and educational outreach are all IASPEI
Commissions. Aside from this subject Commission, IASPEI has the first regional Commission.
The European seismological Commission Since 195, Asians have had Commissions, since
1986, Africans got Commission since 2011, Latin American and Caribbean seismological
Commission since 2013
IASPEI also supports Joint Commissions and Working Groups with other IUGG associations,
such as the International Heat Commission, Volcano Seismology, and Tsunamis. IASPEI and
attendees appreciated the session and held their own workshops. Each IUGG association has
its own scientific council, which meets every four years. Due to common scientific interests,
two or more associations have recently joined scientific assemblies.

Four years ago in 2017 IASPEI, had a joint assembly with IAG in Kobe, Japan. IAG and IASPEI
posted nine Joint symposium, and decided to establish a joint commission on seismology
IAGA and IASPEI had two joint scientific assemblies in the past, back in 1969, in Madrid and in
2001 in Hanoi Vietnam.
He expressed his delight and surprise stating ‘In the present scientific assembly, after 20
years, we will have 8 joint symposia on Earth and planetary core structure and evolution,
lithosphere, atmosphere and ionosphere coupling, Analogue Data for the Future. Joint
Inversion Methods, Cratons, and Mining. These combined symposia suggest that IAGA on the
IASPEI has many similar interests, and we should continue proactive cooperation in the future’
From the main assembly. Established in 1961, the National Geophysical Research Institute
(NGRI) today has around 100 scientists performing world level multidisciplinary research in
Geodynamics, earthquake hazard, and Natural Resources.
He continued saying they lost the chance to visit Hyderabad and meet the NGRI researchers
who helped make this first virtual scientific assembly possible.
He thanked the Indian National Science Academy, and the Art Science Institute of DST CSIR
and MoES for their help in hope that everyone enjoys the virtual conference.

Address by President, The International Union of
Geodesy and Geophysics (UGG)
Prof. Kathryn Whaler President, IUGG & University of Edinburgh, UK

Prof. Whaler stated that India has been hugely important to IUGG, it has hosted a number of
scientific centres at the association, many Indian scientists and contributors and are
contributing to the business of the Union and its association.
I hope this shows how individual scientists may help IUGG. It also provides a forum for
presenting and discussing research, and she strongly urged all scientists, especially early
career researchers, to join the Union and its associations.
The climatic crisis is upon us, and with it an increase in the frequency and severity of electrical
risks. IUGG scientists and associations address many of these. Many of these are now
cascading or overlapping risks, as shown recently with the Haitian earthquake, and earlier with
communications issues during natural disasters, as witnessed recently with a geomagnetic
storm.

And this shows how important it is for scientists to collaborate to solve these threats. IUGG,
through its associations and possibly other relevant partner organisations, addresses the SDGs
and has significant societal implications beyond them. We must not ignore the importance of
basic science, as evidenced by pandemics, and must be involved in disseminating science.
The IUGG has agreed to participate in the proposed International Year of Basic Sciences and
Technology Development. This will allow us to cooperate with other like-minded organisations,
unions, countries, and organisations to address basic science and illustrate how it can be used
to address concerns of sustainable development.
She said ‘It's a shame it's online, but I'm sure everyone will still benefit from the amazing work
made by the Association, Executives, and local organising team. It's a great conference for the
IUGG Bureau. I'd like to thank everyone engaged in the planning and execution of this meeting
and wish everyone a very successful week.

Vote of Thanks
Dr. V. M. Tiwari Director, CSIR-NGRI & Chairman, Local Organizing
Committee

Dr. Tiwari exchanged greetings with the audience both online and in the auditorium. He
continued ‘We, the CSIR National Geophysical Research Institute, are honoured and privileged
to host the IAGA-IASPEI joint scientific assembly 2021, which will be held in Asia for the first
time in 20 years.
He thanked everyone who has helped make this event a success. This began in 2017 in Kobe,
Japan. This was approved by representatives from over 50 countries after India organised this
assembly under the auspices of the Indian National Science Academy, which is a member of
the International Council for Science. The chairman of the joint scientific assembly, National
Advisory Committee, Dr Rajeevan, the General Secretary of IAGA, and an IASPEI paid a
physical visit to the venue facility in Hyderabad during the Centennial General Assembly of
IUGG in 2019.
Preparation for the physical meeting in February 2020. But, we had to opt for a virtual
conference to keep the pace of growth going. As you all know. Dr Sri Nagesh, Dr Prasanta K.
Patro, Dr Kusumita Arora, Dr Nandan and others from CSIR NGRI have worked relentlessly to
make this happen today. I heartily thank all LOCC members, my CSIR NGRI colleagues, the
Ministry of Earth Sciences, the public, and the Indian delegations (about 150 so far).

Dr. Tiwari appreciated IAGA and IASPEI's support. The programme committee has put together
the entire programme, stretching over two weeks, including the IAGA, and IASPEI schools to
train doctorate students. Workshop GIFT a highly creative workshop, This is geoscience
education for teachers. Teachers from Bangladesh, Nepal, and other neighbouring countries
have participated in this session, and the main conference we are organising begins today.
Today is a really memorable day for us all. In geophysics, the IUGG president, IAGA, IASPEI
Prof. Whalers Professor Mandea and Prof. Satake. Dr. Zadhe, Secretary General of the
International Science Council, virtually flagged this joint assembly. We thank them prof.
Mandea for their kindness. Doctor Rajeevan, Dr Prasanta K. Patro, Dr Kusumita Arora together
with other members of the National Advisory Committee, including our prior director Professor
Harsh Gupta, has led throughout the voyage of recreation. It has been a pleasure to work with
Professor Ashutosh Sharma on this issue, and we feel his constant support. And we thank
them all.
Dr. Tiwari thanked Honorable Minister station ‘We are honoured to have you as our first
function's principal guest. Dr. Jitendra Singhji, Minister for Science, Technology and Earth
Sciences, has taken time out of his busy schedule to meet with us. His gracious presence will
greatly encourage the earth science, and particularly geophysical community, and will have a
long lasting impact on the earth science community with each guidance. You've been
incredibly kind. He also thanked everyone who came, both in person and online. He Wishes for
a very productive meeting next week to all the delegates and attendees.

The Event concluded with everyone raising in pride for the National Anthem.

commenced on 21 August 2021
Welcome, Address to Diamond Jubilee Symposium.
V.M. Tiwari, CSIR-National Geophysical Research Institute, Hyderabad, India

CSIR-NGRI was created in 1961 to conduct basic geoscience research, develop knowledge
bases for sustainable resource use, and improve readiness and resilience to natural
catastrophes. With its dynamic and remarkable contributions, CSIR-NGRI has carved a space
on the global map of geoscience research institutions. CSIR-NGRI researchers have authored
over 100 books, encyclopedias, and over 5000 publications in SCI journals, advancing
geophysics and Earth science subjects. CSIR-NGRI has also taken on a variety of worldwide
research activities in collaboration with various countries through bilateral programs and IUGS,
IUGG, IGCP, IAHS, etc. This conference will commemorate the institute's 60th anniversary and
debate prospective scientific themes for international collaboration in light of global scientific
difficulties.

Isostatic and Density Models of the Indian Lithosphere
CORRESPONDING & PRESENTING AUTHOR:
V.M. Tiwari, CSIR-National Geophysical Research Institute, Hyderabad, India

Terrestrial gravity fields are routinely used to examine Earth's dynamic processes and natural
resources. In the nineteenth century, India began measuring the Earth's gravitational field,
which aided in the formation of Isostasy.
Since its founding, the CSIR-NGRI has included theoretical and observational gravity
investigations in its research program. Their work has helped scientists better comprehend
isostatic models and generate density representations of the subcontinent's continental and
oceanic regions.
India’s gravity maps were published in 1976, with good coverage of gravity observations tied
to the international gravity reference station. Gravity anomalies correlating with major
geotectonic trends were identified, as were gravity anomalies not connecting with surface
geology.
Determination of adequate strength of lithosphere and its geographic variation;
Assessment of stresses owing to density anomalies in the lithosphere;
Emplacement processes of aseismic ridges;
Characterisation of passive continental edges, etc.

Structure of the Indian Lithosphere Research:
Initiatives at the CSIR-National Geophysical
Research Institute
CORRESPONDING & PRESENTING AUTHOR: Vinod K Gaur, CSIR-National
Geophysical Research Institute (NGRI), Hyderabad, India

In the late 1970s, scientists at the National Geophysical Research Institute began studying the
Indian lithosphere. Scientists estimated heat movement across the Indian Moho to discover a
“hotter” upper mantle region in the Indian shield. The Indian lithosphere's stress status was
evaluated using olivine flow models. A broadband seismograph was erected in the Institute's
seismological observatory to answer problems raised by this early research about the origin
and structure of geological provinces.
Using portable analog seismographs, a seismic time delay tomography experiment was
planned to examine the crust and upper mantle structure beneath the Deccan Volcanic
Province. Using tele-seismic receiver functions, body and surface wave tomography, and
shear wave birefringence, the Institute later produced the first image of the elastic structure
beneath the Archaean shield. These studies were conducted in parallel to map the density and
electrical conductivity structure of parts of the Indian lithosphere and deep mantle. Examples of
significant features of the continental Indian lithosphere that reached far into Tibet from the
Karakoram to Lhasa include:

Archean cartons and the Proterozoic Vindyhan basin have a distinct two-layer lithospheric
mantle. The increase in shear velocity from 4.3 km/s below the Moho to > 4.7 km/s at around
100 km depth defies a reasonable geothermal, implying phase shifts and garnet abundance at
depth.
This shows that the Reunion plume and the Indian lithosphere have only a limited regional
connection.
The Himalayan earthquake rupture series results from lateral variations in Indian lithosphere
segmentation beneath the Ganga basin, resulting in a laterally varied and possibly
disconnected decollement.
The talk began with an overview of the NGRI's early lithospheric research, then contribute to
noteworthy results about its structure.

CSIR-NGRI Investigations of the
Seismic Structure of the Indian
Continental Crust: A review
CORRESPONDING & PRESENTING AUTHOR:

M.K. Sen, Former Director, CSIR-National Geophysical Research Institute,
Hyderabad, India, and Institute of Geophysics, the University of Texas at
Austin, USA

This study began in 1972 to understand the evolution of the Indian plate and the accumulation
and placement of natural resources within it. Study areas include Dharwar Craton, Southern
Granulitic Terrain, Deccan Volcanic Province, Central Indian Basin, and Kashmir Himalayan.
We summarise the crustal structure and its consequences here.
The Indian crust comprises three layers ranging in thickness from 28 to 50 kilometers. From
34 to 41 km in thickness, the first crustal research along Kavali–Udipi profi ce offers significant
observations in the Archaean and Proterozoic blocks of Dharwar cratons. These sections show
magmatic under-plating with ancient collision and subduction conditions in the Aravalli, Central
Indian Suture Zone, Dharwar Craton, and Southern Granulite Terrain. The Aravalli region has
the deepest Moho at 50 kilometers.
Aside from their crustal formations, the basins have been intensively searched for
hydrocarbons. The Cambay basin has intra-trapean mesozoics. A Hinz zone and signs of a
mantle plume in the continental region are intriguing findings from the Bengal basin. 1.75 km
thick low-velocity Gondwana layer in Mahanadi basin and 2.8 km sediments in intracontinental Godavari rift basin.

Precambrian crust formation and evolution:
insights from southern India, based on 60 years
of research in Geology, Geochemistry and
Geochronology at CSIR-NGRI
CORRESPONDING & PRESENTING AUTHOR:

Y.J. Bhaskar Rao, CSIR-National Geophysical Research Institute,
Hyderabad, India
What geodynamic processes characterize the Hadean (4.56-4.0 Ga) Earth? Unresolved: when
did plate tectonics begin? Using global datasets on in situ zircon U-Pb ages and Hf-O isotopic
compositions for magmatic and detrital zircons from Precambrian terranes has proven
extremely useful in deciphering large-scale mantle depletion events involving large-scale
extraction of juvenile continental crust and its recycling.
The Archean Dharwar craton (DC) and Archean-Proterozoic Southern Granulite Terrain (SGT)
(south India) geological, geochemical, and geochronological study at CSIR-NGRI is
summarised below. The DC is a 12 km oblique section of low- to medium-grade granitegreenstone terranes divided into the Western Dharwar Craton (WDC) and Eastern Dharwar
Craton (EDC) (EDC). Vertical (sagduction) tectonics defines a portion of the WDC preserving
Paleo-Mesoarchean gneisses and greenstones.
Several Neoarchean crustal zones show evidence of convergent (plate) tectonics. (1) two
significant episodes of juvenile crust accretion utilizing depleted mantle sources at 3.45–3.17
Ga and 2.7–2.5 Ga, with crustal recycling dominating the Mesoarchean record, and (2) clear
evidence for modern-style plate tectonics since 2.7 Ga. The SGT is a mosaic of Archean and
Proterozoic terranes encircled by crustal-scale ductile shear zone systems.
These terranes' charnockite orthogneisses have U-Pb ages of 3.45–3.17, 2.65–2.45, 2.05–
1.84, and 1.0–0.9 Ga, with occurrences of crust reworking and regional granulite facies
metamorphism of 2.50–2.42 and 0.57–0.52 Ga. Subduction, ocean closure, and collision
within a Himalayan scale orogenic belt identified as the East African Orogen within the
Gondwana Supercontinent likely caused the accretion of Archean and Proterozoic terranes
throughout the Palghat-Cauvery Suture zone.

Study of Natural and Triggered Seismicity in the
Indian Peninsula
CORRESPONDING & PRESENTING AUTHOR:

Harsh K. Gupta, National Geophysical Research Institute, India
Setting up a seismological observatory at NGRI in 1967 opened a new chapter in the country's
seismology development. On December 10, 1967, an M6.3 earthquake struck Koyna, just a
day before the observatory's operations began. Indian Reservoir Triggered Studies started as a
result of the WWSSN network recording aftershocks. Later, every earthquake in the Indian
Stable Shield Region (SCR) was recorded and analyzed using the observatory's high-quality
data, which greatly aided field research.
Among these are Godavari Valley (1969), Broach (1970), Latur (1993), Jabalpur (1997), and
Bhuj (2001). By the 1970s, over 20 RTS instances were known. A careful comparison of RTS
earthquake sequences with regular earthquake sequences revealed similar qualities that set
them apart from typical earthquake sequences. These standards are universal. Continued RTS
research at Koyna revealed that Koyna is an appropriate place for illusive near-field earthquake
studies.
For the investigation of earthquakes in the adjacent field, a 3 km deep pilot borehole was
completed in June 2017. This includes the Regional IASPEI Assembly in 1984, the Chapman
Conference on SCR Earthquakes in 1998, the 2nd Asian Seismological Commission Meeting in
1998 and the current IAGA-IASPEI Joint Assembly in 2021. We actively participated in
international initiatives including Geodynamics, Global Stress Map, Global Seismic Hazard
Assessment Program, and others. These investigations were carried out by NGRI scientists in
partnership with national and international organizations. All of these works are represented in
this talk.

Role of Fractals in Seismological Studies:
Initiatives at CSIR NGRI
CORRESPONDING & PRESENTING AUTHOR:

V. P. Dimri, CSIR-National Geophysical Research Institute,
Hyderabad, India
Many of the earth's processes are fractal in nature, where space-time fluctuation patterns of
dynamic systems exhibit a self-similar structure. Examples are earthquake frequency-size
statistics and Earth's magnetic field time series. Large earthquakes are infrequent, although
little earthquakes occur frequently. The earthquake Gutenburg-Richter law is the best example
of fractal distribution. In seismology, Omari's law characterizes the decline of aftershock
activity over time. A fractal dimension can be a fractional number, not necessarily an integer.
The shift in fractal dimension could be an earthquake precursor since it measures the degree
of seismic clustering. Several studies show a drop in fractal dimension before a large quake.
As stated in the last paragraph of the second chapter of “Deconvolution and Inverse Theory
(1992)”, Elsevier, CSIR-NGRI began working on fractals in the early 1990s. A new approach
called “Scaling Spectral Method” was developed and published in top international publications
in the 1990s by NGRI-CSIR. Then came a national symposium on “Application of Fractals in
Geoscience” and an edited volume.
We researched earthquakes in the Himalayan region, particularly in Uttarkashi (1991), Chamoli
(1999), Nepal (2015), and the North East region, as well as Bhuj, Gujarat, Koyna,
Maharashtra, and Latur from the stable continent of India. This research helped predict
earthquakes in a specific seismic zone in India. The fractal theory was then applied to other
geophysical fields.

Geomagnetism: 60 years at CSIR-NGRI
CORRESPONDING & PRESENTING AUTHOR:

Nandini Nagarajan, CSIR-National Geophysical Research Institute,
Hyderabad, India
India's geomagnetic measurements date back over 200 years. NGRI has maintained a
consistent, diverse, and innovative strategy during this period. These studies included
(1) a long and thorough investigation of equatorial magnetic pulsations, long before models of
their generation and propagation were fully understood.
(2) setting up and maintaining continuous monitoring of low latitude and equatorial magnetic
variations
(3)Studies of the dip equator along the Indian peninsula, using induced fluctuations in
magnetometer arrays to identify crustal electromagnetic abnormalities.
To get trustworthy absolute data, equatorial and low latitude instruments, testing, and
modification were developed.
With two INTERMAGNET observatories and remote stations. The Geomagnetic team supports
the INTERMAGNET community as a resource for checking and validation with needed
standards. In this process, the team works closely with foreign groups. Using electromagnetic
induction to constrain off-shore tectonic models and new models of precursory and coseismic electromagnetic signals, the past decade's work has been aligned with institutional
goals.

Paleomagnetism and Electromagnetism at CSIR-NGRI
CORRESPONDING & PRESENTING AUTHOR:

S.K. Verma, CSIR-National Geophysical Research Institute, Hyderabad,
India

Paleomagnetic studies have been an essential part of the CSIR-NGRI research program for
over 60 years. The Paleomagnetic Laboratory has grown from humble beginnings to modern
high sensitivity instrumentation.
Paleomagnetic history of Indian plate migration from the southern hemisphere to present
position indicating how Himalayan arc rotated relative to Indian Peninsula during collision The
lowest dipole moment in the Cretaceous occurred during the end-Cretaceous Deccan eruption,
and the mean pole position of various vertical Deccan Trap sequences implies a drift of the
Indian plate of about 24° during the period covered by Deccan trap activity.
From Permo- Carboniferous to Lower Cretaceous polar wandering curve for India using
Rajmahal and Sylhet Traps 4. Based on paleomagnetic poles from six precisely-dated dyke
swarms, the Dharwar craton drifted swiftly between 2216 and 2207 Ma, suggesting that
substantial tectonic activity such as the breakup of a supercontinent at 2.2 Ga may have been
responsible for rapid drift.
The laboratory's new facilities allow it to tackle difficulties in the growing fields of
Environmental magnetism, Paleointensity, Archeointensity, and Paleoclimate.

Since the CSIR-inception, NGRI's electromagnetic research has thrived. Electronic Exploration
has been the focus of many research programs due to its broad applicability at many scales.
Enhancement of a target's EM response in a conducting environment
Fundamental contribution to quantifying ‘Depth of Investigation (DOI)' using Sensitivity
Function behavior, giving the theoretical basis for modern aerial EM surveys.
The phenomenon of response separation in Time Domain EM approaches is fundamental to
subsurface conductivity imaging algorithms.
Joint inversion of EM (MT) and seismic data to improve the resolution of low-velocity layers.
CSIR-NGRI also produced world-class EM instruments, including
1) Total field (Bz) measuring airborne Time Domain EM (ATEM) system,
2) Ground TEM system delivering Bz measurements at configurable time range, both of which
are world firsts. Other research initiatives included laboratory and field tests. EM laboratory
simulation experiments also led to the invention of the ‘Null Method', which involves putting the
receiver at a site with no primary field contribution. In addition to sulfide minerals, the institute
has conducted EM exploration for diamonds (kimberlites), water, and other valuable resources.
Sedimentary basins, cratonic structures, and Himalayan subduction have all been studied by
our Magneto-telluric (MT) team.
This includes regional HTEM surveys for atomic minerals and aquifer mapping in water-scarce
areas. The institute has also started specific HTEM examinations for railway tunnels, mountain
routes, urban development, and water supply.
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