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SUMMARY

(3 & 2 o 7

Title
Geophysical Characteristics of Zealandia-Antarctic Mantle
Purpose and Necessity of R&D

Identification of the Zealandia-Antarctic Mantle Domain is the result of a joint
international research project led by the Korea Polar Research Institute since
2011, and is significant in that it is the world's first to identify a new mantle
domain that was previously unknown. However, it only suggested the existence
of a new mantle domain, but subsequent studies have not yet revealed how
this mantle domain has evolved in geologic time and space, and how the
evolutionary process has been causally related to and interacted with the

evolution of the mid-ocean ridge and oceanic crust, and submarine volcanism.

This study aims to provide geophysical constraints to characterize the eastern
and western boundaries of the Zealandia-Antarctic Mantle Domain by
determining mantle inhomogeneities, geodynamic properties and origin of the
mantle domain. Thus, we explore the geophysical properties of the
Zealandia-Antarctic Mantle Domain in terms of gravity, magnetism, and
tectonical evolution through reconstructions of volcanism and plate tectonic

motions in the vicinity of Australia-Antarctic Ridge.
Contents and Extent of R&D

Morphological analysis of seamounts in KR1 segment, the easternmost part of
the Australia-Antarctic Ridge, is carried out using the shipboard multibeam data
from the IBRV Araon. Such morphologic characterists of seamount may
provide insights into the movement of material within the Earth, including
geologic processes occurring in the oceanic lithosphere and the structure of

magma supplies.



Using the shipboard magnetic data, we constrain the ages of off-axis seamounts
found around the KR1 segments. The traditional method for determining the
age of a submarine volcano is through geochemical dating of rock samples
obtained from the volcanic body, but this tends to only indicate the age of
recent eruptions. Using a 2-D magnetic modeling approach, we seek to
determine the age of submarine volcanoes by exploiting the discrepancy
between the observed and predicted seafloor magnetic anomalies due to the
different formation timingss of the submarine volcanoes and their underlying
oceanic crust.

In addition to plate boundaries with relatively narrow areas, such as the
mid-ocean ridge, there are also diffuse plate boundaries that accommodate
kinematic differences between plates through internal deformation. The
Macquarie Microplate in the Australia-Antarctic Ridge is a prime example of
diffuse boundary. Similarly, the Indo-Australian Plate has also been split into
multiple microplates. To analyze the geophysical properties of these
microplates, we use bathymetry, gravity, magnetics, plate motion models, and

seismic tomography models.

R&D Results

The spatial distribution of seamounts found in the KR1 segment can be
categorized into three regions: eastern, central, and western. In particular, a
total of 20 seamounts have been characterized in the study area, and they can
be classified into two categories according to the size of the seamounts and
the distance from the ridge axis. We also found that the seamount that
comprise the seamount chains have large values for height, base area, and
volume. Such seamounts might be likely created by the upwelling of small-scale
melts caused by mantle inhomogeneities in the asthenosphere. The volume of
the submarine volcanoes tends to increase with increasing base area to ~520
m in height. In contrast, a series of smaller submarine volcanoes to the west
of KR1 show an increasing factor of ~150 m height with increasing base area,
possibly related to temporal changes in the structure of the magma supply
beneath the ridge axis.

Geomagnetic modeling was performed on the above seamount to determine the
age of each volcanic edifice. While some of the seamounts were created at the
same time as the oceanic crust, others exhibits the geomagnetic reversal
patterns that differ from the oceanic crust. Such time difference between the
seamounts and their underlying seafloor indicates that the magma supply along

the KR1 extension axis has varied in time and space.



The methodology presented in this study to date seamounts using shipboard
magnetic data is different from previous studies because of the way the data
were acquired. In previous studies, shipboard magnetics has typically been
measured perpendicular to the seafloor spreading, rather than parallel to it, or
with no particular orientation. In this study, however, the marine gmagnetic
survey lines were set parallel to the seafloor spreading, which had the
advantage of allowing for effective comparisons with geomagnetic reversals in

the oceanic crust.

The formation of microplates has been shown to be accompanied by changes
in axial morphology in response to plate motion changes, such as propagation
rifts and overlapping spreading centers in the mid-ocean ridge. The total length
of these ridge axes can be considered a factor in determining the regional
extension of microplates. Previous studies have suggested that the threshold
size for microplates to be distinguished from major plates is about 107.5 km?
However, there was no clear pattern in the number and spatial distribution of
these small plates. In this study, we calculated the area of microplates to see if
they follow the previously proposed relationship. Comparing the surface areas
of the microplates, the Capricorn microplate (~2.5 x 10° km?®) and the Bauer
microplate (~8.5 x 10° kmz), which are the largest in size, were defined in the
Indian and Pacific oceans. Most other microplates were found to be much
smaller, around ~3.0 x 10° km® or less. This suggests that newly forming
microplates must compete for area growth with existing plates located in the
vicinity within a range of ~10°° km? The response of the mid-ocean ridge
system to changes in plate motion plays a crucial role in the formation of
microplates. Our analysis suggests that the critical length of the mid-ocean
ridge for a plate to maintain its territorial expansion is about 600 km.

We also find that the overall spreading rates of the microplates examined in
this study are consistently faster than ~70-80 mm/yr, and in particular, the
Mammerickx Microplate formed when the spreading rate between the
Indo-Antarctic Plate was 75-105 mm/yr. These results suggest that microplates

can only form and evolve at spreading rates of ~70 mm/yr or higher.

Application Plans of R&D Results

The intra-transform spreading zone, located east of the Australia-Antarctic
Ridge, is a dense network of short ridge axes of 30 km or less separated by
transform faults and rift zones over a distance of approximately 1000 km. The

nature of these geologic structures has not been characterized by



high-resolution shipboard geophysical surveys, as many areas have not yet been
surveyed. By compiling previously published geophysical data, including
shipboard geophysical data from IBRV Araon, we aim to first define the
characteristics of the seafloor morphology. In addition, we plan to define a
plate motion reconstruction model to reconstruct the formation environment
and evolution of the intra-transform spreading zone using literature and
shipboard magnetic data. The defined data will be used to constrain or validate

the results of subsequent numerical model simulations.

These geomorphic and tectonic characteristics of the intra-transform spreading
zone, which has more than 15 short ridge axes within its interior and is
characterized by relatively shallow water depths, make it different from other
intra-transform spreading zones. Extensional rifting has been proposed as a
simplified tectonic model in which new oceanic crust is created in the void
created by the extension of transform faults due to changes in plate motion.
However, how the geophysical properties of the underlying mantle contribute
to the creation of oceanic crust within an extensional rift has not been
discussed in the literature. In particular, the sutdy area is characterized by
short extensional boundaries that are two to three orders of magnitude shorter
than in other regions, and understanding how these characteristics correlate
with the structure of the underlying mantle is of great relevance to

characterizing the Zealandia-Antarctic Mantle Domain.
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