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I. Title

Geophysical Characterization of Zealandia-Antarctic Mantle

Il. Purpose and Necessity of R&D

The identification of the Zealandia-Antarctic mantle represents a significant
scientific achievement from international collaborative research led by the Korea
Polar Research Institute since 2011, marking the world's first discovery of a
previously unknown mantle domain (Park et al, 2019). However, while the
existence of this new mantle domain was demonstrated, subsequent research was
needed to understand how this mantle region evolved through geological time and
space, its causal relationships with mid-ocean ridge and oceanic crust evolution,

seamount formation, and its interactions with surrounding geological features.

This research, as a commissioned study under the main project "Characterization
and Origin of Zealandia-Antarctic Mantle," aims to provide geophysical research
results necessary for estimating the eastern and western boundaries of the
Zealandia-Antarctic mantle, understanding mantle heterogeneity, and characterizing

geodynamic properties and origins.

lIl. Contents and Extent of R&D

This Phase 2 research (2023-2025) was conducted with the following scope:

Year 1 (2023): Evolution study of the Australian-Antarctic Ridge propagating rift
system, including characterization of tectonic features and numerical modeling for
understanding co-evolution between propagating rifts and the Zealandia-Antarctic

mantle.



Year 2 (2024): Deep structure study of the Zealandia-Antarctic mantle (Part 1),
including improvement of plate motion reconstruction models and analysis of
correlations between plate motion reconstruction and mantle evolution

characteristics.

Year 3 (2025): Deep structure study of the Zealandia-Antarctic mantle (Part 2),
including density distribution characteristics and geophysical boundary delineation

of the Zealandia-Antarctic mantle.

IV. R&D Results

1) Comprehensive Geophysical Characterization of a New Mantle Domain: The
gravity anomalies, density distribution, and geophysical boundaries of the
Zealandia-Antarctic mantle were comprehensively characterized. This research
quantitatively demonstrated that the Zealandia-Antarctic mantle is distributed
between 150°E and 170°W longitude and between 58°S and 65°S latitude,
possessing unique geophysical characteristics distinct from surrounding mantle

regions.

2) Development of Novel Dating Technique for Submarine Volcanoes: A new dating
technique using marine magnetic data for submarine volcanic edifices was
developed and internationally recognized as an innovative approach. The paper
applying this technique was selected as the most downloaded paper of 2021 in

the respective journal.

3) Global Threshold Conditions for Microplate Formation: Through systematic
comparative analysis of microplate formation environments and evolution
characteristics worldwide, the mechanical conditions for microplate formation were
quantified for the first time. Results showed that microplates can only form and
evolve in environments where the full spreading rate exceeds approximately 60

mm/yr.

4) Redefinition of FEast-West Antarctic Separation Timing: Analysis of newly
acquired marine magnetic data from the Central Basin in the northwestern Ross
Sea provided decisive evidence advancing the initiation of East-West Antarctic
separation from the previously known Chron 20 (~43 Ma) to Chron 24 (~53 Ma),
approximately 10 million years earlier. These results have been submitted to

Nature Communications and are currently under review.



V. Application Plans of R&D Results

1) Need for Additional Research: Further research is needed on propagating rift
evolution mechanisms, temporal evolution of the Zealandia-Antarctic mantle, and

additional exploration of Central Basin and the Ross Sea.

2) Application to Other Research: The results directly contribute to the main
project "Characterization and Origin of Zealandia-Antarctic Mantle." Additionally, the
marine magnetic dating techniques, numerical modeling frameworks, plate
reconstruction methodologies, and mantle density inversion methods can be

broadly applied to other polar marine geoscience research.

3) Academic Impact: This research is expected to contribute to establishing new
paradigms for studying newly defined mantle domains, deepening understanding of

mid-ocean ridge-mantle interactions, and improving plate reconstruction accuracy.
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