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Investigating tectonic structure and relative plate motion
of the Australian-Antarctic Ridge using shipboard gravity

and magnetic data
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Investigating tectonic structure and relative plate motion of the
Australian-Antarctic Ridge using shipboard gravity and magnetic data

Il.  Purpose and Necessity of R&D

To reconstruct Macquarie Plate's past plate motion, finite rotation parameters
for 8 different magnetic isochrons (lo, 2, 2Ay, 2Ao, 3y, 30, 3Ay and 3Ao) are
to estimated from high-resolution shipboard magnetic data obtained using
IBRV Araon. We utilize these shipboard measurements after conducting proper
post-processing to locate magnetic reversals on the eastern parts of South
East Indian Ridge (SEIR). Interpretation on these data is essential to compute
relative plate motions between Macquarie-Antarctic plates over the last 7
million years.

Geochemical dating on rock samples taken from seamounts is the most
traditional method for determining the age of seamounts. However, such
rock-based dating tends to reflect the most recent volcanic eruption. In this
study, we determine the seamount formation time using shipbaord magentic
data.

[1l.  R&D Results

Finite rotation parameters for eight different magnetic isochrons (lo, 2, 2Ay,
2Ao, 3y, 30, 3Ay, and 3Ao) for Macquarie-Antarctic Plate were computed using
the newly measured geomagnetic data from IBRV Araon. In order to increase
the temporal and spatial resolution of geomagnetic data, we also utilized the
archived geomagnetic data. However, in the case of such archived data, the
location information may be inaccurate. So, we perforemd additional quality
control processes on such archival datasets.



The most noticeable change in the revised plate reconstruction models is the
location of rotation poles for the Australia-Macquarie plate motion. Whereas
the previous study predicted the poles for 2Ay (2.58 Ma) and 3Ay (6.04 Ma)
were tightly located, this study illustrated that these poles do not overlap
each other.

The shipboard geomagnetic data collected over the seamounts in the study
area showed that half of the seamounts exhibits similar geomagnetic reveral
patterns with those of the seafloor nearby them, wheare the other half does
not. In this study, we used geomagnetic forward modeling to evaluate
seamount formation time for C1, C2, E1, E3, G1, G2, and H2 seamounts,
where we found significant differences between geomagnetic polarities
between seamounts and oceanic crust.

IV. Application Plans of R&D Results

The Australia-Antarctic Ridge is relatively geographically less accessible than
other ridge system and has a relatively short time window to obtain a
suitable ocean for seagoing explorations. Therefore, the interdisciplinary
geoscience data acquired in the region through the Korea Polar Research
Institute-led project is not only important for understanding the regional
tectonic characteristics of the Australia-Antarctic Ridge, but also can play a

very important role in understanding global mid-ocean ridge systems.

The findings of this study are highly useful as the basis for future
Australian-Antarctic Ridge research projects. In particular, with the new
determination of the Antarctic-Zealandia mantle domain, it is necessary to
determine the geographic location of this mantle domain and examine the
various geologic manifestations that have occurred as a result of the creation
and evolution of the mantle domain. The tectonic studies using the Earth's
magnetic field and gravity data can be directly applicable to the future study
area. As the new data will accumulate, more in-depth analysis on the upper
mantle structure can be conducted.
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S wAg A #FH(Macquarie Plate)?]
A3 3l thHCande and Stock, 2004a;
DeMets et al, 1988). "2 A|Hdo] oF 6 Wuhd o AAHHATHE HAE A A8}
= T8 S A+E Southeast Indian Ridge (SEIR)] ¥4 #¥ 5] SEIRS &% &
o = George V Fracture Zone (FZ)eo] 5Zo] 91X3 sF-I= A #He HFU5
AW 3tx Z3ltl= Aot (Cande and Stock, 2004a). 53] Cande and Stock
(2004a)& George V FZ FZo] ¢x3 27] o|¥dmE &8sl a5-dF 39
FHlEE e ReE #Ed 2] odHE fAE B FASA XIves A=
wAsR e oy EUXE fistr] s AFHY Ade] EAor =
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dEol AAZA FAHIL vt AEAN=H, W] Ao S TF A%
I GG A Abolo] Ao &5 W] Wz s i FHo] =2 g A7
o] Hjort TrenchollA AYJ=olof st=tl, =L Adol FoAX Ao &7 4o
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A A G H$olx= Capricorn-Australian #3# (Cande and Stock, 2004a;
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WA Ao % AA= Hjort Trechs wheh & gojxo] A9 7a). WY
g AR ME BAE Aostr] St MAY-FS dE 5 RdS AHES)
of ofg] FZol| thgh 7Hde] i Wst A7x5 Adtste] Btk SF-H= A
#ol #HEs Y RdE AgE #es W A4z 7€ d7E5(Cande and
Stock, 2004a; Hayes et al.,, 2009)el 4] 915 3x°] Balleny % Tasman FZ (19 7
a®l =4 A3 dAskA] e o]F Este] AW AF B A= Tasman FZ
A& XL dee FAYE F Uvh VAR W -ds AR #eE
W3l A 2= St Vincent 2 George V FZ
o dAskA] e ol WA A ME AAZE St Vincent FZo] 5%l 9l
o

ok

WA Ao FE AAE KRI 2 KR2 48138 457 dx)shs v &
z AAE F2hd 97 A (diffuse plate boundary)® 3 Wi A o] dy] A &
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The tectonic evolution of the Southeast Indian Ridge (SEIR), and in particular of its easternmost edge,
has not been constrained by high-resolution shipboard data and therefore the kinematic details of its
behavior are uncertain. Using new shipboard magnetic data obtained by R/VIB Araon and M/V L'Astrolabe
along the easternmost SEIR and available archived magnetic data, we estimated the finite rotation
parameters of the Macquarie-Antarctic and Australian-Antarctic motions for eight anomalies (1o, 2, 2Ay,
2A0, 3y, 30, 3Ay, and 3Ao). These new finite rotations indicate that the Macquarie Plate since its creation
~6.24 million years ago behaved as an independent and rigid plate, confirming previous estimates. The
change in the Australian-Antarctic spreading direction from N-S to NW-SE appears to coincide with the
formation of the Macquarie Plate at ~6.24 Ma. Analysis of the estimated plate motions indicates that the
initiation and growth stages of the Macquarie Plate resemble the kinematic evolution of other microplates
and continental breakup, whereby a rapid acceleration in angular velocity took place after its initial
formation, followed by a slow decay, suggesting that a decrease in the resistive strength force might have
played a significant role in the kinematic evolution of the microplate. The motions of the Macquarie Plate
during its growth stages may have been further enhanced by the increased subducting rates along the
Hjort Trench, while the Macquarie Plate has exhibited constant growth by seafloor spreading.

© 2017 Elsevier B.V. All rights reserved.
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An isotopically distinct Zealandia-Antarctic
mantle domain in the Southern Ocean

Sung-Hyun Park ©™, Charles H. Langmuir?, Kenneth W. W. Sims?, Janne Blichert-Toft*, Seung-Sep Kim®,
SeanR. Scott?, JianLin®’, Hakkyum Choi ", Yun-Seok Yang' and Peter J. Michael®

The mantle sources of mid-ocean ridge basalts beneath the Indian and Pacific oceans have distinct isotopic compositions
with a long-accepted boundary at the Australian-Antarctic Discordance along the Southeast Indian Ridge. This boundary has
been widely used to place constraints on large-scale patterns of mantle flow and composition in the Earth's upper mantle.
Sampling between the Indian and Pacific ridges, however, has been lacking, especially along the remote 2,000 km expanse
of the Australian-Antarctic Ridge. Here we present Sr, Nd, Hf and Pb isotope data from this region that show the Australian-
Antarctic Ridge has isotopic compositions distinct from both the Pacific and Indian mantle domains. These data define a sepa-
rate Zealandia-Antarctic domain that appears to have formed in response to the deep mantle upwelling and ensuing volcanism
that led to the break-up of Gondwana 90 million years ago, and currently persists at the margins of the Antarctic continent.
The relatively shallow depths of the Australian-Antarctic Ridge may be the result of this deep mantle upwelling. Large offset
transforms to the east may be the boundary with the Pacific domain.
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