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PREFACE

IASPEI are meeting the 3rd time for a Joint Scientific Assembly. Initial efforts for
the planning of the IAGA-IASPEI Joint Scientific Assembly 2021, to be held at
Hyderabad, hosted by CSIR-NGRI and INSA (the National Adhering body of TUGG)
started as eatly as 2019 during the IUGG General Assembly at Montréal, Canada. In
February of 2020, the General Secretaries of IAGA and IASPEI made a physical tour of
the venue, accommodation, entertainment and transport facilities in Hyderabad to optimize

ﬁ fter 1969 in Madrid and 2001 in Vietnam, the two IUGG Associations IAGA and

arrangements for delegates, who would attend the conference in August 2021.

These preparations came to a grinding halt when the global pandemic situation started
spreading like wildfire from March 2020. It was only in the second half of the year that
the decision to not postpone the Joint Assembly, but rather turn it into a virtual one, could
be taken. The re-oriented preparations started in earnest again from October 2020. After
hundreds of meetings and long days of work, we are now ready for the virtual conference,
which will spread over 21 — 27 August, 2021. The 5th IAGA and 1st IASPEI Schools and the
GIFT Workshop precede it, the week before. 30 doctoral students will be attending each of
the Schools, and more than 50 school teachers will be trained in recent developments in the
Earth systems from India and neighboring countries in the GIFT Workshop.

827 scientists and researchers have registered for the conference. 778 abstracts were submitted
for presentations during the 53 symposia: 8 Joint symposia, 1 Diamond Jubilee symposium
commemorating 60 years of CSIR-NGRI, 27 TAGA symposia and 17 IASPEI symposia,
including one from the Asian Seismological Commission (ASC). A major advantage of
organizing a joint Assembly is of course the opportunity for interdisciplinary discussion and
exchange of research results. Therefore, we are in particular emphasizing that ~20% of all
contributions has been submitted to the Joint Symposia.

The 217 poster and 562 oral contributions including 121 invited talks will be presented in
virtual mode from all over the world, making optimum time scheduling a big challenge.
Three Plenary lectures on topics of interest both for IAGA and IASPEI are scheduled.
The Inaugural and Valedictory sessions include participation of policy makers from the
Government of India, who will receive a glimpse of the science and its application for
human society, which is being deliberated during the conference.

The Scientific Programme Committee has worked hard to balance the parameters of
world time zones, overlap of sessions and themes, and preferences of conveners, who
have so carefully structured their symposia. Business Meetings, Poster Halls slots had to be
accommodated to come up with a best compromise. The journey of transitioning into this
new mode has been one of many challenges and learning opportunities. We hope that all
delegates make the best of the congregation through virtual sharing of science and casual
chats. Virtual conferences are here to stay but we also look forward to meeting each other in
person on another scientific occasion.

Scientific Programme Committee
Kusumita Arora (Chair), Monika Korte, Johannes Schweitzer,
Harsh K Gupta, Archana Bhattacharyya, Prakash Kumar
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Plenary 1

India: A journey in time and space

Trond H. Torsvik
Centre for Earth Evolution and Dynamics (CEED), University of Oslo, 0315 Oslo, Norway

India’s journey in time and space can be described in variable detail for the past one billion
years. It was once located along the western margin of the Rodinia supercontinent but break-up
details and the Late Neoproterozoic-Cambrian formation of Gondwana is complicated by the fact
that paleomagnetic data exhibit aberrant and unresolved behavior between 600 and 520 Ma.
India was located along the margin of Gondwana and later Pangea together with several Tibetan
terranes that drifted off India in the Permian but mysteriously joined again in the end-Cenozoic.
But long before that time, Madagascar-Seychelles-India drifted off Africa at 170 Ma, probably
triggered by a deep plume sourcing the Karoo large igneous province (LIP). A younger 90 Myr
Madagascar LIP heralded the separation of India-Seychelles from Madagascar at 84 Ma. That
spearheaded a northward-directed acceleration of India until 60 Ma and shortly after the Deccan
Traps, which separated Seychelles from India. The India-Asia collision is traditionally assumed
to have happened in the Early Eocene but all plate reconstructions put India too far south of Asia
at that time. This has resulted in plentiful models where India is extended northward in order to
be adjacent to Asia by the Early Eocene. Some therefore maintain that the Himalayan Orogeny
is best divided into two phases, a first phase of collision of a microcontinent to the north of India
at 50 Ma, and a second and more substantial India-Asia collision, starting at 25-20 Ma and which
has continued until present day.

Plenary 2

Role of core-mantle interaction in the geodynamo

Binod Sreenivasan
Centre for Earth Sciences, Indian Institute of Science, Bangalore, India

The Earth’s magnetic field is generated by a dynamo in its fluid outer core, which convects in
response to non-uniform heat flow imposed by the mantle. Several observations point to lower-
mantle effects on the geodynamo: the high-latitude concentrations of magnetic flux that make
up the main dipole field have been found to be relatively stable during the historical period,
changes in the frequency of polarity reversals may be correlated to changes in the heat flux at
the core-mantle boundary (CMB), and secular variation in the Pacific is weak. Numerical dynamo
simulations and laboraory experiments have provided insights into the response of the Earth’s
field to the inhomogeneity in CMB heat flux. Recent studies indicate that a large variation in CMB
heat flux would result in an east-west dichotomy in core convection. This might in turn contribute
to the seismic anisotropy of the inner core. In this talk, | shall focus on the role of thermal core-
mantle coupling in the geodynamo.
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Plenary 3

Seismic structures near the core-mantle boundary

Christine Thomas
Institut fir Geophysik Westfalische Wilhelms Universitat Miinster

In recent years, seismology has provided increasingly detailed images of the interior of the Earth,
especially since the onset of the deployment of temporary seismic arrays: Seismic tomography
has revealed that some slabs descend into the lower mantle while others seem to stagnate at
the mantle transition zone and hot upwellings also seem to show complex behaviour. Topography
of seismic discontinuities can provide information the dynamics of the mantle but also on the
mineralogy of the Earth’s mantle. The region deep in the Earth, the D” layer (the lowest 200-
400 km of the Earth’s mantle) and core-mantle boundary region, has been studied extensively,
revealing more and more complex features for which several hypotheses to explain them have
been brought forward. The observed structures in the D” region and the lowermost mantle could for
example be partly due to the post-perovskite phase transition but other causes are still discussed
while the origin of the large low seismic velocity regions (LLSVP) is still debated. The presence of
anisotropy, ultra-low velocity regions as well as scatterers may also shed more light on mineralogy
and dynamics of the mantle. Other interesting observations include the topography of the core-
mantle boundary and possible detections a layer just beneath the core-mantle boundary. In this
presentation we will review some of these observations from above and below the core-mantle
boundary region and their connection to dynamics and mineralogy of the Earth’s mantle and core.
The different hypotheses for causing these structure will be discussed and compared to seismic
observations including as much information of the seismic waves as possible.

IAGA-IASPEI 2021 |9



Joint IAGA IASPEI Symposia

J1 Earth and planetary core structure
and evolution from observations and
modelling

CONVENERS: Christopher Davies
Swarandeep Sahoo
Kimberly Moore
Christine Thomas

Recent advances in the theory and observation of planetary cores is providing
profound insight into these remote and enigmatic regions. The Juno and
Cassini missions have revealed the properties of Jupiter’'s magnetic and gravity
fields in unprecedented detail, while results from forthcoming missions such
as BepiColombo and InSight promise a step change in our knowledge of the
interior structure and dynamics of terrestrial bodies within our solar system.
Complementary theoretical developments have advanced our understanding
of nucleation and crystallization of solids within planetary cores and how these
processes influence the generation of global magnetic fields over geological
timescales. Numerical simulations of the dynamo process are pushing towards
the extreme conditions of rapidly rotating magnetic turbulence that are thought to
characterize many planetary cores, promising new insights into the field generation
process and the origin of observed magnetic secular variation. On Earth, novel
seismic data processing techniques are being combined with vast datasets to
illuminate core-mantle interactions and anomalous structures in the liquid and
solid cores, while mineral physics calculations and experiments are now capable
of estimating transport properties at the extreme pressure-temperature conditions
of the core-mantle boundary. Observations of Earth’s magnetic field magnitude
and its secular variation have been used to infer various physical processes such
as core flow patterns, inner core growth, thermal and compositional evolution of
the core, and their fundamental origin.

This session focuses on recent cutting-edge and interdisciplinary activities that
advance our understanding of Earth and planetary core structure, dynamics
and evolution. We invite submissions from disciplines including, but not limited

to: Earth and planetary chemistry, core dynamics, magnetism, mineral physics,
seismology, planetary science, and geodesy.
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SYMPOSIUM : J1 Earth and planetary core structure and evolution from
observations and modelling

Our Planet deep interior — a view from the magnetic, gravity and
the Earth’s rotation observations

CORRESPONDING & PRESENTING AUTHOR:

Mioara Mandea, CNES - Centre National d’Etudes Spatiales, France
Anny Cazenave, CNES - Centre National d’'Etudes Spatiales, France
Veronique Dehant, Royal Observatory Belgium, Belgium

Anne Barnoud, Magellium, France

llya Firsov, Université Grenoble Alpes — ISTerre, France

Felix Gerick, Royal Observatory Belgium, Belgium

Julia Pfeffer, Magellium, France

Jeremy Rekier, Royal Observatory Belgium, Belgium

Tobias Schwaiger, Université Grenoble Alpes — ISTerre, France
Santiago Andreas Triana, Royal Observatory Belgium, Belgium

Ping Zhu, Royal Observatory Belgium, Belgium

The deep Earth’s interior processes, particularly at the core-mantle boundary and in the fluid
outer core, are described by indirect observations available from ground and satellite. Invaluable
information about the core flow on their own are obtained from magnetic, gravity and Earth’s
rotation data. The idea to exploit all this information together is appealing and is the core of the
GRACEFUL project.

The time dependent magnetic field, originating mainly within the core, can be used to infer the
motions of the fluid at the top of the core on decadal and subdecadal time scales. The time
dependent gravity field variations that reflect changes in the mass distribution within the Earth and
atits surface occur on a broad range of time scales. Decadal and interannual variations include the
signature of the flow inside the core, though they are largely dominated by surface contributions
related to the global water cycle and climate-driven land ice loss. Earth’s rotation changes (or
variations in the length of the day) also occur on these time scales, and are essentially related to
the core fluid motions through exchange of angular momentum between the core and the mantle
at the core-mantle boundary.

Here, we present the first results obtained in the frame of the GRACEFUL ERC project, which
aims to combine information about the core deduced from the gravity field, from the magnetic field
and from the Earth’s rotation in a synergy manner.

KEYWORDS : satellite magnetic and gravity data, earth’s rotation, core-mantle boundary
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SYMPOSIUM : J1 Earth and planetary core structure and evolution from
observations and modelling

Do preferred structures in paleomagnetic field reconstructions
indicate mantle control on the geodynamo?

CORRESPONDING & PRESENTING AUTHOR:

Monika Korte, GFZ German Research Center for Geosciences, Germany
Catherine Constable, University of California San Diego, USA

Chris Davies, University of Leeds, UK

Sanja Panovska, GFZ German Research Center for Geosciences, Germany

Several continuous global geomagnetic field reconstructions spanning up to 100 kyr have been
developed in recent years based on paleomagnetic data from sediment cores and volcanic rocks.
They indicate preferred longitudinal bands for intensity minima and for virtual geomagnetic pole
(VGP) paths during field excursions. Recurring and/or persistent magnetic field structures have
long been discussed as potential indications of mantle control on the geodynamo process in
Earth’s outer core. Preferred longitudinal structures in geomagnetic field characteristics might
arise from laterally-varying heat flow through the core-mantle boundary (CMB), as inferred by
seismic tomography and global mantle circulation models. Using paleomagnetic field models we
investigate statistics associated with magnetic field properties like VGPs and intensity minima
that might be indicative of mantle control on the geodynamo. Preliminary results indicate some
correlations with models of seismic velocity and heat flow distribution in the lowermost mantle.
We also analysis a suite of geodynamo simulations with both homogeneous and laterally-varying
CMB heat flow, which allow a full exploration of potential biases arising from limited spatial and
temporal resolution in paleofield models. Preliminary results seem to generally support the
hypothesis of CMB heat flow heterogeneities influencing the geodynamo process.

KEYWORDS : geodynamo, core-mantle boundary, heat flow heterogeneity

SYMPOSIUM : J1 Earth and planetary core structure and evolution from
observations and modelling

The seismic signal of outermost-core stratification (by invitation)

CORRESPONDING & PRESENTING AUTHOR:

Runa Van Tent, Utrecht University, Netherland
Arwen Deuss, Utrecht University, Netharland
Satoshi Kaneshima, Kyushu University, Japan
Christine Thomas, University of Minster, Germany

The presence of a buoyant, stably stratified layer at the top of Earth’s liquid outer core, which is
otherwise considered to be approximately homogeneous, would change our understanding of
outer-core dynamics. The presence of such a layer has been proposed by seismological studies
that use SmKS differential travel times to image seismic outermost-core velocity, finding that
the outermost core is anomalously slow and that a change in composition is needed to explain
the found velocity profile. However, the enrichment in light elements that is required to create
buoyant compositional stratification is generally expected to increase, not decrease, seismic
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velocity. Independent seismic data, Earth’s normal modes, have been shown to support the
observations of a low-velocity outermost core (Irving et al. 2018), while still being consistent with
a homogeneous outer-core composition. An important factor of uncertainty for both data types is
the trade-off between the effects of outermost-core structure and lowermost-mantle structure on
the data. Here, we assess these trade-offs and determine the robustness of the observed low
outermost-core velocities. We find that even though mantle effects are significant, they cannot
explain the combined observations from both data types, meaning that a low-velocity outermost
core is still required. We also show that measurements of additional normal modes that are
particularly sensitive to density need a relatively dense outermost core, which is inconsistent with
the presence of buoyant stratification. Finally, we complement our modeling results by performing
an inversion on a large normal-mode dataset for mantle and outer-core structure simultaneously.

KEYWORDS : outer core, seismology

SYMPOSIUM : J1 Earth and planetary core structure and evolution from
observations and modelling

Earth’s Outer Core Constrained by the Coda Correlation Wavefield

CORRESPONDING & PRESENTING AUTHOR:

Xiaolong Ma, Australian National University, Australia
Hrvoje Tkalcic, Australian National University, Australia

Abstract : Increasing seismic evidence has suggested that the top of the Earth’s outer core has
a layer of a P-wave gradient distinct from the bulk of the outer core. This layer could indicate a
stable stratification below the core-mantle boundary (CMB) and is essential for understanding
the geodynamo and thermochemical interactions between the mantle and core. However, a
consistent globally-averaged radial structure of the outermost core has not been obtained due
to incomplete coverage of sampling body waves. Here we increase constraints on the seismic
structures of Earth’s outermost core based on a new concept, termed earthquake-coda correlation
wavefield. We construct the observed global correlogram (correlation wavefield) by stacking
cross-correlations of the long-duration coda waves (3-9 hours after the event origin time) from
ten large earthquakes. The correlogram displays many prominent correlation features that can
be used to constrain the outer core structure. We fit both travel times and waveforms of these
features by computing synthetic correlograms through different outer-core models. Our results
show that Preliminary Reference Earth Model (PREM) displays a too fast P-wave velocity profile
in the top of the outer core. Finally, we propose a new outer-core model, which provides an
optimal representation of the correlation features in the coda wavefield and informs dynamics of
the outer core.

KEYWORDS : outer core, coda correlation wavefield, body waves
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SYMPOSIUM : J1 Earth and planetary core structure and evolution from
observations and modelling

Observations of Multiple Podal & Antipodal Reverberations on
Dense Seismic Networks

CORRESPONDING & PRESENTING AUTHOR:

Thanh Son Pham, Australian National University, Australia
Hrvoje Tkalcic, Australian National University, Australia

Stacking waveforms recorded by a dense seismic network is a standard method to boost the
observation of weak signals, which are otherwise unobservable on individual seismograms. Here
we present observations of “exotic seismic phases” in global seismic stacks — PKIKP multiples,
which are compressional waves propagating within confined corridors along the Earth’s diameter,
including its solid inner core, up to five passages. These arrivals are referred to as PKIKP1,
PKIKP2, etc., with the last digit indicating the number of passages through the bulk of the Earth.
We make these observations on dense arrays at a continental scale and the relatively long-period
broadband for specific large earthquakes. We calculate the residuals of differential travel time
of PKIKP multiple pairs simultaneously observed, such as PKIKP4—-PKIKP2 at small epicentral
distances or PKIKP3-PKIKP1 at near antipodal distances. The optimal cylindrical-anisotropy
model, which fits the residual measurements, reveals ~2.5% anisotropy for the innermost inner
core with a pronounced slow axis residing at ~50° relative to the Earth’s rotation axis. These
are entirely new, complementary constraints on the centermost part of Earth’s inner core to
the existing methods that employ relatively high-frequency body waves and low-frequency free
oscillations of the Earth.

KEYWORDS : body wave; inner core; exotic observation

SYMPOSIUM : J1 Earth and planetary core structure and evolution from
observations and modelling

Possible detection of a stratified layer at the core surface from a
geomagnetic field model

CORRESPONDING & PRESENTING AUTHOR:
Masaki Matsushima, Tokyo Institute of Technology, Japan

There is a possibility that a stably stratified layer at the top of the Earth’s outer core is present as
suggested by recent seismic studies. Upwelling and downwelling flows in the stratified layer would
not be present just below the core-mantle boundary (CMB). This means that only toroidal flows
contribute to temporal changes in the geomagnetic field. Such fluid flows can be estimated from
a geomagnetic field model. In a viscous boundary layer below the CMB, not only the motional
induction but also the magnetic diffusion inside the boundary layer are assumed to cause temporal
variations of the geomagnetic field. Core surface flows below the boundary layer are assumed to
be in the tangentially magnetostrophic state.
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To estimate a core surface flow, depths from the core surface are provided as parameters; one
is taken to be less than the thickness of the boundary layer, and the other be larger than the
thickness of the boundary layer. Therefore, it might be possible to investigate the existence of
a stably stratified layer at the top of the core in the following way. In case 1, only the toroidal
flow is allowed inside the stratified layer, while in case 2, both the toroidal and poloidal flows are
permitted there. Correlation coefficients and misfits between a temporal variation of the magnetic
field obtained from a geomagnetic field model and that due to core surface flows in cases 1 and 2
are compared with each other. The result provides information on the stratified layer.

KEYWORDS : core surface flow, stratified layer, geomagnetic field

SYMPOSIUM : J1 Earth and planetary core structure and evolution from
observations and modelling

Formation of vortices and jet streams in 3D spherical shell
convection simulations (by invitation)

CORRESPONDING & PRESENTING AUTHOR:
Rakesh Yadav, Harvard University, USA

Jeremy Bloxham, Harvard University, USA

Moritz Heimpel, University of Alberta, Canada

Decades of observations have painted a rich picture of the atmosphere of Saturn and Jupiter. Both
planets have jet streams which circulate unabated around the entire planet, along with numerous
storms which could be even larger than the Earth. All these features are striking examples of
turbulent self-organization of fluid flows. However, the exact physics behind the formation of these
features is still uncertain. Using three simulation cases, | will discuss how rotating convection
may form such features: The first simulation shows how rotating convection spontaneously forms
jet streams with polygonal shapes, helping to shed light on how Saturn’s famous hexagonal jet
forms; The second generates several alternating jet streams, as well as numerous storms, similar
to what we see on Jupiter; And, the third demonstrates how gigantic storms may form on these
planets. | will discuss what we can learn from these cases about the fluid dynamics of Saturn and
Jupiter.

KEYWORDS : planetary interior, convection, vortices

SYMPOSIUM : J1 Earth and planetary core structure and evolution from
observations and modelling

Earth and planetary core structure and evolution from
observations and modelling

CORRESPONDING & PRESENTING AUTHOR:
Daniel Frost, University of California, Berkeley, USA

Marine Lasbleis, Université de Nantes, France

Brian Chandler, University of California, Berkeley, USA
Barbara Romanowicz, University of California, Berkeley, USA
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Progressive crystallisation of Earth’s inner core drives convection in the outer core and
magnetic field generation. Determining the rate and pattern of inner core growth is thus crucial
to understanding the evolution of the geodynamo. The growth history of the inner core is likely
recorded in the distribution and strength of its seismic anisotropy, which arises from deformation
texturing constrained by conditions at the inner-core solid-fluid boundary.

Here we show from analysis of seismic body wave travel times (PKP) that the strength of seismic
anisotropy increases with depth within the inner core, and the strongest anisotropy is offset from
Earth’s rotation axis into the western hemisphere. Then, using geodynamic growth models and
mineral physics calculations, we simulate the development of inner core anisotropy in a self-
consistent manner. We model a range of differential inner core growth rates between the equator
and the pole, and a range of asymmetrical growth rates. We test several phases of iron and several
iron alloys. From this we find that an inner core composed of hexagonally close-packed iron-
nickel alloy, deformed by a combination of preferential equatorial growth and slow translation, can
match the seismic observations without requiring hemispheres with sharp boundaries. Our model
of inner core growth history is compatible with external constraints from outer core dynamics, and
supports arguments for a relatively young inner core (~0.5-1.5 Ga) and a viscosity >10'"® Pa-s.

KEYWORDS : inner core, seismology, geodynamics

SYMPOSIUM : J1 Earth and planetary core structure and evolution from
observations and modelling

Three Stories about the Core of Venus: Implications for our Solar
System and Exoplanets (by invitation)

CORRESPONDING & PRESENTING AUTHOR:
Joseph Orourke, Arizona State University, USA

Venus and Earth are nearly the same size and are thought to have the same bulk composition.
However, Earth’s dynamo has existed for billions of years, while Venus has no strong, internally
generated magnetic field today. Here | will present three different stories for the absence of a
dynamo in Venus—all of which are plausible given our vastignorance about its interior. Discovering
which of these three stories is true would provide a key constraint on our models of the accretion
and evolution of rocky planets in our Solar System (Earth and Venus) and beyond (Earth- and
Venus-like exoplanets). First, Venus may have experienced a “gentle” accretion that preserved
chemical stratification in its core, which always prevented dynamo-generating convection.
Second, the cores of Venus and Earth might have identical structures and compositions—but
relatively slow cooling of the mantle of Venus leads to sub-critical heat flow out of its core. Finally,
Venus could have a thick layer of molten silicates (a basal magma ocean) at the bottom of its
mantle, which acts as a giant thermal blanket that smothers any chances for a dynamo in the
core. Remarkably, each of these stories also make distinct predictions about the fractions and
types of rocky exoplanets that will host strong magnetospheres. | will explain how we can test
these three stories over the next few decades with both astronomical observations and spacecraft
missions to Venus.

KEYWORDS : venus, exoplanets, evolution
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Sr No: 10

SYMPOSIUM : J1 Earth and planetary core structure and evolution from observations and
modelling

Penetrative convection in the Earth’s outer core with thermal
core-mantle coupling

PRESENTING AUTHOR:
Susmita Garai, Indian Institute of Technology (Indian School of Mines) Dhanbad, India

CORRESPONDING AUTHOR:
Swarandeep Sahoo, Indian Institute of Technology (Indian School of Mines) Dhanbad, India

The heat transfer in the Earth’s fluid core is a superadiabatic process. Near the lower mantle, the
reduced heat loss or local transfer of heat from the mantle to the core may produce a subadiabatic
geothermal gradient which is responsible for developing stably-stratified layers beneath the core-
mantle boundary (CMB) as a consequence of accumulation of heat in this zone. In this study,
thermal convection between a pair of infinite horizontal isothermal plates is used to model Earth’s
core convection with stably-stratified layers at its top. A linear stability analysis of this model shows
a global stratification with the flow penetrating the stable layers from the unstable fluid regions at
the bottom. Such penetration becomes robust for rapid rotation with strong stratification. Finally,
a much realistic scenario for the CMB region is considered by imposing thermal heterogeneity in
the upper boundary to mimic thermal core-mantle coupling. The effect of this coupling on the flow
with and without the stably-stratified layers shows that the thermal heterogeneity together with
rapid rotation gives rise to travelling waves with the thermal wind breaking the symmetry of the
convective rolls.

KEYWORDS : penetrative convection, thermal core-mantle coupling
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Topographic effects at the core-mantle boundary
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Associated with the nutation of the Earth’s axis of rotation, there is a quasi-diurnal differential
rotation between the outer core and the mantle. This motion provides a core-mantle coupling
indirectly inferred from nutation observations. However, the current models of coupling can not
fully explain these data. The solution could possibly come from a topographic pressure force that
applies to the boundary when a stratified and magnetized fluid flows over a bumpy core-mantle
boundary.

We develop alocal model in the continuity of the recent works of Glane and Buffett (2018) and Jault
(2020). Our code ToCCo, relying on symbolic computation and arbitrary precision, is designed to
extend the calculations to orders of Taylor series greater than a linearization, which is commonly
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done in this kind of study. This allows us to better constrain the domain of applicability of the
results presented in the literature. At this point, we can take into account simultaneously rotation,
magnetic field, and stratification to compute the boundary pressure torque. Thus, we can evaluate
this coupling over a large panel of parameters and boundary conditions: from core conditions
with a conducting mantle, to the ocean and atmosphere situations. Our code is therefore able to
reproduce recent studies but also to explore new cases of interest.

This work is funded by the European Research Council (ERC) under the European Union’s
Horizon 2020 programme (THEIA project, grant No. 847433).
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Jault, D. (2020). Geophysical Journal International, 221(2):951-967.
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Magnetic boundary layers in numerical dynamos with
heterogeneous outer boundary heat flux
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Magnetic flux expulsion due to outer core fluid upwellings may affect the geomagnetic SV on the
CMB. In this process intense horizontal field lines are concentrated below the outer boundary,
introducing small radial length scales and consequently strong radial diffusion. We explore such
magnetic boundary layers in numerical dynamo simulations with heterogeneous outer boundary
heat flux inferred from a tomographic model of lower mantle seismic shear waves velocity
anomalies. Our scheme associates magnetic boundary layers to peak horizontal magnetic
fields at the top of the shell. In our models mean magnetic boundary layer thickness ranges
=200 - 400 km and decreases with increasing Rm. Extrapolation or interpolation to Earth’s core
conditions based on total core flow amplitude or its poloidal part gives mean magnetic boundary
layer thickness of =220 and =260 — 330 km, respectively. We find magnetic boundary layers
associated with the azimuthal field at the equatorial region, whereas layers associated with the
meridional field are found at mid latitudes. Negative outer boundary heat flux anomalies yield
preferred locations of expulsion of azimuthal field below Africa and the Pacific, while positive outer
boundary heat flux anomalies yield preferred locations of expulsion of meridional field below the
Americas and East Asia. Furthermore, we find a tendency of the azimuthal field to low latitudes
of the Northern Hemisphere. Our results suggest that the local diffusion time is on the order of
several kyr and the local magnetic Reynolds number is on the order of =10, both much smaller
than classical estimates.

KEYWORDS : local diffusion time scale, magnetic boundary layer, reversed flux patches
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J2 Application of geophysical studies
for understanding lithospheric structure
and properties

CONVENERS: Jerome Dyment
Vincent Lesur
Munukutla Radhakrishna
Anand. P. Singh

The main objective of the session is to bring together researchers specialized
in geophysical studies, both in potential fields (involving terrestrial, marine,
airborne and satellite-based datasets) and in seismology, to present and discuss
their new results related to the crustal and lithospheric structure, properties,
and geodynamic evolution in both the continental and oceanic realms. Papers
involved in regional investigations and/or the development of new methodologies
are therefore encouraged.

Considering the original meeting location and host, a special emphasis will be
given to the Indian Plate. The plate is bounded by a collision boundary along
the Himalayan arc, an active subduction along the Indonesian arc, and a slow to
intermediate spreading center along the Carlsberg, Central and Southeast Indian
ridges. It comprises of the continental lithosphere of the Indian subcontinent
made of an assemblage of several cratons and mobile belts, and the oceanic
lithosphere of the northern Indian Ocean. The passive margins of the Indian
subcontinent acted as huge sediment depocenters and provide valuable clues on
the Himalayan orogeny as well as the ongoing deformation within the Indian plate.
A deeper understanding of the continental lithosphere sheds light on the early
crust formation as well as the evolution of sub-continental lithospheric mantle.
Potential fields and seismology provide images that can be used to delineate
lithospheric structures at different spatial scales and, in turn, geodynamic
evolution models at different temporal scales.
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Decreasing magnetization of oceanic crust in subduction zones:
a global appraisal
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Seafloor spreading magnetic anomalies of oceanic plates progressively decay and disappear
when approaching and entering subduction. Previous studies focused on the Japan Trench
showed that before subduction, the flexure of the oceanic lithosphere opens normal faults and
rejuvenates hydrothermal circulation which results in the alteration of magnetic minerals. After
subduction, thermal demagnetization affects the magnetic minerals of the oceanic crust when the
increasing temperature of the subducting slab pass their Curie temperature. No other subduction
zone was investigated so far. Here we study the evolution of magnetic anomalies in five subduction
zones. The major observed differences are controlled by the age of the lithosphere and related
physical properties. Before subduction, magnetic anomalies of the old oceanic lithosphere show
a significant decay (20-30%) related to alteration whereas those of the young lithosphere at the
Cascadia subduction zone display no such decay as a consequence of negligible flexure on the
young Juan de Fuca plate. After subduction, the magnetic anomalies of the subducting plate show
a rapid decay reflecting the thermal demagnetization of extrusive basalt, amounting for 30-40% in
the old oceanic lithosphere and more than 70% in the young lithosphere of Cascadia. Beyond the
complete thermal demagnetization of extrusive basalt, about 40% of the magnetization remains
in the old lithosphere and less than 20% in the young lithosphere of Cascadia.

KEYWORDS : subduction zone, magnetic anomaly, curie temperature
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Study of geological structures is essential in the field of mineral and hydrocarbon exploration as
these structures contribute in concentrating mineral deposit and also form hydrocarbon traps.
Generally, geophysical data are used to characterize the basement details, and two and three
dimensional distribution of deep seated structures. Some of these structures may have surface
imprints which can also be mapped from the satellite imagery. In this study, we have processed
EIGEN-6C4 satellite gravity data based on implementing Total Horizontal Derivative (THD) to
delineate geological structures in the Cambay area, which have subsurface extension. Also, we
have processed ASTER multispectral data by implementing the different edge enhancement

IAGA-IASPEI 2021 | 20



techniques such as high pass, Laplacian, and Directional filters and principal component analysis
to identify the possible imprints of the geological structures in the satellite image. An attempt has
been made to identify important geological structures using satellite gravity data and relate them
with the structures that are delineated using ASTER data. The structures which are deep-seated
and cutting across the trap rock and also have surface expression could be regarded as the
important micro seepage zones; we identified few structures of similar significance in the study area.

KEYWORDS : lineaments, aster, satellite gravity
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A new approach via drone magnetometry for chromite exploration
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The Ophiolite originated from the southern margin of the persian Gulf is a larg slab of oceanic
crust, made of volcanic and ultramafic rocks connected to the earth’s upper mantle, which was
overthrust onto a continental crust. Following this, geophysical survey over a harsh topography
like the one selected for investigation is not convenient for routine in-situ data aquisition, therfore,
we have employed a drone system carrying a GEM magnetometer. the aquired data was
processed in 3 different steps: 1-ordinary corrections of magnetic data including geomagnetism,
elevation, topography, reduction to pole (RTP), etc. 2- background/flight magnetic noise removal,
slope correction, and 3- advanced process which has been tested on synthetic models, to
detect presence of podiform and vein types of chromite. Going through the processing steps,
after applying basic corrections, we used a separation of potential field anomalies using upward
continuation, vertical derivative methods, and RTP. Morover, to calibrate our results, we applied
the whole process on a known chromite deposit in the site where satisfying results were found.
Field/drilling results on high/low potential areas in this study, confirmed the location of chromite
deposits and indicate that the low susceptibility contrast between chromite and surrounding rocks
is distinguishable. Building on this, the outcomes suggest that current geophysical mapping
system (drone-based magnetic set-up) and utilizing special processing methods, is a feasible
option to find small podiform or tabular lens body of chromite resources in harsh topographical
places flying at low elevation (<70 m above the ground)

KEYWORDS : drone magnetometry, chromite, ophiolite mineralization
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Evolution of the Western Ghats: Constraints from receiver
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Ravi Kumar M, CSIR-National Geophysical Research Institute, India

The Western Ghats (WG), with an average elevation of ~1.2 km, is one of the greatest
escarpments that spans ~1500 km parallel to the west coast of India. It is a mosaic of disparate
geological formations having distinct structural and physical characteristics. In this study, the
lithospheric structure and deformation along and across the WG are investigated using receiver
functions (RFs) at 25 broadband seismological stations. Techniques like slant-stacking, common-
conversion-point imaging and harmonic-decomposition are applied to the RFs. Results reveal a
large crustal thickness of ~50 km in the central part of the WG, which decreases to ~36 km both
in the southern and northern parts, in conformity with the geology. Moreover, a clear step in the
Moho is observed across the WG, with the depths suddenly changing from ~39 km to ~44 km.
This marks a clear transition from the Granulites to the Peninsular Gneisses. Further, the RFs
reveal a strong low-velocity layer (LVL) along the WG, just below the Moho. This observation
gains support from the inference of a sub-Moho low-density zone underneath the west coast of
India. Harmonic decomposition of the RFs reveals that this LVL is anisotropic, while the Moho is
dipping. The fast axis of symmetry varies from 58.1° to 134.3°, almost perpendicular to the west
coast of India. These LVLs could have been formed due to different rifting episodes along the
west coast of India since LVLs are manifestations of thermal/chemical anomalies. These results
support the rifting model proposed for the evolution of WG.

KEYWORDS : western ghats, LVL, rifting
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Surface wave tomography reveals a new mechanism for the fast
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Prior to its collision with Eurasia, the Indian plate accelerated northwards (~80Ma ago) at
unprecedented speeds of ~18 cm/year (peak around 65Ma ago). It maintained this speed for
another 20Ma and slowed down to 5cm/year after the continent-continent collision. The cause for
this anomalous drift of the Indian continental plate is still elusive. Although simulations invoking
a double subduction system have been able to generate twice the rate of the present-day Indian
plate motion and its average speed during the fast drift, they fail to explain the very high rate of
~18 cm/year. Another study based on magnetic anomalies on the Indian ocean floor advocates
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that the Indian plate accelerated when the La Réunion plume torched its base and came up to
the surface, the upwelling of mantle plume providing additional momentum. This push will be
most effective in the presence of a stiff, rigid support in front of the plume. Such a feature, in
terms of a deep cratonic keel (down to 250km) in the direction of the Indian plate motion, has
been discovered recently from the results of 3D-seismic tomography. The role of the interaction
between the plume head and the cratonic keel in the fast drift of the Indian plate cannot be
ignored. We propose that ~65Ma ago, significant topography at the Lithosphere-Asthenosphere
Boundary (250km to 80km or less) might have caused a lateral sub-lithospheric flow that pushed
the Indian plate with considerable acceleration.

KEYWORDS : surface wave tomography, cratonic keel, la réunion plume
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Continental rifting and subsequent rift-to-drift mechanisms led to the genesis of new oceanfloor
and surrounding margins containing numerous faults/fractures/shear zones. The Mannar Basin,
adjoining southern tip of India, was formed through a similar process. An oblique rifting between
Eastern Antarctica and India during early Cretaceous time eventually failed and gave rise to
the Mannar basin. The underlying crust in this basin encompasses imprints of rift initiation that
took place between India and Sri Lanka during their short-lived separation followed by sediment
deposition. Due to inadequate geophysical data coverage in this region, early rifting and associated
crustal processes remain far from fully understood. An attempt has been made to utilize closely
spaced array of 2D multichannel seismic (MCS) reflection data integrated with litholog information
along the Mannar Basin to delineate major sedimentary and upper crustal structures. The detailed
seismic interpretation reveals ~2.0-3.0 s (TWT) thick Cretaceous to Recent post-rift sediments
across the region. The regional basement appears to be heavily faulted at depths ranging
between ~5.0 - 6.0 s (TWT) implying pre-to-syn rift deformation. Our new integrated geophysical
interpretation will not only help document precise order of events that shaped up the southern
continental margin of India but also shed lights on the inception of the Central Indian Basin.
In addition to the high resolution MCS data, combined satellite derived bathymetry and free-
air gravity data have been utilized for constraining the sedimento-crustal structure beneath the
Mannar Basin.

KEYWORDS : continental margin, crustal deformation, Mannar Basin
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Abstract : The Bay of Bengal is located at the juncture of the passive continental margins of India,
Bangladesh, and the Andaman — Sumatra arc — trench systems, whose tectonic framework and
evolution are very complex. The present study examines the lithospheric structure of the Bay of
Bengal (BoB) and its adjacent region based on joint modelling of potential field data constrained
by thermal analysis. The approach assumes local isostasy, thermal steady state, linear density
increase with depth in the crust, and temperature-dependent density in the lithospheric mantle.
The result elucidates the distinct lithosphere beneath the BoB. The lithospheric thickness beneath
the western BoB is greater than 130 km, whereas the eastern BoB has a thinner lithosphere (80—
100 km). The thin lithosphere in the eastern BoB is unusual for an ancient ocean. The lithosphere
has generally dipping towards the eastern margin of India. The thicker lithosphere in the western
basin may be possible due to the continuation of the Indian continental lithospheric or could
be due to the conductive cooling of the oceanic basin. In contrast, a relatively thin (80-100 km)
lithosphere beneath the eastern basin could be due to the reheating of the lithosphere as a
consequence of its interaction with the Kergulean hotspot or slab rollback of subducting Indian
lithosphere. The present result is in agreement with previous tomography studies.

KEYWORDS : Bay of Bengal, lithospheric structure, thermal analysis
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Crust and the upper mantle structure below the Indian Ocean
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The Indian Ocean Geoid Low (IOGL) is the most intriguing geophysical entity in the globe which
lies south of India in the Central Indian ocean. It is characterised by a maximum negative geoid
anomaly of 106 m centered at 79°E and 5°S and reduces to ~-50 m at a distance of 2500 km
radially. Despite several studies to understand the causative factors contributing to the 10GL,
the depth and nature of the sources remain enigmatic. In the present study, we made an attempt
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to unravel the causative density sources below to the IOGL based on the integrated analysis
of geoid, gravity, topography along with the available seismic tomographic models within upper
mantle. The 3-D density structure modelled here matches well with degree-12 residual geoid
anomalies. However spectral decomposition of IOGL reveals that a significant fraction of the
mass anomalies comes from the harmonic coefficients less than degree-7. We discuss here the
implications of the derived density structure as well as possible geodynamic scenarios that can
explain the IOGL.

KEYWORDS : Indian Ocean Geoid Low (IOGL), potential field modeling, upper mantle
structure
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The Comorin ridge an isolated tectonic block in the Indian Ocean south of Sri Lanka. Knowledge
about the crustal structure underneath this aseismic ridge holds key for deciphering India-
Madagascar break-up and its links with Marion plume magmatism. The ridge also lies in close
proximity to one of the largest geoidal low on Earth. New coincident multichannel seismic reflection
(MCS) and 420 km long wide-angle seismic (OBS) data traversing the ridge provide new insights
about its tectonics and structural set up. New high quality data successfully image the regional
basement and Moho variations.

Here, we present new crustal images using travel-time tomographic inversion of the OBS data.
The velocity model is constructed by two-dimensional modeling and inversion approach using
the RAYINVR (Zelt and Smith, 1992). The model shows an anomalously thick crust underneath
the Comorin ridge, which gradually thins out oceanward. The final model provides very good
constraints on the lateral variations on the crust-mantle boundary. Our modelling suggests
that the eastern part of the profile images a mature oceanic crust while the western part has a
substantially thickened crust with a maximum thickness of ~ 14 km. This thickened crust (~160 km
wide zone) is characterized by an anomalously high velocity lower crust (up to 7.4 km/s), which
could be related to magmatic intrusions/crustal underplating.

KEYWORDS : comorin ridge, wide-angle seismic, crustal structure
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implications on metallogeny

CORRESPONDING & PRESENTING AUTHOR:

Santosh Kumar, [IT(ISM), Dhanbad, India
Ramachandrudu Arasada, [IT(ISM) Dhanbad, India
Gangumalla Srinivasa Rao, IIT(ISM) Dhanbad, India

Dalma volcano-sedimentary basin located in the North Singhbhum Mobile Belt (NSMB) is an
important crustal province in terms of geodynamic and metallogenic evolution of the Eastern
Indian shield. In the present study, integrated interpretation of petrophysical, Bouguer gravity
anomaly, and aeromagnetic data was carried out to examine the structural framework of the basin
and its implications on concealed mineral deposits. We have decomposed both the gravity and
magnetic data into several intrinsic mode functions (IMF-1 to IMF-4) using the Bi-dimensional
empirical mode decomposition technique. IMF-1 of both gravity and magnetic data only identifies
near-surface random noise and IMF-4 represents signatures of deep-seated sources. In
comparison, IMF-2 and IMF-3 reveal two major structures known as Tamar Porapahar shear
zones (TPSZ) and Babaikundi-Birgaon lineation. It is observed that both shear zones further
extend westward towards the Tamar block of Jharkhand. We also noticed several discrete high
gravity (up to 2 to 4 mGal) and magnetic anomalies (400 to 800 nT) with E-W strike direction
parallel to the Babaikundi-Birgaon lineament. The inversion of gravity profiles constructed across
these anomalies indicates large scale structures and two anomalous high-density (3000-3150 kg/
m3) bodies extending down to 1500m depth within the Dalma volcanics and Singhbhum Group
of Metapelites. These anomalous bodies could be interpreted as favorable locations for sulfide
mineralization. Further, the close spatial association of Babaikundi-Birgaonshear contact with the
known sulfide (Au) mineral deposits in this region suggests that mineralization in this region is
structurally controlled.

KEYWORDS : north singhbhum mobile belt, potential field modelling, empirical mode
decomposition
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Pranhita Godavari Graben (PGG) is one of the most prominent geotectonic feature located
orthogonally at the central east coast of India. This Proterozoic pericratonic rift basin situated
between the Dharwar and Bastar cratons and formed through the successive episodes of rifting
during the Gondwanaland breakup. The present study area extends from the Central Indian
Tectonic Zone in the north and the Godavari basin in the south. The potential field data is useful
to delineate the geological trends and the fault systems through application of the edge filtering
technique and the spectral analysis of both gravity and aeromagnetic data. The joint correlation
of tilt angle maps prepared from gravity and magnetic data delineates the extension of PGG
towards the offshore up to the ocean continental boundary. The power spectral analysis of the
aeromagnetic data using the Centroid method gave rise to average depth to the bottom of the
magnetic source (DBMS) of 21 km in the graben to 35 in the craton area. The heat flow value
calculated from the DBMS shows a good correlation with published borehole temperature data.
As the rift developed before the Gondwana separation, there can be a continuation of the fault in
Antarctica which gives the signature of rifting. The joint gravity and magnetic modeling through a
transect cutting across the graben will give more insight into the India-Antarctica separation which
is done in the current study. The best fit data shows the optimum geological subsurface model
and is discussed in detail here in this study.

KEYWORDS : Pranhita Godavari Graben, potential field modelling, crustal structure.
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The rifting history of SE India and its conjugate Srilanka margin is poorly constrained due to
the lack of knowledge on the extent of stretched continental crust and unambiguous magnetic
anomalies in both the conjugate margins. Here, we have carried out the integrated interpretation
of biostratigraphic data from exploration wells, multi-channel seismic lines, and potential field data
to understand the tectonic evolution of these conjugate margin. Crustal models obtained from
Forward modeling and 2-D flexural back-stripping analysis indicate a thicker crust of 30-37 km
below the SE Indian shield and 34-37 km below western Sri Lanka and then decreases gradually
to 20-26 below the Mannar basin. Tectonic subsidence data derived from the 1-D back-stripping of
wells reveal that the present-day margin was developed in two rifting stages. The oldest episode
of rifting is initiated contemporaneous with the separation of the East Indian margin from East
Antarctica and resulted in the minor crustal stretching by a factor of $1=1.07-1.23. While the
second phase of rifting (~100-65 Ma) also suggests minor stretching factors of 32=1.09-1.15.
The increase in total crustal stretching factor (B) and width of the extended crust from the north to
south supports the anti-clockwise rotation of Sri Lanka during India-Sri Lanka rifting.

KEYWORDS : southeast margin of India, back-stripping, potential field modelling
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Ambon lIsland, part of Northern Banda Arc, Eastern Indonesia, lies in a complex convergence
zone between Eurasia, Indo-Australia, and Philippine Sea Plates. The complexity of the tectonic
setting caused Ambon Island to have a high potential natural disaster, especially earthquakes.
The historical data show that Ambon Island has been struck by major earthquakes, and several
of them were followed by a tsunami. On 26 September 2019, Ambon Island was shaken by a
shallow strong earthquake of 6.5 Mw and causing many casualties. The mainshock was followed
by a dozen of aftershocks for at least two months. The moderate aftershocks in Ambon Island
were caused by the reactivation of an onshore fault plane due to the 6.5 Mw mainshock. Our
study attempts to image the subsurface of Ambon Island and its’s surrounding by performing the
first ambient noise tomography (ANT). We use eleven temporary and four permanent stations
which were deployed locally around Ambon Island during ~ 2 months. We only use the vertical
component to retrieve the Rayleigh wave Green'’s function. We obtain 52 dispersion curves in the
range period of 1-15s from cross-correlating all possible station pairs in the daily segment and
then stacked all of the data. Our preliminary results of tomographic group velocity model shows
that the low velocity in Ambon and Haruku Islands are associated with volcanic rock, and high
velocity in Northern Seram are associated with mica-schist. The low velocity anomalies are also
correlated with the epicenter distribution of Ambon aftershock in September 2019.

KEYWORDS : ambon, disaster, ANT
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East Antarctica along with Greater India played a vital role in the accretion and breakup of the
Indo-Antarctic landmasses during the supercontinents Nuna, Rodinia, and Gondwana. The
geophysical potential field methods are useful to uncover the masked subsurface geological
structures as the ice-covered terranes of Antarctica make it impossible to otherwise delineate
them. We use regional-scale magnetic and gravity data to study the structures associated with
the supercontinent Rodinia along the India-Antarctica conjugate margins. The distinct magnetic
signatures in the aeromagnetic data over East Antarctica allow us to delineate the various rock
types and structural links in that area. These magnetically distinct terranes trend at high angles
to the Antarctica continental margin at Mac Robertson Land and Mawson station. The recent
geochronological investigations on the coastal outcrops of this area yield metamorphic ages of
between 0.9-1.0 Ga, suggesting they are part of the global Grenville-age accretionary terranes.
Potential field data and modeling constrain the crustal structure of Eastern Ghats Province of East
coast of India, which is correlatable with East Antarctica crustal structure. This correlation allowed
us to propose a tight fit configuration of these two continents during Rodinia times and also gave
important insights to better understand the amalgamation of Grenville age belts in this sector.
Based on the observed geophysical signatures, we interpret that these were evolved as a single
belt during the amalgamation of Neo Proterozoic supercontinent Rodinia.

KEYWORDS : aeromagnetic data interpretations, East Antarctica, Eastern Ghats Mobile Belt India.
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Detailed geophysical investigations carried out on the Southwestern Indian Ridge, starting from
the Rodriguez Triple Junction till Melville Fracture Zone over the past eight years, using multibeam
bathymetry, gravity, and magnetic data, complemented with the available published geophysical
datasets resulted in a detailed morphotectonic map of the region. Ridge segmentation, Non-
transform Discontinuities, Axial Volcanic Highs, and Oceanic Core Complexes are identified
using the high-resolution bathymetry. The study suggests the presence of both magmatic and
amagmatic crustal accretion in this region. The median valleys are broad and deep at melt-poor
ridge segments. Mantle Bouguer Anomalies (MBA) are computed based on multibeam bathymetry
and satellite-derived free-air gravity data. The MBA variations observed represent deviations from
the assumed crustal thickness and are attributed to crustal thickening or thinning. MBA lows
observed at some ridge segments suggest focussed mantle upwelling where the median valleys
diminished. The marine magnetic profiles collected over such segments have higher amplitude
anomalies, supporting the magmatic crustal accretion. Six new Oceanic Core Complex structures
are identified based on the morphology and seabed samples. Based on the seafloor spreading
magnetic modeling, the spreading rate and a new set of magnetic anomaly picks representing the
age of the crust are delineated towards the east of 66.5°E. The age of the crust varied from 0 to
8.3Ma (4r.1no). The effective spreading rate is computed to be ~13.7 mm/yr and is classified as
Slow to Ultraslow spreading mid-ocean ridge.

KEYWORDS : morphotectonics, SWIR, tectonics
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The Amsterdam-St. Paul (ASP) plateau has manifested as the interaction of South East Indian
ridge (SEIR) and ASP mantle plume. Previous geochemical studies suggest this plateau to be
associated with a mantle plume feeding process. Here, we carry out a joint inversion of receiver
function and dispersion analysis of the AIS station[1] [2] which is located on the ASP[3] . We
have analysed 60 earthquake events in total, of which very few [4] could be used further for
computation of radial receiver function and hence inversion. we consider teleseismic events with
magnitude (Mw) > 7 for the receiver function computation. We apply an iterative deconvolution
technique in time domain and multiple filter analysis (MFT) algorithm to compute Ps receiver
function and dispersion curve, respectively. The period used for the computation of Rayleigh
wave group velocity distribution curve ranges from 20 to 100s and the receiver function length
was 25 s.[5] Our study shows 1D velocity-depth model under the station until a depth of 250 km.
We identify evidence of a gradational Moho with a mean depth of ~13 km and observe a drop
in velocity at a depth ranging from ~60 - 137 km. Although the estimated thickness of the crust
seems to be a bit higher than usual oceanic crust, the additional thickness might be associated
with the magmatic underplating. The low velocity suggests either presence of a magmatic plume
beneath the island or shallowing up of the Lithospheric-Asthenospheric Boundary (LAB) followed
by a Low Velocity Zone (LVZ).

KEYWORDS : jointinversion, receiver function, plume
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The easiness of subduction at the Andaman Sumatra Subduction Zone is represented by the
term Subductability’, a parameter estimated from the lithospheric age of the subducting northern
Wharton lithosphere. We have superimposed the fracture zones, magnetic isochrons and the
strike -slip focal mechanism spanning from 2004-2019 to the geometry of the subducting plate as
imaged by seismic tomography. A prominent clustering of strike-slip earthquakes along Fracture
Zone BC (Jacob et al., Tectonophysics, 2021) is observed, were the contrast of lithospheric
subductability, density and thickness is higher. The inception of normal fault earthquakes along
ASSZ post 2004 megathrust earthquake is influenced by the reorganisation of the stress field.
Correlating the normal focal mechanisms with lithospheric spreading rate shows less events
at fast spreading rate than at slow spreading rate; indicating a rougher topography with more
asperities for slow spreading lithosphere than the smooth topography of a fast lithosphere

KEYWORDS : Andaman-Sumatra subduction zone, strike-slip earthquakes, normal-fault
earthquakes

Sr No: 30

SYMPOSIUM : J2 Application of geophysical studies for understanding lithospheric structure
and properties

Seafloor spreading magnetic anomalies in the Gulf of Mexico

CORRESPONDING & PRESENTING AUTHOR:
Andreina Garcia Reyes, Institut de Physique du Globe de Paris, Université de Paris, France
Jerome Dyment, Institut de Physique du Globe de Paris, Université de Paris, France

The Gulf of Mexico is an isolated oceanic basin with its origin likely synchronous to the Central
Atlantic Ocean. As marine magnetic anomalies related to seafloor spreading have not been
identified and because drilling data reaching the acoustic basement are not available in this basin
yet, its nature, structure and age remain controversial. Here we show fan-like structure marine
magnetic anomalies related to seafloor spreading in the Gulf of Mexico. The fan-shape structure
of these anomalies supports a counterclockwise rotation of the Yucatan Block with respect to a
pole located NW of Cuba. Our reconstruction of the initial fit implies that oceanic crust underlies
most of the Sigsbee salt province. The older magnetic anomalies seem to abut on the COB,
suggesting that oceanization propagated from West to East, in agreement with the location of
the rotation pole. We identified the fossil ridge axis and two pairs of conjugate positive anomalies
and attempted to decipher the GoM plate tectonic history from the magnetic isochrons, fracture
zones as imaged by gravity, and COBs depicted from both gravity and magnetics. Filtering the
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geomagnetic polarity time scale allowed us to tentatively date the observed anomalies: seafloor
spreading in the GoM predates the Tithonian (> 150 Ma) and stopped in the Berriasian (140 Ma),
in agreement with geological constraints. Due to the proximity of the rotation poles, spreading
rates increase rapidly westward across the basin. In average, they vary from slow (and probably
ultraslow in the easternmost tip of the oceanic basin) to fast spreading.

KEYWORDS : magnetic anomalies, Gulf of Mexico, oceanic basin
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Spectral methods are part of the techniques to estimate the depth of the magnetic source (e.g.
Spector and Grant, 1970). In magnetic exploration, the slopes along the spectrum are used to
derive the depth of the magnetic sources. Spectra can provide a valuable information of the
magnetic lithosphere structure. Here we explore the bidimensional and tridimensional spatial
distribution of the total spectral content from magnetic anomalies to characterize its signature.
We use compiled magnetic anomalies from the Caribbean plate and the Gulf of Mexico (Garcia-
Reyes, 2018).

At long wavelengths, we identified two types of spectra: 1) 3 layers, high spectral content, for
continental blocks and 2) 2 layers, minimal spectral content, for oceanic blocks respectively. Due
to the poor coverage and quality of the data in some areas, these results should be interpreted
carefully. However, we observe a general consistency with the available geological information.
The tridimensional view provides an interesting way of representing the spectral content and
possibly, to image the magnetic structures that underlie the seafloor and the surface.

The approach that we are using is quite simple but has not been applied much so far. Although
investigating the characteristics of the spectral energy and understanding the meaning of their
distribution is a step-backwards to determining the depth of the magnetic source, this approach
can give relevant information on the distribution of sources in the subsurface.

KEYWORDS : magnetic anomalies, Caribbean plate, Gulf of Mexico
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The World Digital Magnetic Anomaly Map is prepared under the auspices of IAGA and the CGMW
(Commission for the Geological Map of the World) of UNESCO. A first version was released
in 2007 (Korhonen et al., 2007), and a second one in 2015 (Dyment et al., 2015; Lesur et al.,
2016) with the mandate to update the version 2.0 using the same methodology as often as newly
available data would make it necessary. The present version 2.1, compiled at 5 km interval
and 5 km altitude above continents and at sea-level over the oceans, includes the following
new datasets: (1) the complete digital aeromagnetic map of Brasil made available to CGMW
by Agéncia Nacional do Petroleo, Gas Natural e Biocombustiveis; (2) an improved version of
the aeromagnetic map of Russia prepared by V-SEGEI; (3) the second version of the Antarctic
Digital Magnetic Anomaly maP (ADMAP; Golynsky et al., 2018) which results from a remarkable
international effort during and after the Second International Polar Year; (4) a new map of the
Caribbean plate and Gulf of Mexico resulting from the compilation and re-processing of existing
marine and aeromagnetic data in the area (Garcia, PhD th., 2018); (5) an updated magnetic
anomaly map of Eastern Asia prepared by the CCOP (Ishihara and Uchida, 2021); and (6) a new
marine magnetic anomaly data compilation prepared by T. Ishihara and coworkers. The new map
will be presented and improvements over the previous version will be discussed.
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The magnetic anomalies observed on subducting oceanic plates progressively decrease in
amplitude once the flexural ridge passed, revealing (1) the opening of fracture, hydrothermal
circulation and alteration of their magnetic minerals between the flexural ridge and the ridge, and
(2) their gradual heating and thermal demagnetization once the plate enters subduction, with the
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titanomagnetite (TCurie ~200 °C) of extrusive basalt first then the magnetite (TCurie ~580 °C) of the
deeper crust successively erased (Choe and Dyment, Geology, 2020; GRL, 2020; EPSL, 2021).

Conversely, the magnetic anomalies observed at passive margins show contrasted signatures,
with clear anomalies where the sediment cover is relatively thin to low amplitude, long wavelength
anomalies where the sediments are thick. The increased distance to the source is insufficient to
explain this effect. Both post-accretion sedimentation resulting in thermal demagnetization of the
extrusive basalt layer and syn-accretion sedimentation inhibiting the formation of this extrusive
basalt layer result in similar signatures observed in the South Atlantic margins (Granot & Dyment,
GRL, 2019), the Red Sea (Dyment et al., AGU Fall Meeting, 2013) and the Gulf of Mexico (Garcia
& Dyment, EPSL, revised).

Our observations at active and passive margins better constrain the structure and magnetic
properties of the oceanic lithosphere and demonstrate that the first oceanic crust does not
necessarily start at the first clear seafloor spreading anomaly, as it is too often considered.

KEYWORDS : magnetic anomaly, oceanic lithosphere, margins

SYMPOSIUM : J2 Application of geophysical studies for understanding lithospheric structure
and properties

Interpretation of Potential Field Data Across the Southeastern
Part of the Narmada - Son Lineament, Central India and its
Tectonic Implications

CORRESPONDING & PRESENTING AUTHOR:
Naveen P U, Cochin University of Science and Technology, India
Radhakrishna M, Indian Institute of Technology Bombay, India
Singh A.P., CSIR-National Geophysical Research Institute, India

The Narmada — Son Lineament (NSL) is one of the most prominent geo-tectonic features located
in central India, characterized by complex geological structures. The present study area lies in the
SE part of NSL contains some important geotectonic features such as the Tan Shear zone, Central
Indian Suture Zone, and a few major faults. Potential field geophysical data plays an important
role in delineating the subsurface geological structure associated with the above features. In
this study, we present a detailed analysis of gravity and aeromagnetic anomaly maps using
both spectral-based approach and edge-enhancement techniques. We used the Levenberg-
Marquardt nonlinear regression method to merge the aeromagnetic data acquired in different
surveys and different time periods. Using the spectral analysis, the depth to the bottom of the
magnetic basement (DBMS) is estimated by attempting different methods like centroid, modified
centroid, spectral peak, and forward modelling of spectral peak techniques, and out of these, the
modified centroid method was found to be consistent and suitable in the study area. Nine windows
were chosen for calculation and the DBMS values were found to be varying between 21 km to
32 km. The 2D joint gravity and magnetic modelling is carried along a profile cutting across the
major geological structures in the region. The proposed 2D model corroborates the north-directed
subduction system which was a topic of debate and it gives a better visualization of the crustal
structure and evolution of the area. The implications of this model are discussed in the paper.

KEYWORDS : curie depth, Narmada - Son Lineament, modified centroid method
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The E-W trending Proterozoic Mahakoshal supracrustal belt in the northern part of the Central
India Tectonic Zone (CITZ) shows a unique large scale left-lateral shearing with >40 km horizontal
displacement adjacent to the Mahanadi graben that extends towards Damodar graben. Similar
shearing is observed in the ENE-WSW Tan Shear zone across Mahanadi graben. We analyzed
the regional geological and structural disposition of different litho-tectonic unite to understand
the origin of large-scale shearing and associated deformation across the CITZ and Gondwana
grabens. Conspicuously, the western boundary of the Mahanadi graben is sharp with ~1.5-6 km
sediment thickness from south to north and decreases gradually towards east. The width and
sediment thickness of the Gondwana basin increases northward in Mahanadi graben, with an
abrupt increase across the Tan shear zone and other faults up to SNSF. The same is confirmed
from the gravity modeling of the region. This suggests lateral oblique-slip sinistral segmentation
of basement blocks during Gondwana dispersal. This block rotation involving SNSF extending
along the narrow Damodar graben with large lateral displacement is possibly responsible for the
regional sinistral deformation of the Mahakoshal belt during the Mesozoic Gondwana dispersal
episode, marking the latest phase of deformation in the region.

KEYWORDS : Mahakoshal, Gondwana, sinistral shearing.
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The southern granulite terrain (SGT) is a large tract of exposed Archean continental crust, divided
into the Madurai block (MB), Trivandrum block (TB) and Nagercoil block (NB). These crustal
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domains are linked with the NW-SE trending Achankovil Shear Zone (AKSZ). We combine gravity
and magnetic data with previously published ground observations and geochronological data
to re-evaluate the crustal architecture, evolution of the AKSZ, and possible extension of AKSZ
into Madagascar. Analyses indicate that the long wavelength trends of the magnetic anomalies
originate at ~ 20 km depth of different SGT blocks. These observations are corroborated with the
gravity as well as computed gravity gradient anomalies. The presence of Khondalites outcrops
in Trivandrum block implies that high magnetization crust is the main source of positive magnetic
anomalies. Such magnetic anomalies advocate that SGT preserves the remanent of Archean
crustal blocks in south India, a part due to variation in thermal and geochemical processes. The
AKSZ, TB and MB exhibit contrasting magnetic crustal signatures. The results suggest that AKSZ
and Ranotsara Shear Zone (RSZ) are crustal structures and interlinked. The joint modelling
results reveal a three-layered crustal configuration with varying Moho ranging from 41 to 34 km
in NE to SW respectively. It is also noted that AKSZ is a narrow and deep structure near to the
Western Ghats Escarpment while it is wide and shallow in the far-east, which implies that the
evolution of the Western Ghats is a late geological event.

KEYWORDS : crustal structure, Achankovil shear zone, joint modelling
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Abstract : We estimate the ambient noise love cross correlation of sub volcanic area in Central
Java, Indonesia. We used 2 months continuous recording of 40 broad-band seismic stations
obtained Love wave empirical Green’s functions from cross-correlations of the horizontal
components. The Love wave group velocity dispersion measurements will be used to construct
dispersion maps of 1 to 10-s periods, which will then be inverted to obtain a three-dimensional
horizontally polarized S-wave (SH) velocity structure beneath the surface.We expect that the SH
model is generally consistent with a previously worked vertically polarized S-wave (SV) model
and showed large-scale features that were consistent with geological units, such as the basins
and changes in the crustal thickness across the north-west gravity lineament.
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ABSTRACT : The Western margin of the Indian sub-continent that hosts one of the world’s
largest escarpments, called Western Ghats (WG), is a collage of diverse geological formations.
Characterizing upper mantle seismic anisotropy offers insights into mantle deformation and its
role in the evolution of such regions. In this study, we estimated the upper mantle anisotropy using
splitting analysis of SK(K)S and PK(K)S waveforms recorded at 17 stations. Results indicate that
the fast axis polarization directions (®) are primarily in NE-SW direction, with delay times varying
from 0.3s to 1.8s. This direction is parallel to the Absolute Plate Motion of the Indian sub-continent,
suggesting that shear at the base of lithosphere is the dominant mechanism for anisotropy along
the WG. E-W oriented anisotropy at stations close to the coast, especially in the northern part of
WG could be due to lithospheric stretching along the west coast, associated with rifting process.
Further, observed coast-parallel ® (N-S, NNW-SSE) with delay times varying from 0.6s to 1.2s at
stations away from the coast, could be due to the edge flow associated with the transition from a
thinner to thicker lithosphere. In addition, we observed multilayer anisotropy in-terms of multiple
@ varying from N29.9° to N176.0° with varying delay times of 1.1s to 1.5s at PCH station close to
the coast, which is corroborated by the results of two-layer modeling. The variable ® from coast
perpendicular to coast parallel at stations close and away from the west coast of the Indian sub-
continent implies different rifting episodes.
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Unrelated regional Bouguer gravity anomalies to broad surface geological formations have helped
in defining central part of Dharwar Craton, south Indian shield area as transitory block between
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well-known western Dharwar (WDC) and eastern Dharwar (EDC) occupying about 75000 sq.km
in south Indian shield area. Pronounced longwave length gravity high covering this region to the
bordering granulite terrain in south for a length of about 550 km is significant feature of south
India. Mid Continental Rifts are characterized with significant tectonic, magmatic and geophysical
features. Though passive rift zones of early era may not retain all the topographic evidences such
as central depression bordered with shoulder uplifts, the elongated narrow extensional features
could be seen in this region in the form of long schist belts and elongated granite body. Bordering
normal faults could be identified with abrupt shift in the regional back ground values.

These regions are generally supported with lithospheric thinning and a secondary process of
uplifting of local features and crustal doming. Another important factor is type of magmatic activity
with alkali basalts and bimodal volcanism. Bouguer gravity anomalies of this region possibly indicate
two important inferences as this may be failed rift zone that has stopped before continental break
up and filled with linear igneous granite body and basic volcanics. Linear magnetic anomalies
also characterize this region. Variations in lithospheric thickness is noticeable in these areas from
the other geophysical inputs. Integrated study has led us to believe that central part of Dharwar
Craton is paleo rift zone.

KEYWORDS : central Dharwar region, gravity high, paleo rift zone
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High-resolution P- wave velocity and anisotropy structure of the hitherto elusive uppermost mantle
beneath the Indian shield and the surrounding regions are presented to unravel the tectonic
imprints in the lithosphere. We used high-quality 19500 Pn phases from 172 seismological
stations for the earthquakes at a distance range of 2° to 15° with a mean apparent Pn velocity
of 8.22 km/s. The Pn velocity anomalies with fast anisotropic directions are consistent with in
the Himalaya, Tibet Plateau, Tarim Basin, and Burmese arc. The higher Pn anomalies along the
Himalayan arc explicate the subducting cold Indian lithosphere. The cratonic upper mantle of the
Indian shield is characterized by Pn velocity of 8.12-8.42 km/s, while the large part in the central
Indian shield has higher mantle-lid velocity of ~8.42 km/s with dominant anisotropic value of 0.2-
0.3 km/s (~7.5%) indicating the presence of mafic ‘lava pillow’ related to the Deccan volcanism.
Our velocity image clearly reveals the signature of the rift and mobile belts separating the cratons,
extending deep at least till the uppermost mantle. Pn anisotropy in the Indian shield displays
complex pattern and differs from SKS directions, suggesting the presence of frozen anisotropy,
due to the large scale tectonic deformation and alteration after its breakup from Gondwanaland.
Our tomographic results in the Bay of Bengal conspicuous that the lower anomaly is bounded by
85° and 90°E ridges in the southern side. Further, 85°E ridge separates the BoB lithosphere into
two regions, faster and slower lithospheres, consistent with the gravity observations.

KEYWORDS : Pn wave tomography - uppermost mantle - seismic anisotropy, Indian shield
and Asia, crustal structure

IAGA-IASPEI 2021 | 38



Sr No: 41

SYMPOSIUM : J2 Application of geophysical studies for understanding lithospheric structure
and properties

Sn wave Tomography of the Uppermost Mantle Beneath the
Indian Shield and its Adjacent Regions

PRESENTING AUTHOR:
Bhaskararao llla, CSIR-NGRI, and PhD registrated in Andhra University, Visakhapatnam, India

CORRESPONDING AUTHOR:

Prakash Kumar, CSIR-NGRI, India
Reshma K .S, CSIR-NGRI, and PhD registrated in Osmania University, Hyderabad, India

Sn velocity image of the uppermost mantle beneath the Indian shield, Himalayan collision zone,
Burmese Arc, Bay of Bengal, and Andaman-Nicobar Island regions is generated by tomographic
inversion using 11243 Sn travel times data. The uppermost mantle from the Indian shield is
hitherto not known. The average apparent Sn velocity obtained for the entire region is ~4.60 km/s
with a velocity perturbation of £0.2 km/s. High velocities are found under most parts of the Indian
cratons, the Tarim Basin, the Bay of Bengal, whereas prominent lower Sn velocities are found
beneath the Burmese arc region, the Hindu-Kush region, North-west part of India, eastern coastal
part of India, and Central part of the Tibetan Plateau. The various cratonic blocks in the shield
region show higher anomalies except for the Singhbhum craton, which is highly mineralized and
having high surface heat flow values. The intracratonic Cuddapah Basin and Southern Granulitic
terrain also exhibit higher uppermost mantle shear velocity. The intriguing observation is the
central India high, which is interpreted as the presence of basaltic lava pillows related to the
Deccan volcanism. Along the Himalayan arc, we observe higher Sn velocity which supports the
idea of subduction of the Indian lithosphere in a piecewise manner into the mantle. Interestingly,
the uppermost mantle beneath the Bay of Bengal shows faster and slower Sn values in western
and eastern regions respectively implying that the nature of the mantle of the Bay of Bengal has
two distinct compositions and low Sn velocities below the Andaman-Nicobar islands.
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Observed In-situ stress orientations over the Indian Plate, is relatively sparse; therefore, numerical
modelling of SHmax is needed to comprehend regional stress pattern. In the present work, four
cases of stress simulation are carried out to explore the effects of rigidity, lithospheric thickness,
basal drag force, and boundary conditions on the distribution of intraplate stress across the Indian
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Plate. The rigidity is derived from Effective Elastic plate thickness (EET), which is estimated
through joint inversion of admittance and coherence using gravity and topography data. The
geometry of the model is created considering plate boundary, lithospheric thickness and EET.
The stress field is simulated with ABAQUS software for i) variable lithosphere thickness and
constant EET ii) variable EET and constant lithosphere thickness iii) variable EET and lithosphere
with fixed Himalayan boundary, and iv) variable EET and lithosphere with force at the Himalayan
boundary. For each case, we compared SHmax with in-situ measurements and found that the
orientation and magnitude of SHmax obtained in the case (iv) are in remarkable agreement with
the available in-situ stress data. The stress field and von-Mises stress over major geological
features are also analyzed and discussed. It is inferred that EET, apart from boundary forces, is
one of the most significant factors in controlling the stress field distribution. Modelling results also
suggest that incorporation of depth dependent rheology and density may further enhance the
resulting quality and better predict the stress state.

KEYWORDS : effective elastic thickness; FEM; Indian plate; Maximum horizontal stress; plate
boundary forces
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We investigated the intraplate seismicity of the central Brazilian region by passive electromagnetics
and seismological observations. For this study, the three-dimensional conductivity and P-wave
velocity models were obtained using magnetotellurics (MT), geomagnetic depth sounding (GDS),
and seismological data arrays. In the past, one of the major seismic events with a magnitude of
~ 6.2 occurred in the Parecis basin, central Brazil. Previous seismological studies indicated the
compressional stress regimes with dominant thrusting in the Northwest direction for the region.
To explain the seismicity, a model proposed the flexural crustal deformation associated with
isostatic gravity highs, while other models associate it with high heat-flow, lower elastic-thickness,
and thinner lithosphere. Whereas, deep electrical observations were somehow missing in this
regard which may explain the presence of deep hot fluids from the magmatic materials. The
MT+GDS conductivity models have found some weak zones in the crust and upper mantle,
which possibly act as the evolution path of the younger alkaline magmatism. The P-wave velocity
anomalies, constraining the heterogeneous velocity structure of the crust and upper mantle, also
confirm these zones with some deviation. Such mid-crust to upper mantle P-wave velocity and
electrical anomalies in the Southeast of Amazon craton somehow links with the ongoing regional
compression and upwelling of hot-magmatic materials, activating the thrusting and, or shearing in
the upper crust with attendant seismicity.

KEYWORDS : electrical, P-wave velocity, intraplate seismicity
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Hebron magnetic anomaly is the greatest magnetic anomaly observed at the territory of Israel.
Some investigators have associated this anomaly with the magnetic sources occurring at
comparatively small depths (5-7 km). Quantitative analysis of airborne data (1000 m over the
Earth’s surface) indicates that the upper edge of the magnetic anomalous body occurs at a depth
of 26-28 km. A rough estimation of the lower edge occurrence is estimated at a depth of about
40 km. Calculated magnetization of this body is about 3000 mA/m. Developed maps of the Moho
and Curie discontinuities suggest that the corresponding surfaces in the region are located at
the depths of 29-30 and 40-40.5 km, respectively. Thus, the upper edge of this body is located
3 km above the Moho boundary, and the depth of the lower edge of this body and the maximum
possible depth of magnetic source occurrence are practically coincided. The recently performed
magnetic balloon measurements at the level of about 30 km enabled to preliminary estimate
the depth of the upper edge of the anomalous body as 31 km. Tectonically area of the Hebron
anomaly is a collision zone between the Judea-Samaria and Negev terranes. In this area several
deep (~5-6 km) boreholes were drilled and constructed sequence formation maps show that the
Judea-Samaria terrane was subducted under the Negev terrane. It is known that collision zones
are characterized by specific geodynamic crust-mantle instability. Thus, we can propose that the
Hebron magnetic anomaly is caused by the mantle diapir.

KEYWORDS : advanced quantitative interpretation, multilevel analysis, mantle diapir
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Intracontinental surface deformation is enigmatic, and the underlying mechanisms responsible
are not fully understood. We use self-consistent thermo-mechanical numerical modelling to
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investigate one explanation: lithospheric delamination-induced surface deformation. We explore
the conditions under which delamination can occur and investigate the timing and amplitude of
the consequent surface deformation. As a case study we use central Mongolia, which is an ideal
natural laboratory for studying intracontinental surface deformation because of its high topography
and its location far in the continental interior.

Rather than imposing an initial dense block in the simulations, we allow lithospheric removal
to develop dynamically and self-consistently by applying a phase transition and density jump.
This phase transition is hypothesized to be a consequence of metamorphic eclogitization in a
thickened crust, due to convergence. We systematically vary parameters and test their influence
on lithospheric removal. The analysis confirms that a weak and dense lower crust, a hot crust-
mantle boundary, and a moderate convergent regime are critical requirements for delamination-
style removal.

The physical parameters and physical structure inferred beneath central Mongolia closely match
the conditions and requirements for delamination. The simulations show that the removal of the
lithosphere by delamination can reproduce the present-day dome-shaped topographic pattern
and generate substantial uplift within a short time period. Furthermore, the duration of the removal
event fits geochemical constraints. In addition, the modelled lithospheric structure is consistent with
that inferred from geophysical imaging. Therefore, the results suggest that lithospheric removal
by delamination is a physically plausible explanation for the observed intracontinental uplift.

KEYWORDS : thermo-mechanicalnumericalmodelling, lithosphericdelamination,intraplateuplift
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We applied the seismic interferometry technique to ambient seismic noise data collected from
January 2017 to January 2019 recorded at 17 broadband stations in the Ulaanbaatar region,
Mongolia. We obtained Rayleigh and Love-wave dispersion characteristics between 5 and 20
s from yearly-stacked cross-correlation functions (CCFs) for 136 station-to-station pairs with
nine components. The CCFs show substantially large values (SNR >17) in the target periodic
range. For the Rayleigh-wave estimation, we removed P-wave contamination, which exists as
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precursors, from the stacked CCFs using ZR and RZ components (Takagi et al., 2015) and obtained
dominant Rayleigh-wave signals. The estimated Rayleigh and Love-wave phase velocities using
the matched-filter FTAN (Bensen et al., 2007) showed little variation over the period between 6
and 10 s, indicating small subsurface heterogeneity in the Ulaanbaatar region. The estimated
Rayleigh-wave phase velocity map for 8 s indicated small velocity contrasts between the western
and eastern parts, suggesting the possibility of local seismic velocity heterogeneity in the study
area. The resulting velocity trends correspond well with the roughly estimated ones with a sparse
seismic array. We also found the possibility of Rayleigh-wave phase velocity estimations in a
much longer period using shorter spacing station-to-station pairs, (which are typically excluded in
seismic interferometry) using the spatial autocorrelation (SPAC) method. The further combined use
of the two methods makes it possible to conduct a tomographic study in the Ulaanbaatar region.

KEYWORDS : ambient noise cross-correlation, ulaanbaatar, seismic interferometry
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Two subparallel east-west trending linear aeromagnetic anomalies are observed along the central
Yarlung-Zangbo suture zone in southern Tibet. The Yarlung-Zangbo suture zone represents the
boundary of the Eurasian and Indian plates, and records the subduction of the Neo-Tethyan
oceanic slab and subsequent continental collision. The two magnetic lineaments are spatially
associated with the Gangdese batholith and Xigaze ophiolites, which are separated by the Xigaze
fore-arc basin that is filled with non-magnetic sedimentary sequences. The Mesozoic-Cenozoic
Gangdese batholith is characterized by widespread I-type granitoids. The Xigaze ophiolites are
dominated by serpentinized mantle peridotites. To investigate the geological origins and deep
structures of the magnetic sources of the two magnetic lineaments, a 3D inversion of aeromagnetic
anomaly data was undertaken. By analyzing our inversion model and further magnetic modelling,
it is proposed that the Gangdese batholith has a magmatic root with higher magnetization than
the exposed granitoids, indicating that the deeper part of the Gangdese batholith may contain
more mafic constituents than the shallow part. The subsurface part of the Xigaze ophiolites
resembles a thin slab dipping to the south, implying that the deep-seated Xigaze ophiolites are
also serpentinized and retain complete structure.

KEYWORDS : aeromagnetic anomaly, 3D inversion, yarlung-zangbo suture
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J3 Lithosphere-Atmosphere-lonosphere
Coupling: Seismo lonospheric and
Electromagnetic anomalies
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This session plans to discuss and understand the “unexplored” characteristics
of co- and pre-seismic ionospheric and electromagnetic anomalies and their
origin within the framework of lithosphere- atmosphere-ionosphere coupling. A
brainstorming discussion towards the advancement of new insights in realizing
the pre-seismic imprints in the near space environment is proposed. Observations
from ground as well as from space and their validation through model simulations
adopting both empirical and physical approaches may assist in understanding
the physical mechanisms responsible for these anomalies. This session seeks
papers on seismo-ionospheric and electromagnetic anomalies and signatures
before and/or after strong earthquakes, tsunamis and volcanic eruptions.
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The main objective of the current research aims to present a predictive approach to seismic
events of significant magnitude (Mw=5), through anomalous fluctuations in the total electron
content ‘TEC’ of the ionospheric layer. This parameter is derived from geodetic data allowing
to model and map the ionized layer of the Earth’s upper atmosphere, ‘TEC-Mapping’. For this
purpose, we took as a sample the study of the GPS_TEC signal related to the strong Al Hoceima-
Alboran sea earthquake (January 25th, 2016, Mw 6.4).

The developed seismo-geodetic approach allowed us to detect the time-origin of the seismo-
ionospheric precursors, indicating the time delay for the energy transfer between the lithosphere
and the ionospheric F2-layer, before the triggering of the mainshock. Thus, the principle concept
refers to the existence of a relationship between the prominent ionospheric TEC irregularities
and earthquake preparation phase, through the ternary coupling: Lithosphere-Atmosphere-
lonosphere.

To achieve this research we have exploited geodetic datasets derived from about one hundred
permanent ground-based GPS/GNSS stations, in order to identify the pre-earthquake ionospheric
anomalies which precede a few hours to a few days the mainshock onset of the M6.4 Al Hoceima
earthquake.

This work, therefore, permits to valorize the efficiency of this geodetic approach in the field of
natural hazards, thus favoring the prediction of the seismic events on regional scale where the
GPS/GNSS stations monitoring network is favorable.

KEYWORDS : seismo-ionospheric precursors, GPS_TEC signal, coupling: lithosphere-
atmosphere-lonosphere.
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The earth and its atmosphere resonantly couple at the frequencies ~3.7 and ~4.4 mHz, leading
to efficient energy exchange between them. Earthquakes are one of the potential sources
which introduce these frequencies of oscillations into the atmosphere. The induced atmospheric
oscillations can lead to the prolonged ionospheric perturbations through ion-neutral collisions.
The spatial and temporal evolution of resonant ionospheric oscillations can be studied using
GPS-TEC. The 2011 Tohoku Earthquake (Mw 9.1) that ruptured on 11th March 2011 at 05:46:23
UT has been analysed to characterise the prolonged ionospheric perturbations observed after the
event. The earthquake ruptured off the eastern coast of Northern Honshu along a major 200km
fault, where the Pacific plate is subducting under the Northern Honshu. It was observed that the
resonance phenomena strongly evolved to the south of the epicentre as compared to the north.
This anisotropic distribution of resonant ionospheric signatures around the Tohoku epicentre has
been scrutinised by referring to seismic and non-seismic parameters. This study suggests that both
the non-tectonic parameters and direction of seismic energy released during the rupture played a
key role in determining the north-south asymmetry in the resonant ionospheric signatures around
the epicentre. It is assumed that this case study is a step forward towards efficient understanding
of the earth-atmospheric resonance coupling during great earthquakes.

KEYWORDS : resonant ionospheric oscillations
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It is a common belief that an earthquake is a single event or part of the series of fore-shocks
or aftershocks of another major event. However, it has been observed through the Very Low
Frequency (VLF) lonospheric Precursors that there is a systematic “Omega — (w)” pattern in what
can be described as a “Short-Term” earthquake precursor for two major earthquakes of sufficiently
strong magnitude in M5-M6 class taking place in succession in a "seesaw” fashion within a few
minutes of time-span but separated largely over geographical distances. This paper discusses
two such incidents of earthquakes that occurred in the month of February 2021 in the Indonesia-
South Pacific region that have shown these (w) type precursor patterns and have occurred in
quick successions in what can be called as a binary system and what is more common with them
is the almost identical nature of the precursor pattern observed in the VLF signal variations.

KEYWORDS : seismic seesaw, binary-earthquakes, VLF ionospheric
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This paper discusses for the first time, the simultaneous detection of VLF lonospheric precursors
in two different signal paths at the same time instances which later could be verified with the
same earthquake event that took place several days later in the middle of these two VLF
Paths. A very interesting phenomenon was detected on 06th March 2021 post mid day. Two
VLF signals of 25.500kHz and 19.600kHz originating from the Eastern Europe (Belarus) and
the UK are being monitored simultaneously. At 1315 Hrs India Standard Time (IST), both signals
detected the lonospheric precursor at the same time. This trend continued till 1440IST when the
signals returned to normal at the same time instance. This clearly indicated that an earthquake of
magnitude M5 on the Richter scale is likely to occur within few days and more interestingly, in the
area or location that lies between the propagation path of these two signals from their respective
transmission location to the receiving or monitoring station in Ichalkaranji in Maharashtra, India
(16°42’13"N, 74°28'32"E). An earthquake alert therefore was issued by the author stating the
possibility of M5 scale earthquake from 6th March to 11th March 2021 in a geographical area
enclosed by these two paths.

KEYWORDS : very low frequency, VLF ionospheric precursors, earthquake prediction
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In the beginning of March 2021, three major earthquakes of magnitude M7+ and M8+ have
taken place near Kermadec Islands region in the South Pacific and in New Zealand [1]. The first
from these three events with magnitude M7.3 occurred on 04 March 2021 at 1327UTC/GMT in
Gisborne, New Zealand. Just a few hours later, the Kermadec Islands (NZ) south of Tonga in
the South Pacific received a major shock of magnitude M7.4 at 1741UTC/GMT. And finally, the
strongest of these, a magnitude M8.1 again struck the Kermadec Islands region at 1928UTC/
GMT on the same day. This paper discusses the VLF earthquake precursors detected more than
14 days in advance of these events.

The first VLF lonospheric precursor was detected on 14th February 2021 at 0312UTC/GMT and
an earthquake alert [2] was therefore issued stating the possibility of M7+ quake event in the
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South Pacific and New Zealand with possible dates as 14th Feb 2021 till 26th February 2021. It
was anticipated that this particular precursor is the only one and hence the dates were inferred.
In reality, there were two more precursors detected a few days later on 17th February 2021
at 0616UTC/GMT and the other on 19th February 2021 at 0230UTC/GMT. Thus, it is clearly
seen that corresponding to the three different earthquakes as described above, three distinct
earthquake precursors were detected more than 14 days in advance.

KEYWORDS : very low frequency, VLF ionospheric precursors, earthquake prediction
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Near and far field coseismic ionospheric perturbations (CIP) have been well studied using Global
Navigation Satellite System (GNSS) measured Total Electron Content (TEC). The generation
of near field (~500—-600 km surrounding an epicenter) CIP is mainly attributed to the coseismic
crustal deformation. The azimuthal distribution of near field CIP may contain information on the
seismic/tectonic source characteristics of rupture propagation direction and thrust orientations.
However, numerous studies cautioned that before deriving the listed source characteristics
based on coseismic TEC signatures, the contribution of non-tectonic forcing mechanisms needs
to be examined. A 3D model to map the combined effects of non-tectonic forcing mechanisms
of geomagnetic field, GNSS satellite geometry, and ambient electron density gradient, on
manifestations of GNSS measured near field CIP has been proposed. Further, this model has
been tested on earthquakes occurring at different latitudes with a view to quickly quantify the
collective effects of these mechanisms. We presume that this model would induce and enhance a
proper perception among the researchers about the tectonic source characteristics derived based
on the corresponding ionospheric manifestations.

KEYWORDS : co-seismic ionospheric perturbations, GPS-TEC, non-tectonic forcing
mechanism
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Giant tsunamis are known to produce two varieties of ionospheric perturbations, the first that
travel much faster than ocean water tsunami and another travel along the tsunami. Accordingly,
earlier have been captioned as ahead of tsunami travelling ionospheric disturbances while
the later as co-tsunami travelling ionospheric disturbances. Using Global Positioning System
(GPS) measured Total Electron Content (TEC) in vicinity of the Sumatra 2004 seismic source,
tsunamigenic ionospheric perturbations which observed several minutes prior to the arrival of
tsunami at Indian east coast were scrutinized. Based on this, here we propose and discuss the
potential importance of GPS based real time monitoring of offshore ionosphere for tsunami early
warning. Further, the role of varying satellite position geometry in determining the effectiveness of
proposed tsunami early warning system has been demonstrated.

KEYWORDS : ionosphere, GPS-TEC, tsunami early warning
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The short-term prediction of earthquakes is an essential issue connected with human life protection
and related social and economics matter. Recent papers have provided some evidence of the link
between the lithosphere, lower atmosphere, and ionosphere, even though with marginal statistical
evidence. The basic coupling hypothesized being via atmospheric gravity wave (AGW)/acoustic
wave (AW) channel. In this work we analyse the scenario of the low latitude earthquake (Mw=6.9)
occurred in Indonesia on August 5, 2018, through a multi-instrumental approach, using ground
and satellites high quality data. As a result, we derive a new analytical lithospheric-atmospheric-
ionospheric-magnetospheric coupling model with the aim to provide quantitative indicators to
interpret the observations around 6 hours before and at the moment of the earthquake occurrence.

KEYWORDS : LAIC analytical model, multi-instrumental observations.
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Based on fundamental concepts of variations of electric and magnetic fields at a given location,
anomalous EM signatures have been defined based on mediumterm data recording at two sites
Dhanachuli site near the Main Boundary Thrust (MBT), and Patiyasar site near the Main Central
Thrust (MCT) in Kumaun Himalaya, India. The patterns of anomalous EM signatures are then
linked to the occurrence of moderate earthquakes (3.5<M<5.0), which are common occur along
the MCT. The vertical component of magnetic field is influenced by prominent positive contributions
prior to seven medium magnitude the earthquakes; electric fields also show positive anomalies.
Surface wave generation associated with the earthquakes are reflected in the polarization ratios
of geomagnetic data in the Pc4 range (0.01 Hz), few days prior to each earthquake. In the case of
one earthquake, during which suitable data could be retrieved, we observe a frequency change in
ULF (Pc1 range) in addition to the enhancement of the Pc4, prior to the event.

KEYWORDS : electromagnetic anomaly, ULF waves, earthquake association
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We present results of atmospheric/ionospheric anomalies as investigated using ground based
and space based measurements using ionospheric density and TIMED/SABER satellite
temperature along with thermal anomalies in the Outgoing Long wavelength Radiation (OLR)
during pre and post 2015 Nepal Earthquake (28.147°N, 84.708°E) that occurred at 06:11:26 UT
on 25 April 2015 (Mw7.8) with major aftershock observed at 07:05:19 UT (Mw7.3) on 12 May
2015. It is noticed in the recent past that atmospheric/ionospheric anomalies prior to earthquake
are significantly increased. So, understanding the atmospheric/ionospheric behaviour prior to

IAGA-IASPEI 2021 |50



such large earthquakes may provide vital information that is important for early warning systems.
Research analysis suggests that atmospheric and ionospheric precursors do exist before the
onset of earthquakes by few days to few 10s of days. But identification is a challenge. In this
paper, we examine the ionsopheric parameters such as foF2, foEs and h’Es, h’F and hpF2 at
Allahabad station in search of pre-seismic and post-seismic signatures. We also examine the
SABER satellite observations of MLT temperature and OLR observations during pre and post
seismic event. Our results suggest that there is a strong coupling between seismic activity
and ionized density perturbations during co-seismic activity but mixed responses are seen in
OLR thermal anomalies as well as atmospheric temperature. Similarly, our results also showed
mixed response as well for precursory signatures. Based on the analysed results, attempts are
being made to understand their signatures in the light of current understanding on the coupling
processes of lithosphere-ionosphere during pre/post seismic event.

KEYWORDS : ionospheric seismology, Nepal earthquake, density variations
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Densification of continuous GNSS receiving stations enabled us to observe changes in ionospheric
TEC associated with large earthquakes. Here | focus on TEC enhancements immediately before
M8-9 class earthquakes, found first for the 2011 Mw9.0 Tohoku-Oki earthquake (Heki, 2011 GRL)
and later for all the earthquakes in this century with Mw 8.2 or more (Heki & Enomoto, 2015
JGR; He & Heki, 2017 JGR). The 18 examples exhibit clear scaling laws, (1) leading times of the
anomalies range from ~15 minutes (M8) to ~45 minutes (M9) and scale with fault lengths, and
(2) strengths of the anomalies range from ~1 % (M8) to ~10 % (M9) of the background values
and scale with fault areas. This suggests that a certain process, sweeping the fault from one
end to another, weakens the fault immediately before large earthquake. Occurrences of micro-
scale cracks and dislocations there may mobilize positive charges, which temporarily stay on the
surface and redistribute ionospheric electrons. 3D tomography of ionospheric electron density
anomalies (He & Heki, 2018 JGR; Muafiry & Heki, 2020 JGR) showed that the positive/negative
anomalies started to grow simultaneously at low/high altitudes and line-up along the geomagnetic
field. The anomalies are also found to exist only above land, suggesting that crustal electric field
is responsible for the anomalies.

KEYWORDS : GNSS-TEC, earthquake, ionospheric disturbance
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The Mw8.3 lllapel, Chile earthquake on 16 September 2015 has induced detectable ionospheric
disturbances above the near-field region, i.e., within about 1000km from the epicenter. The
ionospheric total electron content (TEC) perturbations observed by Global Navigation Satellite
System (GNSS) exhibit a strong north-south asymmetry in the perturbation magnitude. The
asymmetry is primarily caused by the different ground motion characteristics in the north and
south regions of the epicenter. To investigate seismic-ionospheric coupling and reproduce
the asymmetric ionospheric disturbances for the lllapel earthquake, we extend the Wave
Perturbation - Global lonosphere-Thermosphere Model (WP-GITM), a three-dimensional time-
dependent numerical model for simulating ionospheric disturbances induced by impulsive surface
movement, from using a point seismic source to an area seismic source. The area seismic source
is specified by a network of GNSS-measured vertical ground velocity data obtained using the
Variometric Approach for Displacements Analysis Stand-alone Engine (VADASE) algorithm. The
area seismic source well describes the different strengths of ground motions to the north and to
the south of the epicenter. We perform WP-GITM modeling with the area seismic source and
validate the simulation results against GNSS-observed TEC perturbations. This work represents a
significant step forward in WP-GITM development for capturing near-field co-seismic ionospheric
disturbances. This is also the first time that seismic ground motion measurements at multiple
locations are utilized to drive an earthquake-ionosphere coupling model.

KEYWORDS : co-seismic ionospheric disturbance
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A seismic sequence characterized by two moderate magnitude earthquakes within about 24
hours followed by one-month long aftershocks sequence occurred in Molise (Italy) in October
and November 2002 [1]. The first mainshock occurred on October 31st (10:33:00 UTC) with local
magnitude equal to 5.4, and caused severe damages in terms of destroyed buildings and human
losses in the town of S. Giuliano di Puglia. Indeed, despite its moderate intensity, the seismic event
killed 30 people, mostly children in a school. A second main event occurred on November 1st
(15:09:02 UTC) with local magnitude equal to 5.3. The understanding of the processes that occur
during the earthquake preparation phase and the capability to detect the associated signals is of
crucial importance in order to prevent such tragic consequences. The combined ground-satellite
study of the ionospheric response to the preparation phase of the 2002 Molise seismic sequence
intends to contribute to such understanding. lonospheric anomalies, detected up to a couple
of months before the two mainshocks by the Rome ionospheric observatory, are considered,
following the multiparametric approach based on ionosonde observations previously applied to
the M5.5+ earthquakes occurred in Central Italy since 1984 [2, 3]. The variations for 2-3 hours of
specific Es and F2 layers parameters, namely h’Es, fbEs, and foF2, are studied in relation to the
geomagnetic activity and the earlier-obtained empirical relations between earthquake magnitude
and features (epicentral distance and anticipation time) of anomalies. In addition, in-situ electron
density (Ne) measurements over the earthquakes preparation region recorded by the CHAllenging
Minisatellite Payload (CHAMP) satellite at altitudes of about 400 km are analyzed, in order to
characterize pre-earthquakes anomalies in terms of abnormal changes of the dNe/dt along the
tracks acquired under quiet geomagnetic conditions.

KEYWORDS : lithosphere-atmosphere-ionosphere coupling, ionosonde, CHAMP

[1] C. Chiarabba, P. De Gori, L. Chiaraluce, P. Bordoni, M. Cattaneo, M. De Martin, A. Frepoli,
A. Michelini, A. Monachesi, M. Moretti, G.P. Augliera, E. D’Alema, M. Frapiccini, A. Gassi, S.
Marzorati, P. Di Bartolomeo, S. Gentile, A. Govoni, L. Lovisa, M. Romanelli, G. Ferretti, M.
Pasta, D. Spallarossa, and E. Zunino, “Mainshocks and aftershocks of the 2002 molise seismic
sequence, southern ltaly”, J. Seismol., 9, 2005, pp. 487-494, doi: 10.1007/s10950-005-0633-9. [2]
L. Perrone, L. P. Korsunova, and A. V. Mikhailov, “lonospheric precursors for crustal earthquakes
in Italy”, Ann. Geophys., 28, 2010, pp. 941-950, doi: 10.5194/angeo-28-941-2010. [3] A. Ippolito,
L. Perrone, A. De Santis, and D. Sabbagh, “lonosonde Data Analysis in Relation to the 2016
Central Italian Earthquakes”, Geosciences, 10, 2020, 354, doi: 10.3390/geosciences10090354.
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In recent years, seismo-electromagnetic phenomena have been reported in various physical
quantities and frequency bands. The group of the University of Electro-Communications has
discovered several cases of atmospheric electric field anomaly around 30 minutes before and
after earthquakes in lwaki (UEC) and Kakioka (JMA) for medium-sized earthquakes (M>5). In this
study, we conducted a frequency analysis of atmospheric electric field data before and after the
earthquake in northern part of Japan, Memanbetsu, Hokkaido (JMA). As a result, we confirmed
that the atmospheric electric field variation in Memanbetsu was similar to that observed in Iwaki
and Kakioka in Honshu (main land Japan). Therefore, the electric field variations with common
characteristics at the three spatially separated stations are likely to be related to the occurrence
of earthquakes, and are important to understand the generation and propagation mechanism of
electromagnetic phenomena preceding earthquakes

KEYWORDS : atmospheric electric field, earthquake
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In recent years, there have been series of reports of ionospheric anomalies detected by GPS
TEC immediately before the onset of large earthquakes (M>8.2) (20 to 80 minutes before the
earthquake). In addition, the University of Electro-Communications group has discovered several
cases of characteristic changes in the atmospheric electric field near the epicenter around 30
minutes of occurrence timings of earthquakes, even for medium-sized earthquakes. In this study,
we investigated the relationship between the atmospheric electric field and the amplitude of the
VLF/LF transmitter electric field just before and after the earthquake for the first time. As a result,
both the atmospheric electric field and the amplitude of the VLF/LF perturbations found to fluctuate
within the same period in several cases. The time difference between the observed atmospheric
electric field and VLF/LF perturbations suggests that the atmospheric gravity waves generated
around the time of the earthquake near the epicenter may have propagated upward and caused
ionospheric disturbances.

KEYWORDS : atmospheric electric field, ionospheric anomaly, earthquake
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Recently, ionospheric anomalies related to earthquakes have been reported and are considered
promising for short-term earthquake forecast.

In Japan region, the previous statistical study during 1958-2017 shows a significant anomaly
1-10 days before the earthquakes with M=6, depth D<40 km, epicenter distance R<350 km in
NmF2.However, the sensitivity of NmF2 anomalies for earthquakes is not clarified. Therefore, we
performed statistical analysis to assess the magnitude, depth, and epicenter distance effects to
positive NmF2 anomalies, using ionosonde data at Kokubuniji, Japan. We defined the anomaly as
the value exceeding median + 1.5 IQR of the NmF2 at the same hour in the previous 15 days and
the anomalous day as ten or more hours of the anomalies appear in one day.

We performed Superposed Epoch Analysis (SEA) to investigate statistical significance in the
correlation between NmF2 anomalies and earthquakes with the random test. SEA results show
that there is a significant NmF2 anomaly 6-10 days before the earthquakes. NmF2 anomalies have
sensitivity for earthquakes with magnitude M=5.8, depth D<40 km, epicenter distance R<350 km.
Furthermore, these results indicated the magnitude, depth, and epicenter distance dependences.

Then, we performed Molchan’s Error Diagram analysis to evaluate the efficiency of NmF2
anomalies for earthquake forecasting. These results indicated that NmF2 anomalies are a
precursor of earthquakes and are more precursory for shallower, larger, and closer earthquakes.
We found the optimum parameters; M26.4, D<20 km, R<200 km lead time A=10, and alarm
window L=1 can detect about 46% of the targeted earthquakes.

KEYWORDS : pre-seismic ionospheric electron density anomalies, ionosonde, molchan’s
error diagram analysis
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Early warning systems of earthquakes play a key role in human life protection especially in highly
populated areas of the earth. First indications have been found in NOAA satellite data, that
particle fluxes of trapped electrons in the Van Allen belts can be correlated to seismic activity on
the ground. A recent study on the August 5, 2018 Bayan Earthquake (EQ) shows and explained
via an analytical model the coupling among the lithosphere, the atmosphere, the ionosphere
and the magnetosphere, through the generation of an acoustic gravity wave (AGW) able to
mechanically perturb the ionospheric plasma density which in turn generates electromagnetic
waves propagating through the magnetosphere. In this contribution, we will investigate the
magnetosphere-ionosphere system from the particle point of view during the same EQ event. We
will use the measurements of low-energy electron flux measurements of the HEPD and HEPP
instruments on-board CSES-01 satellite to search for particle bursts which can be related to the
EQ event.

KEYWORDS : van allen belts, seismic events, electromagnetic wave propagation in
magnetosphere
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J4 Joint Inversion Methods and Other
Interpretation Strategies to Integrate
Multidisciplinary Geophysical Data
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Combining complimentary data sets typically reduces the ambiguity of inversion
results and facilitates subsequent interpretation. Hence, integration of multi-
disciplinary data has become popular in many disciplines including near-surface
geophysics, mineral exploration, sub-basalt and sub-salt problems, gas hydrate
investigations, and studies involving deep crustal and mantle structures. Still,
many questions remain: Which types of data should be inverted together? How
to balance their influence in the inversion? How can we assess the differences
between joint inversion, cooperative inversion and other integrated interpretation
strategies? This session welcomes research using joint inversion or other
approaches to combine different types of geophysical data. Both case studies
and technical contributions are welcome.
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The goals of geophysical techniques are to answer the subsurface’s actual structure and property
under investigation. Geophysical inverse modeling provides a mathematical framework to obtain
a reliable model of the Earth’s subsurface responsible for the field’s measured data. However,
a reliable inversion algorithm depends on the following factors: 1) model parameterization, 2)
forward and sensitivity computation, and 3) inversion approach. We have parameterized and
performed modeling on triangular meshes in the present work to deal with large-scale data sets.
We then computed the forward algorithm over topographic variations for DC and gravity data sets
using the same model parameterization.

We have tested our inversion algorithm on synthetic and field data sets. From the individual
inversions, we have noted the inconsistency in the respective models. Thus, a constrained
inversion (Cl) approach for DC and gravity data is proposed. In Cl, we first perform inversion in
one model domain (say gravity) and then use its results with another model domain (say DC) such
that both model domains are coupled in some way and invert them simultaneously. The algorithm
uses a clustering algorithm to make the petrophysical relationship between density and resistivity.
The developed approach reduces the ambiguity arising from incompatible features across
individual inversion, and the inverted model shows a high level of structural similarity compared
with traditional inversion approaches. The developed methodology is tested on synthetic and
actual field data sets, and it provides us with noticeable results.

KEYWORDS : unstructured grid; constrained inversion, DC resistivity; gravity; large scale.
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Magnetic remote sensing remains a common detection approach for Unexploded Ordnance (UXO)
disposal campaign in various environments. During the last decade, Uncrewed Aerial Vehicles
(UAVs) have provided a brand new approach to such surveying, providing an efficient solution
to previously challenging surveying tasks, with the approach constituting a viable alternative to
other conventional survey methods. One of these approaches in scalar magnetic UAV surveying,
which we briefly present, alongside collected data and inversion results, including detection and
postiioining, obtained through different approaches.
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A persisting general problem in magnetic UXO methods is false positives, due to the challenges
of differentiating between magnetic signatures from UXO and inert objects, e.g., metallic debris.
We augment our discussion by presenting some preliminary results on the UXO/non-UXO
discrimination problem, and present some preliminary results from ongoing work on reduction
in false-positives. Our work includes characterization efforts on size and shape of the source,
which requires quality data with good resolution, similar to what is obtainable using UAV methods.
Part of our discrimination efforts include utilizing such magnetic data from the UAV system in a
probabilistic inversion procedure.

SOME BACKGROUND FOR OUR WORK IS AVAILABLE IN:

+ Kolster, M. E., & Dgssing, A. (2021). Scalar magnetic difference inversion applied to UAV-
based UXO detection. Geophysical Journal International, 224(1), 468-486.

*  Wigh, M. D., Hansen, T. M., & Dgssing, A. (2020). Inference of unexploded ordnance (UXO)
by probabilistic inversion of magnetic data. Geophysical Journal International, 220(1), 37-58.

KEYWORDS : unexoploded ordnance, probabilistic inversion, uncrewed aerial vehicles
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In the present work, a joint inversion approach for different geophysical datasets is proposed.
The algorithm uses machine learning-based techniques to make the relationship among physical
properties to obtain common surface features. Here, | have successfully incorporated prior
parametric information (such as geologic information) into a deterministic inversion framework
using machine learning and advance constrained inversions. As a result, | was able to enhance
the quality of the inverted images. We can extract the prior parametric information from lithology
observations, geological principles, well logs, and complementary data from other geophysical
methods. The resulting subsurface model will satisfy both the observed data and parametric
information and, therefore, can represent the earth better than geophysical inversion models that
only honor the observed field data.

| demonstrated the results on several field datasets. In the first field data example, it is shown that
how ML-based algorithms fulfill two needs. First, the inverted resistivity model honors the fitting
between measured and computed data. Second, the recovered resistivity model was guided by
other prior well-log information. In the second field data sets, we noted the inconsistencies in both
resistivity and density models obtained from the individual inversions. However, the presented
joint inversion approach produced similar resistivity and density models while maintaining the
same error level of the respective separate inversions. At last, the result of machine learning-
assisted 3D joint inversion of gravity and magnetic data was shown as a case study over BIF
mineralization.

KEYWORDS : geophysical inversion, multi-geophysical datasets, machine learning
algorithms
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Receiver functions and dispersion curves have been widely used, separately or jointly, to explore
the crustal structure around the world. In this work, we present a study case in which we used
the joint-inversion algorithm introduced by Julia et al. (2000) to jointly invert P-wave teleseismic
receiver functions and dispersion curves obtained in Mexico City. To estimate shear-wave
velocities in-depth, we performed a geostatistical analysis using the 1D resultant models per
station previously clustered by ray parameter and back azimuth. Altogether, the receiver-function
analysis, the geostatistics, and the corresponding models in-depth suggest the presence of two
crustal discontinuities. The first one is located around 8 kilometers below the surface and is a
relatively high-velocity zone. The second one is located between the 34 and the 46 kilometers
below the surface; we interpreted it as the irregular Moho's geometry, which is consistent with
previous results reported in the literature.

KEYWORDS : joint inversion, receiver functions, dispersion curves
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A region of high electrical conductivity in the lower crust has been observed in regions around
the world since the first electromagnetic soundings were made in the 1960s. Traditionally the
cause of the high conductivity is interpreted based on the tectonic regime the measurements
have been made in. In tectonically active regions melt or fluids or both are inferred, whereas in
old stable regions solid phases such as graphite and sulfides are preferred. We perform multi-
physics inversion of gravity and magnetotelluric data with a novel coupling criterion based on
mutual information of measurements across the western United States. We obtain a combined
density and conductivity model that shows geologic structures with high fidelity. In addition, the
analysis of the density-conductivity relationship retrieved from the inversion reveals that the
simple association of fluid and melts with active regions and solid conductive phases with stable
regions is not compatible with our results. Instead we see structures with high conductivity and
low density (fluids) juxtaposed against structures with high conductivity and high density (solid
conductor). These results demonstrate the multi-physics inversion can help to shed light on
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composition and processes within the Earth and that the simplistic interpretation employed so far
needs to be revised.

KEYWORDS : joint inversion, lithosphere, magnetotellurics
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Sub-basalt imaging of Gondwana sediments for exploration of hydrocarbon and minerals in
different Gondwana sedimentary basins like the Mahanadi, Bengal and Rewa basins of eastern
India pose major challenge due to poor penetration, significant attenuation and mode-conversion
of seismic energy within the basalts. By using ray-trace inversion and robust tomographic imaging
of refraction and wide-angle seismic data, it is possible to delineate very fine details of the sub-
surface geological structures like horsts and grabens, faults, dykes and sills. These techniques
are successfully employed to delineate low-velocity-layer (LVL) Gondwana sediments hidden
below the high-velocity-layer (HVL) basalts having strong lateral and vertical velocity variations,
basement configuration and crustal structures along different deep seismic profiles acquired in
these sedimentary basins. The shallow velocity models obtained using tomographic imaging are
used as input for Pres-stack depth migration (PSDM) to constrain very small and subtle geological
features suitable for hydrocarbon and mineral prospecting as well as basement configuration
having deep basinal faults. The velocity models derived along different seismic profiles in these
basins are further constrained and corroborated by the corresponding density models obtained
from the inversion of Bouguer gravity data. The integrated velocity and density models provide
an insight of the presence Gondwana sediments hidden below the basalts and deep crustal
structures down to the Moho. This study also depicted the tectonic and geodynamic settings of
these Gondwana rift basins forming an edifice of both early and late Cretaceous volcanism, which
are infested by Rajmahal and Deccan volcanic activities in the eastern India.

KEYWORDS : seismic tomography, sub-basalt imaging, crustal structure
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The Eastern Mediterranean is a tectonically complex region composed of a set of structures of the
Tethys Ocean remnant. The initial discovery and mapping of the Kiama zone of inverse polarity
has been performed on the basis of 3D combined modeling of magnetic and gravity fields with
attraction of paleomagnetic and seismic data. Actually it is the first evidence of discovering such an
ancient oceanic crust; therefore additionally integrated analysis of thermal, tectonic, structural and
paleogeographical data has been carried out. The recognized Kiama paleomagnetic hyperzone
suggests transport along transform faults from the eastern part of the Tethys Ocean (region of the
modern Persian Gulf). This hyperzone is discordant to the strike of the Mesozoic terrane belt and
the Aegean-Anatolian plate. Study of geophysical, radiometric and petrological characteristics
indicates that the Kiama paleomagnetic zone is bounded by younger ocean floor rocks. Analysis
of Moho discontinuity map developed for the Eastern Mediterranean by use of the seismo-gravity
analysis testifies that the Kiama zone’s crustal thickness is thicker than the adjacent areas. The
easternmost Mediterranean is characterized by significant lithospheric thickness (up to 125 km)
whereas in the surrounding regions this value is about 100 km. This fact states the significant
geodynamic activity during closing of the Neotethys Ocean. The thermal flow data observed over
the Kiama hyperzone show extremely low values - until 15 mW/m? which testifies to the ancient
lithosphere. The discrepancy between the Nubian-Arabian foreland, oceanic crust and terrane
belt indicates the allochthonous nature of the Eastern Mediterranean.

KEYWORDS : kiama paleomagnetic hyperzone, 3D modeling, integrated analysis
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From a combined analysis of satellite gravity, seafloor topography and seismic tomography of the
upper mantle, our aim is to constrain the dynamic origin of enigmatic 1500-2000km wavelength
structures in seismic and gravity data : elongated low shear velocity signals along the direction of
present-day plate motion (APM) below ocean basins (French et al., 2013), coincident with geoid
undulations in the Pacific ocean (Hayn et al., 2012). We first provide evidence for periodic, APM-
oriented undulations at the 1600-2000km wavelength over broad oceanic areas, where geoid
lows coincide with seafloor topographic lows and upper mantle mass excess, all correlated with
the slow seismic velocity fingers at upper mantle depths. We investigate the density structure
associated with these signals in the context of a model of bi-dimensional thermal convection. We
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show that a thermo-chemical interpretation of the seismic velocities is needed, as at least part
of the mass excess is likely located within the slow velocity anomalies. We propose a model of
secondary convection spanning down to ~1000km depth. As hot upwellings cross a moderately
hydrous transition zone, dense partial melt is formed above the 410 km discontinuity, resulting in
mass excess within them. We analyze the trade-offs between the temperature of the upwellings
and the excess densities and find that the observations favor a sublithospheric low viscosity zone.
Because these features are found both beneath fast moving plates and very slow ones, the flow is
likely not entirely driven by plate motions, and probably includes a contribution from lower mantle
plumes.

KEYWORDS : gravity field, seismology, upper mantle
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We use a correspondence map approach to invert jointly surface-wave dispersion curves and
magnetotelluric data for subsurface shear velocity and resistivity but also for a possible relationship
between them.

Our first experiments consisted of inversions of synthetic data computed from models for which
properties are linked by linear and second-order polynomial relationships. Our methodology
recovered well both the geophysical models and their relationships. The next experiment involved
synthetic data from models of known physical properties, taken from well logs, but without a
known relationship. Our approach produced a model closer to the expected result than when
separate inversions are used. Having validated the approach with synthetic cases, we have
applied our methodology to field data. We compared (i) separate inversions and joint inversions
(ii) with and (iii) without correspondence maps. We found that the 1D subsurface models obtained
by (i) and (iii) were similar but very different from those obtained by (ii), showing that including
correspondence maps in the joint inversion workflow produces superior results.

KEYWORDS : joint inversion, magnetotelluric, dispersion curves
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The gravity data are essential for imaging the heterogeneous density structure of the Earth mantle
but unable to provide a unique solution. The inference of small-scale density structure of deep
Earth interior has to rely on physical relations linking density with other geophysical parameters
and statistical modeling. The exact relation between seismic velocities and density in the Earth
mantle is unknown since it can be affected by temperature, composition, and other factors.
However, the assumption that the spatial variation of seismic velocity and density changes might
have similar statistics seems reasonable to us. The global seismic tomography models agree well
at long wavelengths (1000-3000 km) but often start to diverge at a smaller scale. Thus, detailed
regional models have to be considered for geostatistical analysis. Here, the estimation of the
covariance or the correlation function is a more robust technique than the estimation of the power
spectrum, as the data are spatially localized and band-limited in this case.

We present a new method for the statistical simulation of random fields in the 3D ball using the
covariance functions in angular and radial directions as input parameters. We use this method
to obtain random realizations of density field and incorporate in a probabilistic inversion of
gravity data. The geostatistical prior information provides spatial weighting of the density model
consistent with the spatial variation of seismic velocities. We apply this approach to infer thermal
and compositional anomalies in the Earth’s upper mantle using satellite gravity gradients and
seismological data.

KEYWORDS : geostatistics, seismology, gravity
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J5 Cratons & Mineral Exploration

CONVENERS: Stephan Thiel
Fiona Darbyshire
Prasanta Patro

We seek contributions pertinent to exploration of cratons and the mapping of
mineral systems using electromagnetic and seismic techniques. Contributions that
characterize cratons across scales from lithospheric mapping to camp size using
array and profile data are invited for this symposium. It includes multi-disciplinary
interpretations using other geophysical (e.g. gravity, magnetics, electrical, geoid,
heat flow) and geochemical (e.g. xenolith, isotope, geochronology) data, which
are able to infer mantle and crustal fertility. We encourage submissions that
highlight the importance of lithospheric architecture on position and genesis of
mineral systems, including but not limited to iron-oxide-copper- gold (I0CG),
sediment-hosted deposits, porphyry deposits, gold and diamond deposits.
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Crustal magnetotelluric imaging of a Paleoproterozoic graphitic
suture zone, Curnamona Province, Australia (by invitation)

CORRESPONDING & PRESENTING AUTHOR:

Graham Heinson, University of Adelaide, Australia
Ben Kay, University of Adelaide, Australia
Kate Roberston, Department for Energy and Mining, Australia

The Curnamona Province is a Paleoproterozoic to Mesoproterozoic domain that hosts the Broken
Hill ore body and a number of IOCG deposits, butis mostly covered in Neoproterozoic to Quaternary
cover. 3D resistivity modelling of long-period MT from the Australian Lithospheric Architecture
Magnetotelluric Project (AusLAMP) identified the Curnamona Conductor with extremely low
resistivities ~1 Ohm.m at upper-crustal depths (< 15 km) and lateral extent of >200 km. The
conductor dips to the west, centred under the large igneous province Benagerie Suite Volcanics
with resistivity ~10-100 Ohm.m in a broader lower crustal region. To yield higher resolution of the
Curnamona Conductor, a 56-site broadband MT transect was undertaken with 2 km spacing. We
show consistency between AusLAMP 3D models, and new 2D and 3D broadband MT inversions,
but with higher spatial and vertical resolution.

The linearity, depth-extent and western dipping morphology of the Curnamona Conductor is
remarkably similar to Paleoproterozoic conductors along the eastern margin of the Mount Isa
Province in northern Australia, and the eastern margin of the Gawler Craton in southern Australia.
Plate reconstructions of Paleoproterozoic Nuna supercontinent suggests that these now disparate
cratons were originally contiguous, with extensive subduction along their margin at 1.85 Ga.
Marine sedimentation in accretionary wedges prior to collision occurred during the Lomagundi-
Jatuli Event of a global increase in 613C (2.3-2.0 Ga) with a significant increase in burial of
organic carbon. We argue these Paleoproterozoic conductors represent graphitic suture zones
that are uniquely representative of a time of enhanced carbon burial in Earth’s history.

KEYWORDS : magnetotellurics, curnamona, graphite
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Integration of geological, geophysical and geochemical methods
for exploring the Magmatic Ni-Cu-PGE bearing sulphide
mineralization in Betul fold belt, central India

CORRESPONDING & PRESENTING AUTHOR:
Venkata Vijaya Kumar Pachigolla, NGRI, India
Prasanta K Patro, NGRI, India

Abhirami S G, NGRI, India
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M. Srihari Rao, NGRI, India

Ujjal K Borah, National Centre for Earth Science Studies, India
Setbandhu Mondal, GSI, India

K Chinna Reddy, NGRI, India

Abstract : The Central Indian Tectonic Zone is one of the most significant footprints of the complex
tectonic process that extents a tectono-magmatic history from late Archaean/early Proterozoic to
late Proterozoic era in the Indian peninsula. It contains mainly three major Proterozoic supracrustal
belts from north to south i.e., Mahakoshal, Betul fold belt (BFB) and Sausar. Magnetotelluric
(MT), electrical resistivity tomography (ERT), Induced Polarization (IP), Geochemistry and well
logging techniques have been implemented to understand the complex geological processes
involved in the generation of Ni-Cu-PGE bearing magmatic sulphide mineralization in the BFB.
Geochemical analysis of field samples inferred the presence of potential host rocks for Ni-Cu-
PGE bearing sulphide mineralization. MT data from two profiles were analysed and modelled
using 2D and 3D inversion algorithms. The 2D and 3D MT models are compared and robust
conductivity anomalies are interpreted in connection with geochemistry and physical properties of
the core samples explains the origin of Ni-Cu-PGE mineralization in the study region. The near-
surface conductors observed in the ERT sections at shallow depth correspond to the sulphide
mineralization formed due to secondary hydrothermal fluids and have percolated as veins in the
host Padhar mafic-ultramafic complex. They corroborate with the MT results. MT studies reveal
an interesting feature is moderately conductor which is associated with magmatic Ni-Cu-PGE
deposits are associated with mantle-derived mafic/ ultramafic complexes related to lithospheric
architecture. The geochemical studies also suggest that the parental magma was generated from
subduction modified, metasomatized, enriched mantle source, and emplaced in a continental
magmatic arc setting.

KEYWORDS : magnetotellurics, induced polarization, Ni-Cu-PGE-sulphide mineralization,
betul fold belt, central India
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Constraints on the crustal architecture of a metallogenic belt
— Implications for mineral genesis and emplacement from 3-D
electrical resistivity models

CORRESPONDING & PRESENTING AUTHOR:
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Alexey V. Kuvshinov, ETH Zurich, Switzerland

Sodnomsambuu Demberel, Mongolian Academy of Sciences, Mongolia
Erdenechimeg Batmagnai, ETH Zurich, Switzerland

Shoovdor Tserendug, Mongolian Academy of Sciences, Mongolia

Crustal architecture strongly influences the development and emplacement of mineral zones,
primarily due to its control on fluid flow. We image the crustal structure beneath a metallogenic
belt (Bayankhongor area, central Mongolia), which is narrow and long (~20x100 km) and
contains important mineralization zones and sources of copper and gold. Nearby, at the edge of
a Precambrian micro-continental block, an ophiolite belt marks the location of an ancient suture
zone, providing evidence for the subduction-related closure of a paleo-ocean. However, the
crustal structure of these features, and their relationships, are not well studied.
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We use natural-source magnetotelluric data to generate three-dimensional electrical resistivity
models of the crustal structure. The models show that anomalous, low-resistivity (<50 ohm-m)
zones in the upper crust are spatially associated with the surface expressions of known mineral
deposits. In contrast, the background is generally resistive (>1, 000 ohm-m). Anomalous low-
resistivity zones are also congruent with the suture zone/ophiolite belt, which is revealed to be a
major crustal-scale feature.

The low resistivity can be explained by hydrothermal alteration along fossil fluid pathways. This
illustrates the pivotal role that crustal fluids play in diverse geological processes. By combining our
electrical resistivity results with other geological and petrological data we attempt to gain insights
into the emplacement and origin of the mineral resources. The results of this study support the
hypothesis that the crustal architecture, including major crustal boundaries, acts as a first-order
control on the location of mineral deposits and metallogenic belts.

KEYWORDS : crustal architecture, mineral zones, hydrothermal alteration
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The Thermochemical Structure of Superior Craton from Multi-
Observable Probabilistic Inversion
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Riddhi Dave, UQAM, Canada
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Constraining and understanding the thermochemical structure of the lithosphere is an essential
step in interpreting the interactions between the lithosphere and the underlying mantle, which can
then be incorporated into exploration workflows. Though these features of the lithosphere can be
imaged using geophysical inversion or analyzed from xenolith samples, there exists a great deal
of inconsistency between competing models and datasets. Multi-observable Thermochemical
Tomography (MTT) provides a probabilistic inversion framework that utilizes geology as the fabric
to integrate multiple geophysical techniques and incorporates a priori geochemical knowledge.

In this contribution, we present results from an internally consistent thermochemical model of
the Superior craton region which comprises the nucleus of the Canadian Shield and has seen
modification from processes of localized ductile reworking at its northeastern and northwestern
margins, hotspot passage, impingement of the midcontinent rift, and orogenesis along its margins.
Combining surface-wave data, body-wave data, absolute elevation (local and dynamic), geoid
height, surface heat flow data, gravity anomalies, along with petrological information, this model
will directly characterize the Superior craton’s origin and tectonic evolution, providing insight into
its resource potential.

KEYWORDS : superior craton, thermochemical tomography
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Mapping IOCG alteration footprints in the Olympic Domain, South
Australia using magnetotellurics

CORRESPONDING & PRESENTING AUTHOR:
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Wenping Jiang, Geoscience Australia, Australia

We present results of 334 ultra-wide band MT stations across an area of 100 km x 100 km
in the prospective eastern Gawler Craton. The survey area is situated ~100 km south of the
supergiant Olympic Dam IOCG deposit, across an area of several IOCG deposits and prospects,
including Carrapateena, Oak Dam, and Khamsin. The main aim of this survey was to identify
and characterise the lithospheric-scale signature of known and potentially unrecognised IOCG
mineral systems and provide insight on the crustal architecture and deep processes that occur in
areas that host mineralisation. Regional AusLAMP MT results have highlighted the importance of
first order lithospheric architecture along craton margins, and the metasomatised Gawler Craton
mantle signature.

Results from detailed 2D and 3D inversion of magnetotelluric data of the in-fill array, airborne
EM measurements and geochemical analyses demonstrate a coherent view of the 10CG
alteration systems in South Australia. IOCG targets are associated with discrete upper crustal
and sub-vertical conductivity pathways beneath IOCG deposits and prospects spanning several
kilometres in width and extending to the mid-crust. The conductive pathways align with Bouguer
gravity gradients, hinting at deformation pathways along faults. New insights into the geochemical
alteration patterns for IOCG mineral systems based on Canadian analogues allow an explanation
for the enhanced conductivities.

KEYWORDS : magnetotellurics, Australia, IOCG
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Delineating Sulfide Mineralization using Potential Field and
Petrographic Data over Western Margin of Greenstone Belt of
Dhanjori basin, Eastern Singhbhum craton

CORRESPONDING & PRESENTING AUTHOR:
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Shalivahan Srivastava, Indian Institute of Technology (Indian School of Mines) Dhanabad, India

This study presents the analysis of gravity, magnetic data along with petrographic results over
the western margin of Proterozoic metavolcanics in Dhanjori basin, Eastern Singhbhum craton.
3D Inversion of any geophysical data set is one of the most efficient technique in visualizing
the subsurface mineralized targets on the basis of contrasts in its physical properties. Contrasts
in density and magnetic susceptibility values obtained from inversion showed the subsurface
information up to a depth of ~300m with different geological domains including metabasalt +/-
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sulfide, dolerite, quartzite, QPC, granite and magnetite. 2.5D gravity modelling constrained with
electrical resistivity tomography (ERT) data delineates two distinct dimensions of high density and
low resistivity indicative of sulfide ores at a depth of ~40m. Traces of these mineralization is also
evident from reflected light photomicrographs, electron probe micro analysis (EPMA) and back
scattered electron (BSE) over quartzite rocks. These petrographic study, previously published
borehole and ERT results links gravity and magnetic data in delineation of possible anomalous
country rocks bearing sulfide minerals and also aid in optimizing non uniqueness of potential field
data.

KEYWORDS : greenstone belt, 3D inversion of potential field, sulfide mineralization
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The Temagami Geophysical Anomaly, Superior Craton, Canada:
Evidence for Rifting and Mineral Endowment

Ademola Adetunji, Laurentian University, Canada

CORRESPONDING & PRESENTING AUTHOR:
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The Temagami Geophysical Anomaly (TGA) is situated in the Paleoproterozoic Huronian
Supergroup near the southern margin of Archean Superior craton, along strike from the
Temagami Greenstone Belt, 50 km northeast of world-class metal endowment in the Sudbury
Igneous Complex. It has been attributed to coincidental geophysical responses from Neoarchean
iron formation and a Paleoproterozoic mafic-ultramafic intrusion. The TGA was investigated
using integrated magnetotelluric, magnetic, gravity and seismic reflection datasets to define
the geometry of its sources and to examine the relationship of Archean basement structure, the
mafic-ultramafic intrusion, and Proterozoic rift structures.

Geophysical results reveal a strong conductor, interpreted to be iron formation, extending
downwards from the Archean basement surface and enveloping the upper margin of a large
magnetic, dense body at 5 km depth. The geometry is consistent with a mafic-ultramafic intrusion
adjacent to greenstone rocks. Alignment of the long-axis of the intrusion with the greenstone belt
suggests control on the intrusion process by the Neoarchean structures. The 60x10x10 km TGA
intrusion lies within the mantle-plume, rift-related Huron-Nipissing magmatic belt and interpreted
to be a member of the 2.491-2.475 Ga East Bull Lake intrusive suite. Based on this genetic
relationship, it probably contributes significantly to PGE-Ni-Cu endowment of the Sudbury region.
The spatial correlation of the intrusion with an overlying 20 km wide, 4.5 km deep, fault-bounded
rift basin is attributed to crustal subsidence triggered by the intrusion. Seismic reflection and
magnetotelluric results show that younger Huronian Supergroup rocks recorded the transition to
sedimentation on a laterally-extensive passive margin.

KEYWORDS : superior craton, magmatism, rifting
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Utilization of magnetic data from EMAG2 model to identify the
structural control in concentrating base metals in the parts of
Bhilwara district, Rajasthan

CORRESPONDING & PRESENTING AUTHOR:
Nikhil Kumar Baranval, National Remote Sensing Centre, India

This study presents the role of magnetic anomalies derived from Earth Magnetic Anomaly Grid
(EMAG)-2 model to identify the structural control of base metal. We have derived estimated
residual magnetic anomaly map from total magnetic anomaly using Gaussian high-pass filter
to identify structural controls contributed in concentrating base metal. The residual and regional
magnetic targets were separated at 8 km subsurface depth. In this study, we observed high
magnetic anomalies surrounded by very low magnetic anomalies along the NE-SW trend in
residual magnetic anomaly map. This indicates that the mineralized bodies having high magnetic
response are controlled by structure elements striking in the NE-SW direction. These high
magnetic anomaly zones were enriched by base metals copper, zinc, etc. confirmed from the
mineralization data available in BHUKOSH developed by Geological Survey of India. The upward
continuation techniques applied in residual magnetic anomaly estimated the potential field depths
of the structural control in concentrating base metals between up to 300 m.

KEYWORDS : residual magnetic anomaly, EMAG2, upward continuation
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J6 Marine Geophysics

CONVENERS: Amir Haroon
Vera Schlindwein

More than 70% of the Earth surface is covered by ocean. Yet, a high percentage of
the ocean or the subsurface below the seafloor remains unexplored. This session
invites all contributions of marine geophysical research ranging from small to
large scales aimed at characterizing various structures of the Earth’s interior from
water column investigations to deep mantle studies. Fields of research include,
but are not limited to synthetic modelling, instrumentation, survey design, data
acquisition and novel data processing, visualization, andinterpretation procedures.
We invite contributions from various fields of geophysical investigations including
seismological, electromagnetic, geochemical, magnetic, gravity, and multi-beam
surveying. A particular focus will lie on multi-disciplinary interpretation of different
data sets, and multi-dimensional imaging of the Earth’s interior.
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Acoustic impedance inversion using well log data based on
modified Alternating Direction Method of Multipliers
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Kalachand Sain, Wadia Institute of Himalayan Geology, Dehradun, India

We use the modified alternating direction method of multipliers (ADMM) method to invert acoustic
impedance (Al) of well log data. The proposed method incorporates amplitude compensation and
inversion as a single processing step and depends on modification of the convolution between
the time-variant wavelet and the hidden reflectivity. In the ADMM solving scheme, the limited
memory Broyden-Fletcher-Goldfarb-Shanno (L-BFGS) algorithm and the generalized iterated-
shrinkage algorithm (GISA) have been utilized to solve the relative sub-optimization problems.
With the assumption that the calculated reflectivity is sparse and the addition of Ip-norm (0<p<1)
regularization in the inversion objective function, the ADMM solving method for nonconvex
minimization has been improved to deal with such ill-posed and nonlinear problem. As a distributed
optimization approach, ADMM could be flexible enough to search for the global minimum of the
objective function. Nevertheless, the poor quality of the seismic data will lead to an unstable
inversion and a deviation of the result. These negative impacts should be taken into account and
eliminated by certain advanced techniques. We have investigated the performance of the method
on synthetic seismic data as generated from sonic and density log, after converting both the logs
from depth to time domain. This technique can be used to capture a unique Al solution without
strong discontinuity. Furthermore, it is insusceptible to the quality of the input data.

KEYWORDS : ADMM, L - BFGS, GISA
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A capillary pressure-based rock physics model for saturation
estimation from 4D seismic data in Sleipner field
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Understanding the effect of fluid saturation in rocks is crucial to characterize the hydrocarbon
reservoir. Monitoring of fluid concentration specifically becomes challenging during a sequestration
program because the objective is to understand the amount of initial fluid replaced by liquid/gas
injection and identify the probability of leakage with time. Conventionally, prediction of saturation
requires modelling of elastic properties of the rock by an appropriate rock physics model with an
apriori assumption of either uniform or patchy type of distribution. This initial assumption is the
basis of choice of rock physics model and practically there is always an additional uncertainty
associated with this assumption. Therefore, discrimination between patchy and uniform type
of gas distribution in the pore space is essential to predict gas saturation accurately. Capillary
pressure equilibrium theory (CPET) based on the assumption of a state of capillary equilibrium of
different phases in the reservoir solves this problem to a certain extent, which is particularly useful
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for large elastic bounds that cause uncertainties in saturation analysis using conventional rock
physics models. In this work, a practical approach based on the CPET has been used to analyse
the effect of partial saturation of CO2 gas on the elastic properties of CO2-sequestered reservoir
in the Sleipner field, North Sea and interpret the impedance volume obtained by inversion of 4D
seismic data in terms of saturation volume. We find that the distribution of gas is uniform type at
higher saturation, whereas, it is patchy at low saturation of gas.

KEYWORDS : CPET, 4D, rock physics
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Classification of lithology from downhole NMR data using
machine learning technique
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Machine learning techniques are found simple, easy and effective to process large and complex
geophysical data. Here, we use machine learning techniques on downhole Nuclear magnetic
resonance (NMR) logging data to map gas hydrate-bearing sediments at Hole-01A of the second
Indian National Gas Hydrate Program (NGHP-02) in the Krishna-Godavari offshore basin. NMR
data contain amplitude distribution with transverse relaxation time (T2) of hydrogen nuclei of the
pore fluid, which depends on the fluid type, pore size and grain size distribution in the sediments.
We apply unsupervised techniques Davies-Bouldin index, silhouette, k-means clustering and
self-organizing map (SOM) on NMR T2 curves to obtain an optimum number of classes with
a similar and unique signal shape and interpreted them in terms of lithology with depth. The
optimum number of NMR classes is interpreted in terms of clay, silt, sand and pebble/gravel,
which are further reconciled with other log data such as gamma ray, density, porosity, resistivity,
velocity and photoelectric factor. Our results show five types of classes with lithology dominated
by silty-clay and minor sand. The presence of gas hydrate is interpreted by observing an overall
low amplitude T2 signal, which is due to the reduction of pore space by solid gas hydrate. The
maximum concentration of gas hydrates of about 40% with an average of about 20% of the pore
space estimated using NMR- and density-porosity are distributed mainly in silty-clay.

KEYWORDS : Krishna-Godavari basin, NGHP-02, NMR T2 distribution
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Estimation of porosity and gas hydrate saturation using VFSA
along a 2D seismic line in Krishna Godavari basin, eastern Indian
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Gas hydrate saturation and porosity are the two essential parameters for characterizing a gas
hydrate reservoir. Generally, porosity derived from well log data is interpolated over the seismic
section for the estimation of gas hydrate saturation. Here, we propose a method to invert both
porosity and gas hydrate saturation directly by inverting seismic data using the global optimization
technique, known as the Very Fast Simulated Annealing (VFSA). The proposed method is first
tested on well logs in the Krishna-Godavari offshore Basin. The forward problem is defined using
a polynomial equation developed using impedance, water saturation, and porosity. The initial
model for the water saturation is directly calculated using the three-phase Biot equation; the
initial model for porosity is calculated using the interpolation of available porosity logs. The VFSA
selects porosity and gas hydrate saturation (1 - water saturation) in the model space by following
a cooling schedule and finally yields the best fit model by minimizing the misfit between the
observed and predicted seismic data. The probability density function of the parameters and the
correlation matrix between the model parameters (gas hydrate saturation and porosity) are also
calculated to determine the associated uncertainty. Inversion results show that the approach used
in this study is robust and can be efficiently used for the prediction of porosity and gas hydrate
saturation from seismic data.

KEYWORDS : VFSA, porosity, gas hydrate saturation
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Estimation of fracture porosity and gas hydrate saturations in
the Krishna Godavari offshore basin, India
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The study aims to investigate the effect of fractures in prospective gas hydrate zones in the
Krishna-Godavari (KG) offshore basin, India. We use logging while drilling (LWD) resistivity
and sonic velocity logs at Hole 22A in the KG basin acquired during the second expedition of
the National Gas Hydrate Program (NGHP-02). Fracture porosity plays an important role in the
characterization of gas hydrate-filled vertical fractures and estimation of gas hydrate saturations.
Herein, we propose a joint analysis of resistivity and velocity logs to estimate the appropriate
fracture porosity. A modified three-phase Biot type equation for velocity and Archie’s empirical
equation for resistivity are used to model the isotropic media. The transverse isotropic theory for
laminated media is used in the anisotropic analysis of gas hydrate reservoir. The results from joint
analysis of resistivity and velocity logs demonstrate the fracture porosity of 7.5% at Hole NGHP-
02-22A. It is also found that resistivity and velocity-derived average saturations are 12 and 14%
for pore-filling and 36 and 16% for fracture-filling, respectively. These estimates show a good
correlation with the pressure core measurements.

KEYWORDS : fracture porosity, gas hydrates, anisotropy
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Reservoir characterisation to assess resource potential of
hydrocarbon in the Gulf of Khambat, Mumbai offshore, India
from seismic and well log analysis
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The Mumbai Offshore basin is known as the most productive zone among all the petroliferous
basins of India after major oil and gas fields were discovered here. However, the Gulf of Khambat
situated in northern most part of the Mumbai offshore has not been explored extensively. We aim
to locate potential reservoir zones among Paleocene, Eocene and Oligocene sequences in Tapti,
Daman, Mahuva, Pipavav, Panna and Deccan Trap formations of the study area. We process all
available well logs drilled in Block MB-OSN-2004/1 in detail and conduct petrophysical analysis by
multimineral modelling, image log analysis and dipole sonic log analysis to explore hydrocarbon
prospects in this area. Whenever available, relevant information from other sources like cuttings
report, mud log, and other logs like resistivity data, and local knowledge about field are integrated
with the petrophysical analysis study. The inferred lithology of the study area is mainly shaly-sand
or shaly-limestone with porosity in the range of ~10-40%. We do well log correlation with the
seismic data, joint analysis of both the data and inversion to obtain the impedance volume from
the 3D seismic data. Quantitative interpretation of hydrocarbon mainly gas is calculated from
the observed sonic impedance at different well locations using standard rock physics modelling.
Finally, machine learning tool is used to obtain the 3D gas saturation volume using saturation
obtained at well locations and 3D impedance volume. We estimate gas saturation within porous
sand layers ranging from 5-60%. Development of new technology is required to exploit the
reservoir commercially.

KEYWORDS : well log analysis, seismic inversion, rock physics machine learning
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Krishna-Godavari (KG), a deltaic sedimentary basin, was evolved as a result of continental rifting
and seafloor spreading processes during the Late Cretaceous period (140-120 Ma) between
India, Antarctica and Australian plates. The thick sedimentary cover and continuous supply of
sediments by the Krishna and Godavari rivers make the basin a suitable womb for hydrocarbon
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accumulation. The present study aims for a joint interpretation of subsurface structures in the KG
offshore basin using seismic, gravity and deep well data. The time migrated 2D multi-channel seismic
data acquired by CSIR-NGRI and satellite gravity data are utilized for interpreting the geological
and tectonic features of the basin. The seismic data is initially conditioned using Dip Steered
Median Filter (DSMF), such that noisy events masking the subsurface geology are eliminated
to have a well-defined image which can be readily interpreted. The data is interpreted along the
dip direction (NW-SE profiles) which shows dominating undulations in seabed topography while
it is mostly flattening along the strike direction (NE-SW profiles). Many geological, structural and
tectonic features such as faults, folds, horsts/grabens, channels, gas upthrusts/chimneys, mini fill
basins, blanking, chaotic reflections, and Mass Transport Deposits (MTDs) are delineated along
the seismic lines. The bottom simulating reflector (BSR), which is a prime marker for gas-hydrate,
is also identified along the profiles. All the major reflectors are picked on the seismic sections and
correlated with the lithological formations of deep well. Gravity responses and their variations
along the seismic lines are calculated and modelled to ascertain the subsurface structures.

KEYWORDS : Krishna-Godavari basin, seismic, subsurface features
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A standard broadband ocean bottom seismometer (OBS) package of the U.S. OBS Instrument
Pool (OBSIP) carries a seismometer and a pressure sensor. The purpose of the pressure sensor
is manifold and includes the capture of pressure signals not picked up by a ground motion sensor,
but also for purposes of correcting the seismograms for unwanted signals generated in the water
column. The instrument response of the widely used Cox-Webb DPG remains poorly known, and
can vary by individual sensor.

Efforts have been under way to construct and test DPG responses in the laboratory. But the
sensitivity and long-period response are difficult to calibrate as they vary with temperature and
pressure. Here, we present a way to test the response for each individual sensor and deployment
in situ in the ocean. This test requires a relatively minimal and inexpensive modification to the
OBS instrument frame that allows a drop of the DPG by 3 inches after the OBS package settled
and the DPG equilibrated on the seafloor. The seismic signal generated by this drop is then
analyzed in the laboratory upon retrieval of the data.

The results compare favorably with calibrations estimated independently through post-deployment
data analyses of other signals such as Earth tides and the signals from large teleseismic
earthquakes. Our study demonstrates that observed response functions can deviate from the
nominal response by a factor of two or greater with regards to both the sensitivity and the time
constant.

KEYWORDS : ocean bottom seismometers; ocean pressure sensors; sensor calibration
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Increasing broadband seismic station density in marine environments is crucial for understanding
local and distant seismic activity. The recently engineered and successfully commercially deployed
Guralp Aquarius OBS system overcomes technical, logistical and financial barriers and redefines
boundaries for offshore seismic research.

Aquariusis aportable autonomous OBS combining abroadband seismometerwith wireless acoustic
communication while deployed at depths of up to 6000m for up to 21 months. Communication on
demand allows operators to retrieve specific data for download during deployment period, while
a continuous record is preserved on the OBS for full analysis after retrieval. Possible surface
acoustic modem platforms vary from fixed buoys with satellite communication, passing ships
of opportunity, wave-gliders or small private boats for manned visits. Modular design allows
configuration of additional hydrophone and pressure gauge sensors with acoustic modem
variations available to suit operator priorities.

Well-proven digital feedback control allows Aquarius to operate at any angle, thereby reducing
landing site risks while excluding noise inherently associated with gimbal-controlled levelling
systems. Acoustic communication during installation allows operators to assess the quality of the
landing site before committing or repositioning. During recovery, ultra-fastrecharging facilitates rapid
turnaround times for re-deployment (1-hour charge per month deployment) without returning to port.

Further avenu