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SUMMARY

. Title

Mantle dynamics and tectonic evolutions of Zealandia-Antarctic domain

Il. Purpose and Necessity of R&D

O Identify the geophysical characteristics of the crust and upper mantle in the
Zealandia - Antarctic mantle domain, Polar 3, and Northern Victoria Land

- To identify the geophysical characteristics of the crust and upper mantle in
the Zealandia - Antarctic mantle domain, Polar 3, and Northern Victoria Land
through acquisition and interpretation of diverse geophysical datasets from
marine and terrestrial environments

- The newly discovered “Zealandia - Antarctic mantle,” identified through recent
KOPRI-led studies, was the most fundamental cause of the present Antarctic
environment by rifting Gondwana and separating Antarctica from Australia and
Zealandia

- Because investigations to date have focused on the central part of the
Zealandia - Antarctic mantle domain due to economic, temporal, and
environmental constraints, understanding of the full distribution of this mantle
remains insufficient. Therefore, additional expeditions and comparative studies
with other regions are essential to clearly define the eastern and western
boundaries and to understand the mantle’s properties, origin, and dynamics

- The structure, convection, and evolutionary processes of the mantle are the
sources of crustal motions and tectonic processes; research on these topics can
provide foundational data to proactively respond to various Earth system
changes, including future climate change and natural disasters

- How the West Antarctic rift structure has developed and is connected along
the boundary between the Victoria Land Basin and the north has not yet been
clearly resolved, and a magnetic anomaly exceeding 1,000 nT, named Polar 3,
has been identified along this boundary

- Identifying the precise formation mechanism and development history of Polar
3 is essential for interpreting the evolution of the West Antarctic rift system

,6,



and the tectonic framework of the East Antarctic continent

To clarify the tectonic-structural evolution of Northern Victoria Land through
studies of rocks occurring in Antarctica

To characterize the Antarctic mantle and reconstruct records of volcanic
activity through studies of Antarctic volcanism and meteorites

Revealing the formation processes of geological structures and rocks recorded
in Antarctica, as outcomes of past geological activities, provides the most
fundamental basis for understanding the Antarctic continent

The most prominent ongoing geological phenomenon in Antarctica is volcanic
activity, and its interaction with the cryosphere (snow, ice, ice sheets) is
critically important as one of the key factors influencing Antarctic ice-sheet
dynamics and sea-level changes

Contents and Extent of R&D

Evolution of the mantle and oceanic crust in the Antarctic mid-ocean ridge
and the Ross Sea

Acquisition of seafloor rock samples and biological specimens through ROV
exploration of hydrothermal vents on the mid-ocean ridge

Study of magma genesis and evolution through geochemical analyses of
seafloor rock samples from the mid-ocean ridge and the spreading - rift zone
Research on environmental adaptation mechanisms and phylogeographic
evolution of Antarctic hydrothermal organisms

Determination of the kinematic evolution of the spreading - rift zone and
reconstruction of Pacific - Antarctic plate motions since the Late Miocene
Reconstruction of the evolution of the northern Ross Sea and plate motions
between East and West Antarctica

Investigation of neotectonic structures and geophysical characteristics in the
Ross Sea and Victoria Land Basin region

Determination of crustal velocity structure and thickness at Polar 3
observatory sites

3D velocity-structure modeling of the crust/upper mantle extending north of

Mount Melbourne volcano

Cenozoic volcanism and tectonic-structural evolution in continental Victoria
Land, Antarctica, and understanding of planetary science

Reconstruction of the genesis and eruption history of Cenozoic volcanism in
Victoria Land, Antarctica

Elucidation of subduction-zone evolutionary history using high-pressure
metamorphic rocks at terrain boundary zones

Interpretation of tectonic evolution and provenance of high-temperature

,7,



metamorphosed sedimentary rocks in the Wilson Terrane
- Determination of crustal deformation history in Northern Victoria Land
- Characterization of lithospheric mantle metasomatism

- Understanding surface material characteristics of the Moon and asteroids using
Antarctic meteorites

IV. R&D Results

O The first ROV-based exploration of the mid-ocean ridge, hydrothermal
environments, and ecosystems around the Antarctic continental margin
O Identification of geophysical characteristics of the crust and upper mantle
- Production of bathymetric maps and magnetic anomaly maps for the eastern
and western offshore areas of the Zealandia - Antarctic mantle
Reconstruction of plate motions in the northern Ross Sea and spreading - rift
zone
Construction of an onshore/offshore seismic observation network database and
development of formation mechanism and evolutionary models for Polar 3
Acquisition of shallow and deep seismic profiles and interpreted sections for
the Victoria Land Basin region in the western Ross Sea, Antarctica
Presentation of a neotectonic velocity model through numerical/analytical
interpretation of seismic exploration data
O Characterization of Antarctic mantle properties and reconstruction of volcanic
activity records
- Acquisition of rock and geochemical datasets from the Zealandia - Antarctic

mid-ocean ridge and the Polar 3 region

- Reconstruction of the genesis and eruptive history of Cenozoic volcanic rocks
in Victoria Land

- Identification of surface material characteristics of the Moon and asteroids
through Antarctic meteorite studies
O Tectonic-structural evolution of Northern Victoria Land

- Establishment of a model for the origin and evolutionary processes of the
Antarctic mantle

- Identification of lithospheric mantle and crustal metasomatism characteristics
and deformation records of major geological events

- Clarification of the basement geological history of Victoria Land and the
evolutionary process of the paleo-Pacific subduction zone

V. Application Plans of R&D Results

O Clarification of the interrelationships between the Zealandia - Antarctic mantle,

which contributed to the formation of the present Antarctic environment, and
Antarctic environmental conditions

,8,



Proposal of a new model for the evolution of the northern Ross Sea and
reconstruction of plate motions between East and West Antarctica
Presentation of accurate submarine geological structures and neotectonic
characteristics for the Victoria Basin in the Ross Sea, Antarctica

Utilization as input data for modeling the influence of mantle heat distribution
on cryosphere dynamics

Leadership of multidisciplinary international joint research through securing an
Antarctic inland hub

Acquisition of comprehensive geological information (resource distribution,
potential resource volumes) to secure strategic presence in Antarctica in the
future

Presentation of changes in seafloor environments of the Southern Ocean and
neotectonic variability driven by global warming

Improved understanding of Antarctic continental formation and prediction of
geological environmental changes

Enhancement of space exploration capabilities in preparation for lunar/asteroid
exploration and the “NewSpace” era

Expansion of the scientific territory and policy foundation for polar science
through geological and geoscience research on Antarctica and surrounding

oceans
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il FoA A . WA ¥ FEAYLS A
FgAom  IhEdEE HFEs FAAEARA B E9 Y3 (CCAMLR:
Commission for the Conservation of Antarctic Marine Living Resources)ol] 93] H.&
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MG S vt %
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o A, FaU5e Fesded o RuMES v
Geological Survey, Department of the Interior)ol] A 2713+

SFE GRUF) Al sl e w1l BE o 9

S A g BN (S
e Mineral Resources of Antarctica
(United States Geological Survey, 1974)
e Petroleum and Mineral Resources of Antarctica
(United States Geological Survey, 1983)
« Coal potential of Antarctica
(Bureau of Mineral Resources, Geology and Geophysics, Australia, 1987)
e Studies of the Geological and Mineral Resources of the Southern Antarctic Peninsula and
Eastern Ellsworth Land, Antarctica
(United States Geological Survey, 1988)
e The Undiscovered Oil and Gas of Antarctica
(United States Geological Survey, 1991)
« Explanatory Notes for the Mineral-Resources Map of the Circum-Pacific Region Antarctic
Sheet (United States Geological Survey, 1998)
* GIS Representation of Coal-Bearing Areas in Antarctica
(United States Geological Survey, 2016)
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=X: The discovery of kimberlites in Antarctica extends the vast Gondwanan

Cretaceous province (Australia, Nature Communications, 2013)

=: The Dorn gold deposit in northern Victoria Land, Antarctica: Structure, hydrothermal
alteration, and implications for the Gondwana Pacific margin (Italy, Gondwana Research, 2011)
&-2(prismatine): A treasure trove of mineral discovered in the Larsmann Hills (Australia,

Australian Antarctic Magazine, 2007)
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Chinese scientists have picked
a site for the fifth station,
which will be near the Ross Sea.
| Construction will begin as early as
Fqe=  next year. The US has five research
= stations in Antarctica and Russia
has eight.

Greatwall
# Built in 1985
» Capacity: Up to 80 people during summ

Kunlun
* Built in 2009 = Capacity: 25

=

T 5714 fA s fEotA = Ao

e

Inexpressible lslandoll

11. = A571A 8] A ZFRIAZAANAM FFHo = 20 km A
%) 2017-18 &= stAlCl WY d F=o F571A L&
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h=
= 2
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Zho

Talshan
* Built in 2014 * Capacity: 20

Source AFP PHOTOS: XINHUA  STRAITS TIMES GRAPHICS

A AS7A A

45t 71X Ng,.x} (2018 2. 8 MEI%*')

] o]
(=

HES

RER R

A

2l

T

Table 1-1 A list of main research fields of new Chinese station on the Victoria Land, Antarctica

Significance

How to connect with studies of other stations

[The Terra Nova Bay Polynya keeps open in

vinter and denser shelf water that is

bn important source of the Antarctic Bottom.

[Water Additionally. the polynya has essential
A the local i

Most previons research of polyya was based oo
fremote sensing data and 7 sini observations i
lsummer As a supplement. moorings will be
ﬂepluvztImmt polynya by Chinese expeditions to

dnnmwmlalodnepm

the in this

Fegion.

and thetr
Foattbutins v nlodlﬁuum of shelf water

[Xithough the Drygalski Glacier Tongue Ias

peen monitared and studsed for decades, the
hteraction between the glacier tongue and its
urrounding sea waters are sul linited

wll
surrounding the Drygalski Glacier Tongue. These
{data. as & supplement of remote sensing data. will
Ibe used to analyze the stability of the ice fongue
fand interactions befween the ice tongue and the
lurrounding ocean. sea ice and icebergs.

Subject Contént Equipment Region
5 . [Pysical  [Ferra Nova B
Proposed Construction and Operation | 2 J(!y:{ognphy fmoorings. etc. PR
of a New Chinese Research Stafion | g
Victoria Land , Antarctica
>
DRAFT COMPREHENSIVE g
ENVIRONMENTAL EVALUATION | ©
[Interaction berween glacier ‘Teseatch vessel Dry
hongue and ocean LADCE.  [Glacier Tongue
furbulence profiler. fnd its
etc Jrurrounding sea
faters
[Observation i the outtow
kegion of Ross Sea

) Comparative sdy of
cretion- rvye and collision-fype

j0r Greulation in he Koss Sez 163
iockwise gyre, the Ross Gyre. The ocean
feea near the new Chinese Station 1s the

i, putflow region of the Ross Sea. The surface

frurent in the region of Terra Nova Bay is
brevalent northward (Cs and Presini,
[1999; Flocco ef al., 2003). However, the
firculation patierms in the decpes layer and
femote region are more complex: Srudging
bhe circulation in this segion will help further
hinderstanding of the contributions of the

[The research program will reveal the.
biructural style of Paleozoic Pacific masgin of |
[Gondwana and mechanism of subduction and

¢ fxhumation of oceanic-type

hitrabigh-pressure c rocks, and
provide information for the tectonic model of
e oceanic subduction zone

X comprehensive observation and stady Have been
lconducted on the shelf slope exchange in the Ross
ISea recently (Gordon of al2009). The

foceanograplac survey on the shelfis still linuited

\Wih the Support of Irahian and Gemian stations.

Ibasic gealogical investigations oa (1) segional

lgeology, Paleozoic metamorphic and igneons rocks|

fand (3) Mesozoic volcanic and strata have been

Victoria Land. On that basis, we

foll focus on the accretionary orogenesis of

[Paeozoic continental marginthrough combined
Pi——
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China eyes Antarctica's resource bounty
o B, 20144 H| 57|X] 414 Al2! ol=, H3CHS XI2d0i ChEt

é STARS:#STRIPES,
| B FZEE BY

China is boosting its presence in resource-rich o A-l__'l.-?_j Ej}% xl_’.._\'_ﬁﬂ oEgCE .7_1I‘||

< Antarctica
= o MEXIO| e HTA (53 raus)
2* Radio Free Asia
. o H30i7 o olma) =X Sl U2 FEH FA|
(ZF, 2016 0|5 201424 2.16=2)

Ho»

i Does China Want to Explore Antarctica, or
. Exploit Its Resources?

ASPI

AUSTRAUAN
STRATEGIC

20447121653
S0l =Xt

R A AUTHORS.
'l KA

SPECIAL REPORT :

retic terests

- Considering China’s strategic interests
in Antarctica

INEWS

China's interest in mining Antarctica revealed as
evidence points to country's desire to become
'Polar Great Power'

Australian Antarctic Strategy
nd 20 Year Action Plar
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oA = T oo XEteE TE-He T EY SAH FYEE 1S H
o2 AF(STORM ZEAE: South Tasmania Ocean Ridge and Mantle) S 3§ 3} 12

on eeE o meAEd felan 98

MAAR o2 AtEehs WE SA 9 v Fx-38t4 A= skt [d. I3Folyw7Y
Rio Grande rift: Satsukawa et al., 2011; Park et al., 2014] EdlEgold oA WE o
Aol mfZE 83 di= ARG
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k315 (Scaly—foot snai)@} Hald43 <3, 1
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Polar 3 A9 4+
O POLENET program

nl= NSFeo] + A, =d, 9= o] FHHete A FEAT 22
- 4th International Polar Year (IPY) 2007-2008° A]2t= o] #Ax|7FA] F=3 2dHH=
Aol AFEE #HSHGEPSe AJASE)S FFste] F=3 adW=9] AA %
Glacial Isostatic Adjustment (GIA) A= 3L UYS

s}

O 201410l “Nature”@ A% Horizon Scan®] 67 tl#] 5 “Reveal Antarctica’s history
- solid earth, geodynamics, tectonics” 0.2 EHF2 AEE & A HT} A3so]of

B a3 A7 s AA (Aors A= GZo A b 2 A A T Z(tectonics) €l A H
T Iy Gz dEEAAMe A7 AEE & 4 = AF FAE Horizon Scandl
b

O Horizon Scan®] Al &3td AF+F4 24. How does small-scale morphology in subglacial
and continental shelf bathymetry affect Antarctic Ice Sheet response to changing
environmental conditions? 27. How do the characteristics of the ice sheet bed, such as
geothermal heat flux and sediment distribution, affect ice flow and ice sheet stability?
33. How did marine-based Antarctic ice sheets change during previous inter—glacial
periods? 36. Do variations in geothermal heat flux in Antarctica provide a diagnostic
signature of sub-ice geology?  37. What is the crust and mantle structure of
Antarctica and the Southern Ocean, and how do they affect surface motions due to
glacial isostatic adjustment? 522 &F{3ato] AA Zt=9] F= AFA A Aoz
AGE S AS AE [Kennicutt II et al., 2014]
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O

"= NASA®Q] Johnson Space Center (JSC)ol| A= (1) o}& = BALZ &

FIAL PR B LI

1| =& Byrd Polar Rock Rep081tory°ﬂ A FPs G AARALNA FE5F AN R
ol o] A5 T ddta A A BH, A, A dAd, 9 5 7E AR
of, 5 FA| AT ofF wE AALEL A FEe] ARE 7 5 T& A

2 A%

Juko &2
g2 BASY Geological Collection projectE <33dle]l P ©ALS &3

= g 9 =3l

200,000 2] A5 dolEHo]2E 53 olF 34 dHolEH o] ATt FAE] gklo
= A 7

oy 17, ARuVAFH ke A S

AT ¢ MEeola=el A
o] e 2] (Siena Antarctic Museum)$} & U4 (BGR)%E 7] E 2 ¢l Y=ok A 8 dl o] g H| o]
Z 9351 S
E24 o] NPI+= 55 22 A%, (A% AAFAEE AlFsts F71H Al ="l
= 9 T AU Ajxa"o R ALEA 7 ASHA &8 4 AN Lzl A g
i=] =
=

=29 o] NPIi= Quantatica®h<= GIS Z225 7fdsiglen gr7le tdd &= a4
S Ases AATIHeR A A Es WA S

S 4, 3) AFTAAA AR SFHA], 4) AA|A v R 53 YT AR
(5) AEE AE njAd o2 IES AT A7 SFUA ABEE FH oA Fa ¢
$A o] B¢, EAHNSFE), o] 4 (NASA JSC), &7] ®. 3% (Smithsonian Institution)©]
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vp = 6.0 km/s h = 25.8+/-1.3 km vp/vs = 1.90+

vp = 6.0 km/s h = 30.0+/-2.9 km vp/vs = 1.83+/-0.07 corr = ~57.7 %
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Meeting on OGS-KOPRI collaboration 30 June 2023
Participants
0GS: Martina Busetti it, Laura De Santis
it, Edy Forlin eforlin@ogs.it, Riccardo Geletti
it, Vincenzo Lipari it, Chiara Sauli
utinivella@ogs.it

it, Fausto Ferraccioli
it, Michela Giustiniani
t, Umberta Tinivella

uli@:

KOPRI: Jongkuk Hong jkhong@koprire.kr and Kang Seung-Goo ksg9322@kopri.re.kr

After a brief self Introduction of all participants Dr. Kang, Seung-Goo illustrates his work in the Arctic on
gas hydrates and the suggestion to apply the same processing on the existing Italian seismic reflection
profiles collected in 1990 in the western Ross Sea, following the publication of Geletti and Busetti 2011
JGR. The aim is to further investigate the character of the gas hydrates and the occurrence and
concentration of gas in the sediment, from petrophysical properties in this area.

There are no KOPRI seismic profiles in that area yet but a survey is scheduled in 2024-25 in the Ross Sea
with the ARAON, during which 5 days of ship time will be dedicated to seismic profiles acquisition.
JongKuk suggests to collect new data in the survey of 2024-25 in the area of the Geletti and Busetti paper
of 2011. However the target for the 2024-25 cruise has not decided yet

JK says that KOPRI has a project in the Ross Sea and employs the ARAON in the Ross Sea every two years,
for ca. 3 weeks, that is partly dedicated 1n2024-25 ic team will
work in the south eastern Ross Sea (Shirase cost?).

The regulation for collecting seismic data in Antarctica are not so strict yet in Korea.

KOPRI uses a 1500 m long streamer, 2 GI guns vol. 250 inch3. Multibeam, subbottom and heat flow
measurements can also be done. The gravimeter does not work at the moment. It's not possible to use

Umberta raises the problem that with such equipment for collecting seismic data a good velocity analysis
can be done only in shallow water. Therefore it may be more convenient looking for other areas with
shallower targets. Michela and Umberta have published an analysis of the Ross Sea that shows the
location of potential gas hydrate stability zone (Giustiniani et al., 2017). This work can be used as basis for
selecting better target areas where to apply advanced processing to existing data and for planning future
campaigns.

It may be worth to investigate less studied areas to publish original work and optimize the available
instrumental capability. If you go back to an area where a longer streamer has been already used, you
basically duplicate the job, and by acquiring new data with a shorter streamer you don't really improve
what we already know.

Jongkuk and Kang, Seung-Goo and their team are open to other suggestions and would be interested to
collaborate with the OGS team that has a long history and experience in seismic data processing and Ross
Sea tectonic and stratigraphic evolution.

Fausto suggests to find a scientific target of common interest of KOPRI and OGS that can be addressed by
applying different processing techniques to existing and new seismic data. In the western and central
Ross Sea, it will be good to investigate for example the relationship between the Ocean spreading and
the late C d reactivation of d the evolution of the formation of
the mud volcano in such frame

Laura suggests that another scientific question that can be addressed by a KOPRI-OGS cooperative
project s to investigate in the existing and new seismic data, preconditioning factors for past, present
and future slope instability. We may study the gas concentration in the sediments and/or diatom-rich and
mud alternated sedimentary strata in areas of present and past continental shelf edge-upper slope. In

these areas we may investigate the seismic stratigraphy and check the occurrence of paleo slides (see for
example Gales et al., 2023).

The KOPRI new digital streamer is shorter but can give a better performance than the one used in the
past.

Laura confirms that the KOPRI seismic system can be used also to image the water stratification (as
demonstrated in the KOPRI cruise 2015, in tion with the KOPRI This can be
useful to investigate the water circulation in areas of mud volcanoes or cold carbonatic mounds. We have
a pending proposal in the PNRA system for acquiring new seismic data from the northwestern Ross Sea
with the R/V Bassi. This is another area where potential mud volcanoes have been observed and that can
be studied with y approach and i

Fausto: ok so this is an opportunity to work in synergy. Considering the PNRA budget and the increasing
cost for the logistics, it is difficult for Italy to run major campaigns in the future. There is generally a
specific line of funding in participating to international campaigns. In 2023-24 we’ll do only observatory
work in the Ross Sea. The collaboration with KOPRI may be a really good opportunity to collect new data,
starting in 2024-25, and in future campaigns with the Bassi. => better visibility also for looking for other
funds (e.g. ERC fellowship)

Martina asks if it is possible for Italians to sail on the ARAON for cooperative research surveys.

Jongkuk says yes. There are examples also in the past of mutual exchange of scientists between OGS and
KOPRI (Lorenzo petronio and Diego Cotterle sailed on the ARAON in 2015 and Sookwan Kim sailed on the
OGS explora in 2017).

Martina raises the problem of sea ice: when the MCS was acquired in 1990 the sea ice was minor. Good
conditions. The area is almost impossible to be reached now. In the last 30 years conditions have
changed. It will be difficult to shoot seismics even though with an ice breaker. You can do coring and ctd
and multibeam. We need alternative areas for the new acquisition.

Jongkuk agrees that sea ice is always a problem and it is important to have alternate areas to investigate

Laura suggests to consider collecting new data to fill the data gap in the southeastern Ross Sea, also to
optimise the use of ship time and multibeam, since the KOPRI oceanographers will work there. Here the
occurrence of potential mud volcanoes (buried below sediments) will be worth to be further investigated.
See the recent paper from Barro et al., 2023.

Martina informs that OGS team is still working on the Italian 1990 data. She has just submitted a
manuscript on some advanced processing on lines 63, 64 and 65. These data have high potential for more

Wi

e are using a different approach and algorithm, but we do something similar to what you are proposing.
We should not duplicate the effort. However Jongkuk and Kang, Seung-Goo may consider to visit OGS to
work on the data in collaboration with us.

Jongkuk confirms that the KOPRI target is to estimate the seismic velocity in the sediment using their full
wave inversion approach and then analyse the sediment properties, testing the methods applied in the
Arctic (see paper Choi et al., 2022). We can read the paper and check if there is a way to avoid duplication
and actually work in synergy.

The participants agree to share publications and meet again (in few weeks) after internal discussion for
planning future actions. Laura creates a gdrive folder for sharing papers and other documents/maps
within the group.
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19 82. 8DGO3 =ElA® I b4 AL (A) HE"E dF9F 8DGO3-R13),
B) =4 Feo] =xgd WHAH ¥ BDGO3-RG1H), O Y 3= oA
(8DG0O3-RSOD).

# 2. 8DGO01 &+4 714

No. Sample ID Size (cm) Weight (kg) Rock type
1 8DG01-01 16*9*5 0.6
2 8DG01-02 8*6*4.5 <0.1
3 8DG01-03 5*4.5*3.4 <0.1
4 8DG01-04 5*5*3 <0.1 Altered basalt
5 8DG01-05 3*2.5*2 <0.1
6 8DG01-06 3*2.5*2 <0.1
7 8DGO01-07 16*9*5 <0.1
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# 3. 8DG02 +A 71A)

No. Sample ID Size (cm) Weight (kg) Rock type
1 8DG02-01 100*90*90 >200 Biotite granite
2 8DG02-02 40*25*20 24 Biotite granite
3 8DG02-03 36*25*20 7 Highly altered granite
4 8DG02-04 18*18*15 7 Biotite granite
5 8DG02-05 25*14*14 17 Highly altered granite
6 8DG02-06 24*13*10 3 Biotite granite
7 8DG02-07 12*11*5 1 Low-T altered granite
8 8DG02-08 10*9*6 0.6 Altered vesicular basalt
9 8DG02-09 6.5*5.5*2.5 <0.1 Tuff

3 4. 8DG03 &4 71A

No. Sample ID Size (cm) Weight (kg) Rock type
1 8DG03-R01 30*30%12 4
2 8DG03-R02 30*23*10 3
3 8DG03-R03 25*15*18 2
4 8DG03-R04 22*13*7 1
5 8DG03-R05 16*16*8 1
6 8DG03-R06 16*13*10 1.6
7 8DG03-R07 20*17*8 1.4
8 8DG03-R08 15%13*7 0.8
9 8DG03-R09 16*16*4 0.8
10 8DG03-R10 18*12*5 0.6
11 8DG03-R11 16*14*3 0.8
12 8DG03-R12 20*10*7 0.6
13 8DG03-R13 20*17*8 0.8
14 8DG03-R14 17*12*8 0.8
15 8DG03-R15 17*10*8 0.6
16 8DG03-R16 15*13*6 0.6
17 8DGO03-R17 15%12*7 0.6 Altered basalt
18 8DG03-R18 18*10*8 0.6
19 8DG03-R19 13*10*7 0.3
20 8DG03-R20 16*11*8 0.4
21 8DG03-R21 18*9*7 0.6
22 8DG03-R22 16*12*4 0.5
23 8DG03-R23 15*8*6 0.3
24 8DG03-R24 14*13*4 04
25 8DG03-R25 12*10*4 0.4
26 8DG03-R26 12*10*6 04
27 8DG03-R27 12*10*5 0.4
28 8DG03-R28 14*12*5 0.4
29 8DG03-R29 14*10*5 04
30 8DG03-R30 13*10*4 0.4
31 8DG03-R31 14*11*8 0.8
32 8DG03-R32 16*8*3 0.4
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33 8DG03-R33 14*7*8 04
34 8DG03-R34 12*10*4 0.2
35 8DG03-R35 16*10*6 0.4
36 8DG03-R36 14*9*6 04
37 8DG03-R37 11*10*8 0.4
38 8DG03-R38 14*10*7 0.4
39 8DG03-R39 10*8*8 0.4
40 8DG03-R40 12*10*4 04
41 8DG03-R41 8*9*4 04
42 8DG03-R42 12*11*5 0.1
43 8DG03—-R43 11*10*8 0.1
44 8DG03-R44 13*8*6 0.1
45 8DG03-R45 11*8*6 0.1
46 8DG03-R46 14*8*4 0.1
47 8DGO03-R47 10*10*8 0.1
48 8DG03—-R48 11*9*3 0.1
49 8DG03-R49 12*7*5 0.1
50 8DG03-R50 12*9*6 0.1
51 8DG03-RGO1 25*12*13 3
52 8DG03-RG0O2 17*13*10 1
53 8DG03-RGO3 15*9*6 0.4
54 8DG03-RG04 9*9*2 0.1
55 8DG03-RGO5 16*10*3 0.4
56 8DG03-RGO6 13*9*5 0.6
57 8DG03-RGO7 13*11*3 0.2
58 8DG03-RG08 13%6*6 0.2 _ Altered basalt
59 8DG03-RG09 14+75 01 with greenish mineral
60 8DG03-RG10 12*11*8 0.1
61 8DG03-RG11 10*7*5 0.1
62 8DG03-RG12 12*7*6 0.1
63 8DG03-RG13 10*7*6 0.1
64 8DG03-RG14 10*8*4 0.1
65 | 8DGO3-RG15 10°9%2 0.1
66 8DG03-RI01 10*8*6 0.4 Moraine
67 8DG03-RS0O1 17*11*10 3
68 8DG03-RS02 18*13*6 1
69 8DG03-RS03 12*10*5 1
70 8DG03-RS04 11*8*5 0.8
71 8DG03-RS05 10*7*6 0.6
72 8DG03-RS06 10*6*7 0.6
73 8DG03-RS07 9*7*5 0.5
74 8DG03-RS08 11*5*6 0.5
75 8DG03-RS09 10*8*5 0.6 Massive sulfide rock
76 8DG03-RS10 10*7*6 0.6
77 8DG03-RS11 8*7*5 04
78 8DG03-RS12 7*6*5 0.3
79 8DG03-RS13 9*5*4 0.4
80 8DG03-RS14 7%6*3 0.3
81 8DG03-RS15 7*6*4 0.2
82 8DG03-RS16 7*6*4 0.2
83 8DG03-RS17 9*6*4 0.3
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84 8DG03-RS18 10*5*4 04
85 8DGO3-RS19 10*7*4 0.2
86 8DG03-RS20 7475 0.2
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| merR H merT HmerP‘merFl merA | merD ImerE‘

100 bp

merR : Hg(ll)-responsive transcriptional regulator

merT : mercuric ion transporter

merP : mercury resistance system periplasmic binding protein
merF : mercury resistance system transport protein

merA : mercury(ll) reductase

merD : mercury resistance co-regulator

merE : broad-spectrum mercury transporter
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This message contains remote content. Display Remote Content

mbusetti@ogs.it B3 Inbox - Exchange  March 31, 2025 at 18:
W re: thank you for initiating our collaborative research on the Ross Sea (FWI and DL)
To: ksg9322@kopri.re.kr, Ce: Riccardo Geletti, Chiara Sauli, vlipari@ogs.it, eforlin@ogs.it, gbrancatelli@ogs.it, Laura De Santis, Fausto Ferraccioli,

2

Details

Asiol e

FIXIXITA

Dear Kang
sorry for my late reply.

Regarding your visit to OGS, the period from mid-October to November is also the best for us.

You will shortly receive an email directly from Chiara Sauli regarding the collaboration on Deep Lerning.

We are preparing the Memorandum of Understanding, which we will send to you after it has been checked by our administration (hopefully as soon as possible)

Best regards
artina

Il giorno ven 14 mar 2025 alle ore 08:06 257 YK AATEE <ksg9d322@kopri.re.kr> ha scritto:

Dear Martina and everyone,

Thank you for your ol and for idering the best time for our collaboration. We are excited to begin the next phase of our work together.

We understand your commitments to fieldwork in May, June, and early July. Consequently, we will adjust our plans and propose scheduling the visit for September, October, or November, in line with your
ility. Howe may be ing for us due to the Arctic cruise. Our available dates are from mid-October to November. This timeline suits us well, and we will coordinate with our
to finalize the arrangements.

Regarding the Deep Learning research, similar to our collaboration on FWI, we could conduct the study through an in-person visit and utilize the available data. However, we would like to initiate remote
collaborative research with Dr. Sauli as soon as possible to expedite results. If feasible, we would greatly appreciate your consideration in sharing data remotely to facilitate the DL research. Please let us
know your thoughts on this approach. For the DL research, we only need the migrated seismic sections or images and detailed information on fault interpretation results (Sauli’s work), rather than the raw

data. If remote data sharing_and online collaboration are feasible for the DL research, our DL researcher will introduce you to a detailed proposal and an overview of the research plan.

Additionally, please let us know if we need to take any steps ing the pi ion of the of L ding (MoU) for ion between our institutes.

We look forward to strengthening the collaboration between our institutes.

Best regards,

Kang

On Mar 11, 2025, at 20:21, Busetti, Martina <mbusetti@ogs.it> wrote:
Dear Kang

thank you for your email.
We are also pleased to have met you in person and thank you for travelling all this way to visit us.

We are glad to know that the two PhD students are enthusiastic about coming to the OGS for a period of time to work with us on the Ross Sea data.
Unfortunately, many of us will be busy with field surveys in May, June and early July, especially the colleagues working on processing of MCS and myself, so our presence at the OGS will be very irregular during this period.

We therefore propose the months of September, October and November and hope that this period will also be suitable for you.
For DL we can also arrange a period for the early next year, as you propose.

The SCAR fellowship is a good opportunity, but if you prefer to come with your own funds, that's fine too, of course. As you said, in this way we can start our collaboration earlier.

In the meantime, we will prepare a of L for fon between our institutes.

Best regards
Martina

Il giorno mar 4 mar 2025 alle ore 17:21 247 YatXI A7 <ksg9322 @koprire k> ha scritto:

Dear Martina Busetti, Riccardo Geletti, Chiara Sauli, and Edy Forlin,
It was truly a pleasure to meet you. Having previously known you only through your papers, it was an honor to finally meet in person at OGS

1 would also like to express my sincere gratitude for your warm hospitality and kindness during my visit. JongKuk and | have returned home safely, and | am now back in the office. Upon my return, | spoke with two of our postdocs who will
be involved in our collaborative research. They are excited about working with OGS, and we are eager to take the next step forward.

As an initial step, we plan to apply for two SCAR Fellowships—one for Full Waveform Inversion (FWI) and one for Deep Learning (DL). If successful, both researchers will visit OGS for one month to conduct joint research utilizing DL and
FWI, which would be the best-case scenario.

Alternatively, if the fellowships are not granted, we can send one FWI researcher to oes 'or about a month using our research funding (KOPHI mnmng) If we proceed with KOPRI funding, our visit would take place sooner than the
SCAR Fellowship visit, potentially in June or July this year. For the DL two possible research remotely via email and online communication if feasible, or
supporting an OGS visit early next year through our research funding.

I personally prefer proceeding with KOPRI funding, as it allows us to start the collaboration earlier. If we are awarded the SCAR Fellowship, we can utilize it for the next step of our research.
We would appreciate hearing OGS's thoughts on this plan.
Additionally, if you are interested, we would be happy to collaborate with you on Arctic research, whether on gas hydrates or other topics related to the geophysical field.

ook forward to continuing our discussions and working together. Please let me know your thoughts.

Best regards,
Kang
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Meters Sample Rock type

/— basanite scoria cone
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-,
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304 & Q 2 | — 81426
Q
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0_. [ o) & —= 81425
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RESEARCH ARTICLE  Evolution of Microstructural Properties in Sheared Iron-

10.1029/2020JB019629 Rich olivine
st Chao Qi' ¥, Yong-Hong Zhao® ¥, Mark E. Zimmerman’®, Daeyeong Kim* 7, and
+ The weakest slip system does not David L. Kohlstedt® ©

change with Fe content, such that
CPO development is similar for Fe-

e o Key Laboratory of Earth and Planetary Physics, Institute of Geology and Geophysics, Chinese Academy of Sciences,

+ Sefsmic anisotropy due to the Beijing, China, *Department of Geophysics, Peking University, Beijing, China, *Department of Earth & Environmental
formation of CPOs in natural Sciences, University of Minnesota, Minneapolis, MN, USA, *Division of Polar Earth-System Sciences, Korea Polar
olivine aggregates can be modeled Research Institute, Incheon, South Korea
using CPOs obtained from iron-rich
olivine

Recrtallized grainsles abaigifen Abstract Iron-rich olivine is mechanically weaker than olivine of mantle composition, ca. Fos, and
normalized stress increases with

increasing Fe content thus is more amenable to study under a wide range of laboratory conditions. To investigate the effects
of iron content on deformation-produced crystallographic preferred orientation (CPO) and grain size,
we analyzed the microstructures of olivine samples with compositions of Foy, Foso, and Fo, that were
deformed in torsion under either anhydrous or hydrous conditions at 300 MPa. Electron backscatter

diffraction (EBSD) observations reveal a transition in CPO from D-type fabric, induced by dislocation
glide on both the (010)[100] and the (001)[100] slip systems, at low strains, to A-type fabric, caused by

Supporting Information:
+ Supporting Information S1

Correspondence to:

Y. Zhao, dislocation glide on the (010)[100] slip system, at high strains for all of our samples, independent of iron

zhaoyh@pku.edu.cn content and hyd: iti A similar evol of fabric with i ing strain is also
reported to occur for Foy,. Radial seismic anisotropy increases with increasing strain, reaching a maximum

Citation: value of ~1.15 at a shear strain of ~3.5 for each sample, demonstrating that the seismic anisotropy of

Qi, C., Zhao, Y-H., Zimmerman, M. naturally deformed olivine-rich rocks can be well approximated by that of iron-rich olivine. Based on

E., Kim, D., & Kohlstedt, D. L. (2021). EBSD observations, we derived a piezometer for which recrystallized grain size decreases inversely
Evolution of microstructural properties

Fasheared fean-riciolivine, Tourfia with stress to the ~1.2 power. Also, recrystallized grain size increases with increasing iron content. Our
of Geophysical Research: Solid Earth, experimental results contribute to understanding the microstructural evolution in the mantle of not only

126, E120B019629. hitipe:/ [dol- Earth but also Mars, where the iron content in olivine is higher.
0rg/10.1029/20201B019629

Received 20 FEB 2020

Accepted 15 JAN 2021 1. Introduction

Ther it ies of olivine i many ical processes on Earth and other planets in our
solar system. Experimental studi rate that the r ical behavior of olivine not only depends on
thermomechanical parameters, such as stress, temperature (e.g., Carter & Ave’Lallemant, 1970; Chopra &
Paterson, 1981), confining pressure (e.g., Borch & Green, 1989; Karato & Jung, 2003; Karato & Rubie, 1997),
oxygen fugacity (e.g., Bai et al,, 1991; Ricoult & Kohlstedt, 1985), melt content (e.g., Cooper & Kohlst-
edt, 1986; Hirth & Kohlstedt, 1995a, 1995b; Mei et al., 2002; Scott & Kohlstedt, 2006; Zimmerman & Kohlst-
edt, 2004) and water content (e.g., Karato et al., 1986; Mackwell et al., 1985; Mei & Kohlstedt, 2000a, 2000b;
Tielke et al., 2017), but also on microstructural properties, such as the crystallographic preferred orientation
(CPO) (e.g., Hansen et al., 2012a, 2012b) and grain size (e.g., Hansen et al., 2011; Hirth & Kohlstedt, 1995b;
Karato et al., 1986). As an olivine single crystal exhibits strong viscous anisotropy (Bai et al., 1991; Durham
& Goetze, 1977), the formation of a CPO in an olivine plastic ion in one crystal-
lographic direction relative to the others (Hansen et al., 2012b, 2016). Thus, understanding the development
of CPOs at different stresses, pressures and chemical conditions helps constrain microstructurally induced
weakening/strengthening during deformation and is essential for the application of laboratory-derived flow
laws to natural environments (Kohlstedt & Hansen, 2015). During plastic deformation, changes in grain size
occur due to dynamic recrystallization and grain growth (Poirier, 1985, pp. 170-190). Experimental studies
have determined the relationship between grain size and stress, that is, the grain-size piezometer, which is
frequently used for estimating paleostresses in naturally deformed rocks (e.g., Kang & Jung, 2019; Kohlstedt
& Weathers, 1980; Mercier et al., 1977; Park & Jung, 2017; Platt & Behr, 2011; Stipp & Tullis, 2003; Tokle
©2021. American Geophysical Union. etal., 2019; Warren & Hirth, 2006). As grain size plays an important role in flow laws for grain-size sensitive
All Rights Reserved. deformation mechanisms, such as diffusion creep and grain boundary sliding accommodated by dislocation
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o =i-%: Timing and metamorphic evolution of the Ross Orogeny in and

around the Mountaineer Range, northern Victoria Land, Antarctica
[Minerals, 2020.10.13., mrniF: 72.2]
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(2022) (Chemical Geology Al#H)
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o =% Structure of type A CAl-like melts: A view from multi-nuclear
NMR study of melilite (CayAl,SiO;-CaMgSi,O7) glasses [ Chemical
Geology, 2020.12.01., mrnlF: 78.3]
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5477, 35 SR EolAe dME WE 3 & AR HFLAE Y
(2022) (Journal of Structural Geology AlA)
o EHIEZolE FMAMES] s 19
- A ESAE IFA AFHT MEZHY T2 AA
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o A ZAhF*, vHEA, 8183 Chao Qi, 234, o= A, Katsuyoshi
Michibayashi

o =&9: Upper mantle seismic anisotropy beneath the Northern
Transantarctic Mountains inferred from peridotite xenoliths near Mt.
Melbourne, northern Victoria Land, Antarctica [Journal of Structural
Geology, 2021.2.1., mrniF: 72.2]
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o Influence of Bottom-current-controlled Processes on the Contourite Development
in the Northwestern Ross Sea Margin, Antarctica [ oA ]
FHAE o Bottom-current-controlled sedimentary and geomorphic processes in the
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(2023) [ Meteoritics & Planetary Science AA]
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o +=1i: Non-destructive elemental analysis of lunar meteorites using a
negative muon beam [Meteoritics & Planetary Science, 20233 9€

Al ]

o A=z} 1.-H. Chiu, K. Terada, T. Osawa, 8%<*, S. Takeshita, Y. Miyake,
K. Ninomiya

o mrnlF: 45.4
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(2023). [ Terra Nova AlA]
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the Rossorogen, Antarctica: Implications for the Neoproterozoic
rifting episodes along the Pacific- Gondwana margin [Terra Nova,
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L ALEEE JIRE FERA BAY o|u|A J|& et [Geophysical Prospecting AlA]
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o =%m: Least-squares reverse time migration using the most energetic source
wavefields based on excitation amplitude imaging condition [Geophysical
Prospecting, 202313 6¥ AlA]

o A DER, AIA, B2

o mrnlF: 54.6
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o Europlanet 2024 Research Infrastructure ¥}#)oll A7 (z}A]9: Isotopic constraints
on deformation of olivine: a preliminary study on mantle peridotites from Mt.
Melbourne, northern Victoria Land, Antactica, project number: 22-EPN3-113)
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Europlanet Application form - TA Call

(2PAGES

1. List of 3-5 main sclentific objectives of your project
- Rhenium~osmium isotopes of 10 sulfides of 2 peridotite xenolths to delineate the
ev and

- Connecling the rhenium-osmium model ages of mante peridolites to the Phanerozoic
inferred (CPOs)
2. SCIENCE AND TECHNOLOGY.
Present the overall concept of your proposed work, show how it can be considered as
innovative and/or original
Olivine is one of the most interesiing phases in the mantie due to its high abundance,

the first experimental results demonsirating that the siip system of olivine could be attributed to
siress and water content (after Jung and Karato, 2001, Science), olivine has been used to
explai fic ol inthe

trench-normal anisolropy. n beneath NE Japan (Fig. 1). The
have highlighted additional important factors

1999, EPSL), the existence of partial melts (Holtzman et al., 2003, Science). grain shape
alignment during diffusion creep (Sundberg and Cooper, 2008, JGR), and deformation history
(Boneh and Skemer, 2014, EPSL).

- 009
-00®

Figure 1 and
character of Giiine has boen used {0 explain an abrupt change of S-wave spitting obsorved
beneath NE Japan (c). The experimental results are summarized in Karato et al. (2008,
Annu. Rer. Eartn Planet. Sci)

‘The goological evolution of northern Vit
Phanerozoic tectonic events: the subduction

condu ostru igations using p ruct. Geol.
resuls showed that olivine was mostly D-type (axia-{100]. a cluster of [100] in the horizontal

of [100] in the horizontal direction and a cluster of [010] in the vertical direction), that was

diverse siip systems and strongly anisotropic character which may induce S-wave spliting. Since

such as deformation geometry (Tommasi et al

jolved several episodes of
oceanic lithosphere beneath the paleo-Pacific
s

irection and a girdle of [010] in the vertical direction) except ane A-type (orthorhombic, a cluster

> Europlanet 2024 Research Infrastructure I}A| A kAl 3 0] |

o Europlent &4 oW

eur(@PLANET 2024

eur@ PLANET 2024

Research Infrastructure

iv.  Finally, we request that you confirm to the TA facility and the TA office at the VU Amsterdam that you accept the award

of the TA visit. Please also keep the Amsterdam office informed of planning and any potential problems. It is explicitly

accepted that some arranged visits will need to be re-scheduled due to illness, instrument failure etc. But it is

important that the office is aware of such situations so that they can provide the required funds and explain to the
European commission any delays.

Congr ions with coming up with an interesting scientific proposal and we look forward to working with you in implementing

the visit.

== With kind regards,

Fenny Bosse: Gareth Davies:

TA administrator Europlanet 2020-RI TA Coordinator
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o A=A} Jihyuk Kim, Mi Jung Lee, Jong Ik Lee, Philip R. Kyle, Xia Wang,
Zaicong Wang and Jung-Woo Park

o +=¥%mw: Sulfde minerals and chalcophile elements in The Pleiades Volcanic
Field, Antarctica: implications for the distribution of chalcophile metals
in continental intraplate alkaline magma systems

o mrnlF: 70.3 <23\d 9€ AA>
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o A=A} Jangmi Han, Kazuhide Nagashima, B}, Alexander N. Krot,

o mrnlF: 92

. Grossite-bearing refractory inclusions from reduced CV
chondrites: Mineralogical and oxygen isotopic constraints on the
parent body alteration history [Geochimica et Cosmochimica Acta,

Lindsay P. Keller
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= Petrography and classification of Elephant Moraine 14017 (EET
14017): a new primitive LL3. 05 ordinary chondrite from
Antarctica [Episodes, 2024'3 99 AA]

Az BB, b, 18, %Y

mrnlF: 52.8
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[Journal of Analytical Science and Technology A1
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o =& Sedimentary protolith and high-P metamorphism of oxidized
manganiferous quartzite from the Lanterman Range, northern
Victoria Land, Antarctica [European Journal of Mineralogy, 2024
3¢ AA]
A2} A3, Kim, Y., Tumiati, S., 24, Yi, K, o7&
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(2024) [Episodes AlA (Early View)]
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(2024) [Gondwana Research AA]
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o =& First multi-proxy chronostratigraphy of the lower Cambrian Byrd
Group, Transantarctic Mountains and correlation within East
Gondwana [Gondwana Research, 202413 12€ Al A]
SHAR o A=A} M.J. Betts, T.M. Claybourn, L.E. Holmer, C.B. Skovsted, P.M.

Myrow, L. Stemmerik, T.P. Topper, 2}el &, N.C. Hughes, J.L.
Clowley, E.A. Jagodzinski, G. A. Brock
o mrnlF: 94.7
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[Journal of Petrology AA]
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. Chemical and structural evidence for melt-induced amorphization

of alkali feldspar in lunar meteorite dew 12007: insight into shock
amorphization
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o +=%m: Origin and Evolution of Miocene Basanite to Comendite Lavas at
the Mount Overlord Volcanic Field, Northern Victoria Land,
Antarctica
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(2025) [Physics and Chemistry of the Earth AlA]
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Since last year, the frequency of earthquakes has increased in
the vicinity of Orca seamount in the Bransfield Strait. =

Accordingly, in order to confirm the change of the submarine

topography due to the earthquake, a side line was set in the 2021-09-29 - ¥
epicenter where earthquakes mainly occur and the area
covering the Orca seamount, and multi-beam survey was
conducted.

The survey area shows a distribution of water depth of -300 to
-2000m. The observation results that have been post-
processed will be used as basic data to analyze geological and
geophysical characteristics of the region in the future.
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SBITN271A  2017-11:27 antarctica | victorialand  Metamorphic  Wilson Metamorphic Cambrian 74.6448,164.047 33241
Complex
SBITH2TB  2007-1127 antarctica| victoria land  Plutonic Wison Metamorphic Cambrian 74,6448,164.047 3321
Complex
SBI7TM274C  2017-1127 aniarclica| vicloria land  Metariorphic  Wilson Metamorphic Cambrian 74.6448.164.047 3324
Complex
SBITHZT-ID  2017-1127 antarctica| victoria land  Metamorphic  Wilson Metamorphic cambrian 74.6448,164.047 33241
Complex
SBATHITHE  2017-1127 antarctica | victoria land  Plutonic Wilson Metamorphic Cambrian 74,6448,184.047 3.324
Complex
SBITH27-2A  2017-11-27 antarctica | victorialand Metamorphic  Wilson Metamorphic Cambrian 164.044 3324
Complex
SB171127-28 2017-11-27 antarctica | victoria land Metamorphic Wilson Metamorphic ‘Cambrian 746355164 044 3322
Complex
SBI7127. 2017-11-27 antarctica| victorialand  Metamorphic  Wilson Metamorphic Cambrian 74.6355,164.044 3322
Complex
SBI7T11272D  2017-1127 antarctica | victoria land  Plutonic Granite Harbour 74.6355,164.044 3922
Infrusives
SBI7THM2T2E  2017-11:27 antaretica | victoria land  Plutonic Granite Harbour 74.6355,164.044 3322
Intrusives
SBI7H27-3  2017-11-27 antarctica | victorialand  Metamorphic  Wilson Metamorphic Cambrian 74.6341,164.044 3392
Complex
SBITH2T-4A  2017-11-27 antarctica | victorialand  Metamorphic  \Wilson Metamorphic Cambrian -74.5958,163.639 3231
Complex
2017-11-27 antarctica | victorialand  Metamorphic  Wilson Metamorphic Cambrian -74.5956,163.639 3331
Complex
SBI711274C  2017-11-27 antarctica | victorialand  Plutonic Granite Harbour -74.5958,163.839 3334
Intrusives
SBIT11274D  2017-11-27 antarctica | victorialand  Metamorphic  Wilson Metamorphic Cambrian -74.5956,163.839 3331
Complex
SBATI2T5  2017-11-27 antarctica | victorialand  Piutonic Granite Harbour 74.5959,163.84 3331
Intrusives
SBA71130-1  2017-11-30 antarctica | victorialand  Plutonic Ferrar Volcanic Suite Jurassic -75.637.15%.066 3334
d45-1 2016-11-15 antarctica | victoria land ~ Plutonic Granite Harbour Ordovician 74.5915,164.1
Intrusives.
2016-11-15 antarctica | victoria land  Plutonic Granite Harbour Ordovician -74.5915,164.195
Intrusives
J-38 2016-11-15 antarctica | victoria land  Plutonic Granite Harbour Cambrian -74.5945,164.122
Infrusives
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ABSTRACT

Coexisting alkalic and tholelitic basalt lavas has been identified in a seamount chain located near the
Australian-Antarctic spreading ridge. The KR1 Seamount Trail (KR1 ST) is a series of volcanic seamounts
extending to the southeastin the spreading direction of the Australian-Antarctic Ridge (AAR). We herein
report Sr, Nd and Pb isotopic compositions and (U-Th)/He and K-Ar geochronology for dredge samples
from the KR1 STin order to evaluate mantle processes and the role of enriched components for alkalic to
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~60 km, has a maximum height of ~1600 m above the seafloor, and consists of alkaline basalts and
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Abstract: The Terra Nova Intrusive Complex (TNIC) in northern Victoria Land, Antarctica, results
from widespread magmatism during the Early Paleozoic Ross Orogeny. According to field relation-
ships, geochemistry, and geachronology data, the northern part of the TNIC comprises the Browning
Intrusive Unit (BIU), which is associated with an arc crustal melting including migmatization of the
Wilson Metamorphic Complex, and the later Campbell Intrusive Unit (CIU), which is attributed to
the mantle and crustal melting processes. Zircon U-Pb ages suggest Late Neoproterozoic to Early
Cambrian protolith with Late Cambrian metamorphism (502 = 15 Ma) in the WMC, Late Cambrian
formation (~500 Ma) of the BIU, and Early Ordovician formation (~480-470 Ma) of the CIU. Sr-Nd
isotopic characteristics of the BIU indicate predominant crustal component (eNd) = —8.7 to —8.9),
whereas those of the CIU reflect both mantle (eNdy, = 1.8 to 1.6) and crustal (eNdg = —40 to ~7.5)
compositions. These results suggest that the northern TNIC magmatism occurring at ~3500—470 Ma
originated from partial melting of the mantle-mafic crust components and mixing with felsic crust
components. By integrating the results with previous studies, the TNIC is considered to be formed
by a combination of the mantle and mafic crust melting, crustal assimilation, felsic crust melting,
and magma mixing during the Ross Orogeny.

Keywords: Ross Orogeny; Terra Nova Intrusive Complex (TNIC); northern Victoria Land (NVL);
zircon U-Pb age; Sr-Nd isotopes

1. Introduction
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Abstract The Australian-Antarctic Ridge (AAR) is an intermediate-spreading rate system located
between the Southeast Indian Ridge and Macquarie Triple Junction of the Australian-Antarctic-Pacific
plates. KR1 is the easternmost and longest AAR segment and exhibits unique axial morphology and
various volcanic structures, We identified three asymmetric seamount chains positioned parallel to

the seafloor spreading direction, which were indicative of prevalent off-axis volcanism in the vicinity

of segment KR1. Two-dimensional magnetic modeling was used to predict the magnetization polarity

of the seamounts, as well as to constrain their formation time and duration. The magnetic modeling
revealed that the majority of the examined seamounts were formed over a period of less than ~600

kyrs. The seamount formation primarily occurred during two distinct volcanic pulses from 0.16-1.14 to
1.58-2.69 Ma. A temporal gap of 200-650 kyrs between the formation time of the seamounts and seafloor
was estimated for certain seamounts that were formed much later than their underlying seafloor and at
adistance of 10-20 km from the KR1 axis. Typically, such off-axis seamount activity is related to axial
mantle convection caused by excessive magma supply near the ridge crest. Considering the scale of off-
axis volcanism and thickening lithosphere ~20 km away from the axis with intermediate-spreading rates,
small-scale upwelling made feasible by the fertile mantle heterogeneity is proposed as the mechanism

for the seamount formations at off-axis distances, and the geoct Ily enriched compositions of the
seamounts support this alternative explanation.
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Abstract: Underwater volcanoes and their linear distribution on the flanks of mid-ocean ridges
are common submarine topographic structures at intermediate- and fast-spreading systems, where
sufficient melt supplies are often available. Such magma sources beneath the seafloor located within
a few kilometers of the corresponding ridge-axis tend to concentrate toward the axis during the
upwelling process and contribute to seafloor formation. As a result, seamounts on the flanks of
the ridge axis are formed at a distance from the spreading axis and distributed asymmetrically
about the axis. In this study, we examined three linearly aligned seamount chains on the flanks of
the KR1 ridge, which is the easternmost and longest Australian-Antarctic Ridge (AAR) segment.
The AAR is an intermediate-spreading rate system located between the Southeast Indian Ridge
and Macquarie Triple Junction of the Australian-Antarctic-Pacific plates. By inspecting the high-
resolution shipboard multi-beam bathymetric data newly acquired in the study area, we detected
20 individual seamounts. The volcanic lineament runs parallel to the spreading direction of the KR1
segment. The geomorphologic parameters of height, basal area, volume, and summit types of the
identified seamounts were individually measured. We also investigated the spatial distribution of the

I tic
Ridge. Remote Sens, 2021, 13, 997
hittps:/ /doi.ong/ 103390 /rs13050097

along the KR1 segment, which exhibits large variations in axial morphology with depth
along the ridge axis. Based on the geomorphology and spatial distribution, all the KR1 seamounts
can be divided into two groups: the subset seamounts of volcanic chains distributed along the KR1

o AR A%, A%A,
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Tectonic constraints on formation and evolution of
microplates in the Indian and Pacific Oceans: reviews
and statistical inferences

Hakkyum Choi', Seung-Sep Kim**, and Sung-Hyun Park'
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ABSTRACT: Oceanic plates are growing through narrew boundaries, such as mid-ocean ridges and transform faults. However, the
discovery of diffuse plate boundary suggests another type of plate boundary that accommodates difference in plate motion via internal
deformation. Along the Central and Southeast Indian ridges, for example, the Capricorn and Macquarie microplates exhibit wide-
spread diffuse boundaries and hence divide the Indo-Australian Plate further into the Indian, Australian, Capricorn, and Macquarie
plates. As for microplates distributed along the East Pacific Rise and Pacific-Antarctic Ridge in the Pacific Ocean, however, the typical
plate boundaries surrounding the given microplate are distinctly established. Global plate reor; ion involving the changes in plate
motion or in spreading direction can be accommodated by forming a microplate through ridge extinction, ridge propagation, and
pseudofault formation. However, relations between these tectonic processes have not been quantitatively assessed. In particular, we aim
to examine tectonic constrains on the formation processes of microplates with diffuse plate boundary. In this study, we compare plate size,
plate age, full-spreading rates, thermal structures, total rotation, and rotation rate for the 9 microplates including extinct plates (ie.,
Capricorn, Macquarie, and Mammerickx* microplates in the Indian and Southern Oceans; Galapagos, Easter, Juan Fernandez, Bauer*,
Friday*, and Selkirk* microplates in the Pacific Ocean; extinct plates are denoted with asterisks). From this comparison, we find that the
microplate formation would require certain tectonic conditions (e.g., full-spreading rates faster than 70-80 mm/yr and rotation rates
faster than 5-6°/m.y.) to evolve into an independent and rigid plate with respect to the neighboring plates. If the conditions are not
met, the same tectonic reorganization would result in a microplate with diffuse plate boundaries.

Key words: microplate, ridge propagation, diffuse plate boundary, plate reorganization
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Oxygen isotope record of magmatic evolution of alkaline
volcanic rocks at The Pleiades, northern Victoria Land,
Antarctica

Nak Kyu Kim'*, Mi Jung Lee!, Jong Ik Lee!, and Jihyuk Kim?
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ABSTRACT: Oxygen isotopes are used to examine the well-documented magmatic evolution of alkaline volcanic rocks at The Pleiades
in northern Victoria Land (NVL), Antarctica. Oxygen isotopes were measured in olivine, clinopyroxene, and plagioclase phenocrysts
0 better understand the origin and evolution of the sodic and potassic differentiation lineages. The volcanic rocks at The Pleiades
evolved from a parental basanite by fractional crystallization in crustal magma chambers. Olivine which crystallizes first in the mafic
magmas provides the initial oxygen isotope composition of the magmatic lineages. The O, values for the mafic lavas in the sodic
lineage are lower than the potassic lineage. The primary melt derived from the metasomatized lithospheric mantle may have consumed
a low-6"0 amphibole metasome. Subsequently, the melt would have evolved to the normal-§'“0 potassic lineage magma by a large
contribution from surrounding peridotite. In contrast, the sodic lineage magma might preserve low-8'°0 characteristics because of
insufficient reaction with the surrounding mantle peridotite. Intermediate rocks of the potassic lineage exhibit a wide variation in their
oxygen isotope compositions and it deviates from the theoretical normal-8"0 trend. Hence, variable §'"0¢, values of the intermediate
rocks suggest that high-8"*0 recorded in olivine could be reconciled with an assimilation of crustal rocks in NVL, and hydrothermally
altered material may have contributed to low-8"°0 signature of the olivines,

Key words: The Pleiades volcanic complex, McMurdo Volcanic Group, Antarctica, oxygen isotope, AFC process
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+ The weakest slip system does not
change with Fe content, such that
CPO development is similar for Fe-
rich and Fe-poor olivine

+ Seismic anisotropy due to the
formation of CPOs in natural
olivine aggregates can be modeled
using CPOs obtained from iron-rich

Recrystallized grain size at a given
normalized stress increases with
increasing Fe content
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Evolution of Microstructural Properties in Sheared Iron-
Rich Olivine
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Abstract Iron-rich olivine is mechanically weaker than olivine of mantle composition, ca. Fog, and
thus is more amenable to study under a wide range of laboratory conditions. To investigate the effects

of iron content on i duced ic preferred ion (CPO) and grain size,
we analyzed the microstructures of olivine samples with compositions of Foy,, Fos, and Fo, that were
deformed in torsion under either anhydrous or hydrous conditions at 300 MPa. Electron backscatter
diffraction (EBSD) observations reveal a transition in CPO from D-type fabric, induced by dislocation
glide on both the (010)[100] and the (001)[100] slip systems, at low strains, to A-type fabric, caused by
dislocation glide on the (010)[100] slip system, at high strains for all of our samples, independent of iron
content and hydrous/anhydrous conditions. A similar evolution of fabric with increasing strain s also
reported to occur for Fos. Radial seismic anisotropy increases with increasing strain, reaching a maximum
value of ~1.15 at a shear strain of ~3.5 for each sample, demonstrating that the seismic anisotropy of
naturally deformed olivine-rich rocks can be well approximated by that of iron-rich olivine. Based on
EBSD observations, we derived a piezometer for which recrystallized grain size decreases inversely

with stress to the ~1.2 power. Also, recrystallized grain size increases with increasing iron content. Our
experimental results contribute to understanding the microstructural evolution in the mantle of not only
EBarth but also Mars, where the iron content in olivine is higher.
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ARTICLE INFO ABSTRACT

=z AA

=1 Al A Keywords: Microstructural investigations of mantle xenoliths from the Mt. Melbourne area were undertaken to reveal the
Mantle weriolith: origin of S-wave splitting beneath northern Victoria Land, Antarctica. The six analyzed peridotites contain
MO various deformation features. The rotated olivine maxima of [100] and [010] into horizontal and vertical ori-
Zel‘l’w”:: anisonopy entations, respectively, are classified into five samples with a D-type crystallographic preferred orientation (CPO)

and one sample as an A-type CPO. The D-type olivine fabric can be explained by multiple slip systems of {0k}
[100] at and high itions; therefore, both compressional and extensional regimes
during subduction and rifting, respectively, could be applied in this study. With an assumption that olivine a-axes
are aligned along the direction of mantle flow to form maximum S-wave splitting, the observed delay time of
0.9-1.3 s beneath northern Victoria Land can be partially explained by the anisotropy in the mantle peridotites.
The remaining seismic anisotropy can be explained by the presence of melt pockets trapped along tectonic faults
that developed perpendicular to the fast S-wave splitting direction. This study therefore demonstrates that the
NE-SW-trending S-wave splitting beneath northern Victoria Land, Antarctica, results from the existence of both
mantle peridotites as well as melt pockets trapped along the tectonic faults.

Crystallographic preferred orientation
Electron backscatter diffraction
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Abstract: The Terra Nova Intrusive Complex (TNIC) in northern Victoria Land, Antarctica, results

=5 7]] ;(H o] /B]— 80 from widespread magmatism during the Early Paleozoic Ross Orogeny. According to field relation-
ships, geochemistry, and geochronology data, the northern part of the TNIC comprises the Browning
U] o} Intrusive Unit (BIU), which is associated with an arc crustal melting including migmatization of the
‘—— ‘Wilson Metamorphic Complex, and the later Campbell Intrusive Unit (CIU), which is attributed to
the mantle and crustal melting processes. Zircon U-Pb ages suggest Late Neoproterozoic to Early
Facklr Cambrian protolith with Late Cambrian metamorphism (502 % 15 Ma) in the WMC, Late Cambrian
: formation (~500 Ma) of the BIU, and Early Ordovician formation (~480-470 Ma) of the CIU. Sr-Nd
Citation: Kim, D, Yi, S-B,; Kim, H.; - . o . N
o s oo 11 isotopic characteristics of the BIU indicate predominant crustal component (eNd ) = —8.7 to —8.9),
Gm;hemw'y onif G'e«hmmmsy of  Whereas those of the CIU reflect both mantle (eNd) = 1.8 to 1.6) and crustal (¢Ndy = —4.0 to ~7.5)
Barly Paleozoic Intrusive Rocks inthe  COMPOSitions. These results suggest that the northern TNIC magmatism occurring at ~500-470 Ma
‘it Niowa iy A Nl originated from partial melting of the mantle-mafic crust components and mixing with felsic crust
Victoria Land, Antarctica. Minerals components. By integrating the results with previous studies, the TNIC is considered to be formed
2021,11,787. https://doi.org/ by a combination of the mantle and mafic crust melting, crustal assimilation, felsic crust melting,
10.3390/min11070787 and magma mixing during the Ross Orogeny.
Academic Editors: Keywords: Ross Orogeny; Terra Nova Intrusive Complex (TNIC); northern Victoria Land (NVL);
Hans Jirgen Forster and Sven Fuchs  ixcon U-Pb age; Sr-Nd isotopes
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asteroid (162173) Ryugu were retrieved by the Hayabusa2 spacecraft. We measure the mineralogy, bulk chemical and

isotopic compositions of Ryugu samples. They are mainly of ials similar to chondrite
meteorites, particularly the Ci (lvuna-type) group. The samples consist predominantly of minerals formed in aqueous
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jz"f (Syst.) million years after formation of the first solids in the Solar System. After aqueous alteration, the Ryugu

samples were likely never heated above ~100°C. The samples have a chemical composition that more closely
resembles the Sun's photosphere than other natural samples do.
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Abstract

Least-squares reverse time migration, a lincarized inversion problem, can provide
high-quality migration image by minimizing the misfit function, which is defined by
predicted and observed data. According to the theory of data-domain least-squares
reverse time migration, a forward source wavefield that is simulated with a fixed
background velocity does not change during iterations. However, storing the forward
source wavefield directly into computer memory involves substantial memory con-
sumption. Although a source wavefield reconstruction technique can be applied during
least-squares reverse time migration iterations, this approach can increase the com-
putational cost because of the need for additional wavefield simulations. To alleviate
this computational issue in storing the forward source wavefield, we propese an effi-
cient least-squares reverse time migration scheme based on an excitation amplitude
method. Unlike conventional excitation amplitude imaging conditions, the proposed
least-squares reverse time migration scheme enables one to reconstruct the forward
source wavefield by convolving a source wavelet with the excitation amplitude of
Green's function at the excitation time. With this excitation amplitude method, the

Grany/Award Number: FEZH10 forward source wavefield can be efficiently stored in the compuier memory because

the sizes of the excitation amplitude and excitation time maps are equal to the size
paiii)

of one snapshot. To validate the fg of our least-sqp
scheme. we perform dot-product tests and compare forward source wavefields, dem-

reverse time

igrated data and gradient vectors obtained by conventional least-squares reverse time
migration and our proposed least-squares reverse time migration. Using numerical tests
on synthetic data, we confirm that our least-squares reverse time migration can pro-

duce high-quality migration results with a signi imp inc

efficiency with respect to performance time and memory consumption.
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ABSTRACT: The Ayu Trough, located in the equatorial western Pacific, is the only divergent boundary surrounding the Philippine
Sea Plate. A mid-ocean ridge spreading in the N-S direction near low-latitude regions presents low geomagnetic anomalies, thereby
complicating the of the troughi rate based on ic signal from the d sealloor. According
1o previous studies, the Ayu Trough has been open since ~25 Ma, with a hal -spreading rate of 4.1-8.1 mm/yr. This implies that the
trough belongs t the ultraslow-spreading mid-ocean ridge category with a full-spreading rate below 20 mm/yr. However, the geo-
chemical signatures of the rack samples from the Ayu Trough do not exhibit the unique characteristics of ultraslaw-spreading ridges,
including the enriched mid-ocean ridge basalts (E-MORB) with high rare carth clement (REE) concentrations and abundant light rare
carth elements (LREE). Rather, the sampled rocks from the entire trough-axis exhibit the typical features of the normal mid-ocean
ridge basalts (N-MORB) with low REE concentrations. The contradictory inferences made from geochemical results suggest that the
Ayu Trough did not undergo an ultraslow-spreading but rather a considerably rapid spreading over a short period compared to the
estimates made by previous studies. The modified interpretation for the spreading rate of the Ayu Trough can be associated with the
global plate reconstruction model, considering the major plate reorganization in East Asia. Around 15 Ma, a series of significant tec-
tonic events occurred in East Asia and the western Pacific. The global models for East Asia imply that the spreading of the Ay Trough
could have been initiated afterwards. Based on our geochemical analysis of the MORB on the Ayu Trough and the global plate model
we argue that the spreading of the Ayu Trough was initiated after ~15 Ma during the major plate reorganization in East Asia, and not
in ~25 Ma as reported by previous studies. Therefore, the spreading occursed only for a period of about 10 Myr at a relatively rapid
full-spreading rate of > 20 mm/yr. The massive sediments with a thickness of y 50-70 m on the spreading-axis of the Ayu
Trough reinforce the estimated cessation time of the trough. In addition, the V-shaped seafloor of the Ayu Trough and the unclear
transform fault may be interpreted as topography formed by a propagation of rift or mantle melting. Therefore, the trough does not
have to be simultaneously opened throughout the axis, and  its spreading rate could be higher than previously estimated

Key words: Ayu Trough, Philippine Sea Plate, spreading rate, sedimentation rate, mid-ocean ridge basalts, rare earth elements, global
plate reconstruction
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ABSTRACT: Rare earth clement geochemistry (REE) can provide critical information an the evolution of the crust-mantle system
Enropium (Eu) exists in divadent and trivalent states, and Eu* can substitute for Ca* during plagioclase feldspar crystallization in reducing
magmas. This leads to positive Eu anomaly in Ca-plagioclase-tich anorthosite derived from the mantle and negative Eu anomalies in
fractionated sifica-rich erustal rocks. While many studies have addressed Eu anomalies in REE data, especially in igneous rocks, almost
nane have evaluated ratios of Es two stable isotopes ('"Eu and ™Eu) alongside Eu anomalies. Here we report systemutic variation
of the Eu Isotopic ratio (8Eu) from igneous rocks including anorthosite. This study detected a correlation between Eu anomalics and
Eu isotopic ratios. Rhyolites and highly fractionated granites exhibited large negative Eu anomalies and negative §”Eu values while
anorthosites exhibited large positive Eu anomalies and positive 5'Eu values. In the case of the highly fractionated igneous racks with
negative Eu anomaly, the Eu isosope factionation slope varied according to the degree of magmatic differentiation for both volcanic
(extrusive) and plutonic (intrusive) rocks. Our finding reveals that Eu isotope Fractionation in igneous rocks can provide new infor-
mation related to magmatic differentiation and plagioclase feldspar crystallization including anorthosite formation.

Key words: Eu Isotope fractionation, Eu anomaly, magmatic d hos

feldspar crystallizat
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Table 2. *°Ar/*Ar ages of Neogene and Quaternary volcanic and hypabyssal rocks from northern Victoria Land, Antarctica.

y . Plateau Age Isochron Age Integrated Age
Sample Locality Material  10%) 1o
KiCa $20 N  %¥Arige(Ma 320 MSWD N ige(Ma 20 MSWDYAr*Ai +20 Age (Ma 20

J22020902 Pinckard Table ~ Groundmass 1543 179 024 0.00 7/10 819 064 0.08 145 6/10 063 0.14 200 2958 348 061 022
J22020903 Random Hills Groundmass  0.79 1135 029 0.00StepG 313 <0.56 0.01 = 10/10 0.64 0.02553.72 207.2 3.81 0.64 0.00
J22022410-1 Random Hills ~ Groundmass ~ 0.79 10.51 0.24 000 810 873 051 001 223 810 052 0.01 252 2940 223 049 0.01
J22022410-2 Random Hills Groundmass  0.79 11.62 0.26 0.00 3/3 1000 0.58 0.03 0.05 33 059 0.08 003 2950 3.03 058 0.03
J22020208 Arrowhead Range Groundmass 1541 160 0.16 0.00 10/10 100.0 227 008 1.91 1010 223 006 1.87 297.1 1.8 240 0.2
J22020203-2 Berlin Dome Groundmass 1540 1.36 060 0.00 9/10 906 312 0.01 377 9/10 311 005 443 2971 115 313 0.01
J22020508-1 Mt. Brobec Groundmass 1545 2.00 0.34 000 9/10 884 045 0.01 190 9/10 042 003 155 3023 6.4 047 0.01
J22020508-2  Mt. Brobec Groundmass 1545 153 0.4 000 6/10 813 048 0.04 3.10 6/10 046 0.07 398 2967 57 048 0.04
J22020503 Mt. McCarthy Groundmass  0.79 17.98 0.18 0.00 4/9 588 0.94 004 1266 6/9 089 0.03 1241 301.0 32 0.88 0.02
422020502 Mt. McCarthy Groundmass  0.79 14.69 020 0.00 510 414 087 003 025 810 0.94 001 1.55 2936 07 092 0.01
J22020501 Mt. McCarthy Groundmass  0.79 13.74 0.22 0.00StepG 399 -0.01 0.00 - 10/10 0.04 000 9249 2942 15 0.03 0.00
J22020505 Mt. Supernal Groundmass 1541 128 0.30 0.00 810 774 529 0.02 093 810 526 018 1.12 297.8 127 534 0.02
J22020507 Mt Kinet Groundmass 1543 198 0.13 000 9/10 940 7.73 007 482 910 7.80 0.04 268 2914 17 758 0.10
J22020906-2 Pass 079 1484 037 000 4/10 516 161 001 1.08 4/10 161 0.04 204 2047 55 162 0.01
J22021604 Browning Pass  Groundmass  0.79 14.44 0.12 0.00 3/10 527 0.32 0.01 045 310 035 009 0.69 2934 76 0.33 0.01
J22021603 Browning Pass  Groundmass  0.79 13.44 0.17 0.00 9/10 914 039 001 212 910 041 001 155 2917 2.7 039 0.01
J22021601 Northern Foothills Groundmass ~ 0.79 15.07 025 0.00 9/10 972 028 0.01 1.10 910 028 001 1.35 2951 11 027 0.01
J22022203C  Vulean Hills Groundmass ~ 1.54 0.16 048 000 10/10 100.0 29.79 0.09 1.01 1010 2966 0.13 032 2977 17 3008 025
J22022202-1 Vulean Hills Groundmass  1.55 020 0.38 000 510 593 444 002 521 510 4.09 002 053 3163 99 410 001
J22022202-2 Vulcan Hills Groundmass 155 0.15 029 0.00 4/10 684 3583 027 122 4/10 35.06 095 046 302.0 77 3668 0.33
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Table 1. Whole rock and 3r-Nd-Pb sotopic compositons of Neogene and Quaternary volcanic rocks fram Narhtern Victarda Land, antarctica.
122410-L122022202- 15220222027 JF2002303 J22020206 J22020203- J22020508- 122020508-2J22020502 122020502

JEI020802 J220

Pinckard Random Random Random  Vulcan WVulgan ulean Arrowhes Berlin WML WML M Mt
Table Hif Hills Hills Hills Hills. Hills dRange Dome Brobec Brobec MeCarthy  MeCartny
MAJOR ELEMENTS
Sio2 4513 4281 4344 46.21 T.85 55,12 4280 4520 5204 4706 4872 45.88 4450
maz ) 276 275 281 260 0.88 232 282 188 278 275 307 3 ped
A203 1502 15m 1567 1512 1577 1370 14.82 13.48 1630 16822 1828 14.93 1465
Fet 177 1108 1133 nm 1288 BES amw 11.18 1032 1274 1238 1178 11.08
MnG 019 010 o 019 0z 07 015 0.i1e 0.2t 0.21 o2t 010 020
MgO T41 52 FAl 6.56 373 4589 443 10.00 272 488 483 733 813
Cal Bos 7es 824 8.20 783 B73 &43 1021 581 750 TED 282 10.86
NaZO 378 420 4 38 462 129 R 32 400 428 428 ig2 355
K20 1.53 1en 17 171 1.75 128 210 124 N 158 153 143 1.34
P205 o077 omn 0En D¥a 130 0.13 085 o.a7 07s 052 D58 083 o8t
Lot 028 an 022 D28 0.7 280 q4s .08 Dog 25 004 1 b 062
SUM Ge@E ki) 995 oe1 88 &0 a0t el a81 BE4 i) 238 o8 a8 4
VOLATILE-FREE NCRMALIZED
Sio2 45.68 4207 4858 4724 4871 5747 518 48.07 53.87 4263 4928 4525 4503
maz 338 7T 275 287 264 B 247 287 183 282 2m 30e 318
AlzO3 1510 1508 1572 1548 16.02 141 15.50 1374 16.58 1645 1848 15.10 1470
Felt 14 11.08 1138 1152 1306 2o} 287 11.40 1051 1201 1254 11.88 1210
MnC 019 0,18 o 0.20 0z 018 018 019 0.22 022 021 D20 020
Mg T40 522 7.13 671 a7e 507 477 1019 29T 483 488 Tad ax
Cal 1005 77 a7 851 .78 805 880 1041 6.0t 781 75 10 1077
NaZO 380 422 211 345 470 208 410 338 508 432 434 368 350
K20 1565 101 L7 178 1.78 132 224 127 225 1.58 155 145 1.26
P205 07a omn 13-4 Dan 112 0.13 081 0.60 o7 053 058 083 o.e2
Sum 100.00 100.00 100.00 +00.00 100.00 100.00 100.00 10000 100.00 10000 10000 100.00 100.00
ALK 535 613 68.10 570 647 333 634 £ 65 733 f00 3.4 &10 404
Mg# b&3 048 o8 {23 034 D43 047 1] D.az D40 040 083 055
TRACE ELEMENTS
= 105 154 185 20.1 1z 323 124 25.1 11 144 148 207 234
v 2233 1781 1088 2132 B50 2213 1432 028 T2 221 2144 245 507
Cr 2608 100.1 1701 186.9 48 588 B85 5g8a0 12 [:E:] a1 234 i3
Co 410 M5 402 448 276 388 3z 5232 23 T4 358 425 473
M 37 512 1040 ore a0 537 To& 2325 12 106 a1 [a7 11458
Cu 475 B8 452 40.8 288 B4E e as.1 16.2 k) 0.1 E54 820
Zn 038 prs ] 1048 AR 140.0 Ba4 197 B0.5 107 103E oeg 874 0.1
Ga 182 %7 204 14 247 150 218 172 202 77 7a 185 188
Rb 335 825 231 414 30.1 437 550 272 404 208 300 315 a7
Br TS5 704 T40 T15.0 TBO.E 166.7 ERB7 6ea8.7 4544 629 G025 2.1 7ag2
74 78 289 B2 304 235 29 244 36.7 253 258 263 258
i g 260.3 284 3284 3008 4854 48 323 1835 1958 203.3 10948
Mo TO.1 768 822 782 861 520 T0.6 455 468 B53 645
Cs 0.8 0g {123 oy 04 BO 28 0.4 0.8 o4 0s 0.8 o4
Ba 4011 4408 4324 4153 4038 2831 B40.5 30/I6 536.4 437 4354 4842 4815
La 470 510 582 85.3 Bog 149 0.6 9.8 28 328 3z 46.8 430
Ce 85.0 28 1128 106.2 1325 332 1350 79.8 103.0 56 a7 a3z a7e
Pr; 107 113 125 120 153 41 148 a2 1s 77 e 0.8 101
Nd 450 454 503 47.0 83T B2 L7 =R 467 27 332 448 28
Sm BT Ef o4 B8 125 38 105 7B 8.2 65 88 BT az
Eu 27 z8 28 23 a0 10 21 24 26 22 22 27 28
Gd 77 T4 an T8 120 41 E5 3] B.1 &8 80 73 A
T 1.0 L) 10 10 15 o7 1.1 og 11 og o2 1.0 10
Dy &0 50 B2 68 a2 47 62 54 71 D 54 68 54
Ho 10 11 1.2 11 15 og 11 10 14 10 10 10 1o
Er 27 28 a0 28 44 aa 28 25 3g 27 27 27 28
Tm 04 04 04 D4 [11:] o4 04 0.3 0.5 04 04 04 03
Yo 23 24 25 24 33 27 23 2 aT 22 25 23 22
Lu 02 {15 o2 03 0E 04 03 oz os oa 04 D3 {137
Hf 57 63 8.8 B2 ] 48 8.5 43 43 44 45
Ta 43 47 52 48 53 g 43 27 28 40 i
Pb 25 a2 24 6.0 21 8.0 42 2 832 27 2B 28 10
Th AT 78 75 7o 62 43 ] 45 7 a8 e 50 48
u 18 21 21 20 15 2 27 12 12 o7 oe 13 12
Sr-Md-Po RADICISOTOPIC RATIOS
Hgrfer 0703102 07033568 0702334 D.703E07 0704035 0703160 0703714 0703731 0703437 0703203
0512040 0512028 0512043 D.512858 0512875 0512045 0512885 0.5128B& 0512878 0512804
10.530 19.450 10820 10417 10.048 19388 o800 10802 10.578 18.728
15.826 15.653 15622 15.652 15.648 15813 15.674 15.673 15.831 15.833
32273 39.340 30337 30.848 2871 34182 33.742 30738 30483 39.503
et
3 E o}l
- = B3
= HEE L wge
SR | g
e e FE TAYE B4 44 AR 20(HAE, AlF 23-1F, )
AA 7z | sHEx
£
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Table 1. Oxygen isotopic data of zircon and quartz from t
he manganiferous quartzite (sample 23-1F).

Spotne. OO 122 (%) 5"?92':;”"" 1ee x’\g‘:w
e

131 000203582 001529694 1837 031 537
141 00203541 0.01162341 1817 022 506
1581 000203618 001434423 1855 029 515
161 (00203613 0.01337370 1855 027 502
171 000203611 0.00941997 1851 013 548
201 000203578 0.00948018 1835 019 507
4 000203455 0.01063566 1773 02 238
221 0.00203688 001267178 1880 0.25 507
251 000203456 0.01203961 1774 gza s
271 000200603 007176440 351 oz 287
281 0.00203584 0.00895455 1838 018

231 000203350 0.01074526 1721 oz

and 500203501  0.00996298 1796 020

311 £.00203485 001150307 1788 023

321 000203526 001311666 1809 026

EER 000203605 0.00980704 1842 020

341 000203341 001319575 1716 026

Quart=

14 000203885 0.02050937 2028 041

24 000203895 001890670 037 038

31 0.00204157 001928971 2113 038

a1 000204187 0.02277439 2133 046

51 00204213 01849123 2141 037

&1 DODZ04189 0.01749889 2128 03s

7.1 000204188 0.01878917 2129 038

a1 000204182 001596430 2126 oaz

a1 000204095 001482018 2083 030

16 000204122 002000032 2088 040

111 000204012 002238987 2041 045

121 (00204043 0.02300209 060 048

131 (00204079 0.01£80750 074 034

141 0.00203976 001544009 2023 031

151 000204072 0.01933703 071 039

161 000204040 0.01981263 2055 040

171 000203885 001981263 1878 040

181 000203862 0.01985488 1966 | 040

181 0.00203797 007083602 1934 022

*5ph 78y ages abtained from SHRIND data (Kim et al. 2022)

Table S2. The SHRIMP U-Th-Pb isotopic compaositicns of zircon from the quartz vein, Lanterman Range, Antarctica

Sample 22-3C

1.1 1 003 0003 034 00012 £ 273
21 281 001 9000 005 0.05997 + 49
31 127 004 0000 008 fog13rE
41 15 015 0omn 062 005742 = 326
51 239 009 0000 0.06 006483+ 52
6.1 22 004 0002 0.62 0:05639 = 390
i 107 005 ©000 045 010617 £ 103
81 263 002 0000 0.05 0.06797 £ 55
a1 339 015 G000 0.07 Q07130 £ 49
101 291 005 0000 0.07 007330 50
111 241 109 0005 0.06 005684 = 47
121 20 005 0003 0354 005869 £ 168
131 191 024 0002 005 DO7744% 135
141 156 015 00 0.04 Q057752 48
151 36 008 0001 028 005943 = 113
16.1 158 0412 0003 010 008069 = 67
171 73 003 0000 013 0118572 111
181 187 010 000 0.05 0.05792 £ 49
191 641 5400 0104 012 005704 £ 96
182 51 002 0000 0.28 012787 £ 147
201 24 005 0002 023 005713% 128
211 &4 008 00O 025 0068151 128
231 163 007 0000 010 Q0413
241 82 0:17 0002 023 009584 + 156
251 125 016 00 020 006843+ 100
261 a7 010 00 023 0072341 126
301 72 200 0029 028 DO5395+ 127
341 109 004 0000 021 009515+ 143
351 45 012 0003 031 005932 + 268
36.1 473 071 0002 0.06 006011z 50

EUCPb*fEE‘_‘U

0.0741 2 160
00783+ 81
0:p795 % 120
00780+ 146
008161 99
0.0821 ¢ 220
008041 134
0.0827 + 86
00803 1 82
0.0807 + 108
00814+ 84
008172 205
0.0785+ 173
008252 175
0.0813 217
007862 131
0O7e5+ 177
00734+ 179
00845+ 212
008124 185
00792+ 194
00821 % 81
00810+ 68
00777 75
008312 71
008201 77
00824+ 84
00781+ 71
00805+ 95
0.0834% 60

!UprafRS

061445+
0B4772%
039093+
0617681
072953+
0638281
117724+
0775331
0.78950+
0815781
063923+
0.67243%
084934+
0.65704%
0666411
037440+
1.25949+
0.62601%
0667201
143194+
062860+
077115%
0716081
1.02715¢
078383+
081744+
0g1288+%
102418+
065846+
0690751

U

3067
849
1603
3688
1057
4731
2262
1016
971
1218
a43

1521
1900
3643
2059
1636
1178
1845
1327
1611
1560
1789
3082
734

207, P b}ZU( pb
age (Ma)

608+ 98
602+ 18
1229+ 19
508+ 125
769+ 17
4681 153
1735% 18
3651 17
966+ 14
10221 14
489% 18
592 61
1133 % 35
520+ 19
583 41
12142 16
1935+ 17
527+ 18
453+ 37
2069+ 20
497 + 44
873+ 39
746+ 30
1545+ 31
882+ 30
995+ 35
369+ 53
1531+ 28
579+ 98
607+ 18

Ziﬁpb“,ri 36U
age (Ma}

48110
438+ 5
ag3: 7
424+ 9
506+ 6
509% 13
499+ 3
51245
458+ 5
500+ 6
505+ 5
506+ 12
493+ 10
511+ 11
504+ 13
423+ 11
493+ 11
436+ 11
525% 13
503+ 11
495+ 12
508+ 5
502+ 4
433+ 5
514+ 4
508+ 5
510% 5
435+ 4
495+ 6
516% 4

Discord
-ance (%)

25
20
62

5
36
-9
74
43
50
53
-3
15
59

2
14
62
77

8
7
79

0
43
34
7
43
51

-4p
71
14
16

Errors are 1o estimates. All the isotopic compositions were caleulated using the ““common Pb corraction method. Pb* denates radiogenic
Pb. Concordance was calculated from ““"Pb/“7Pb and *“*Pb/**"U ages.
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82311 1001-3 MB231
ME. Brabec Mt Brabec Mt Brabec Mt. Bral

bec | M Brabec Mt Brebec

Hills Hills Hills Hills
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Tioz2 17.18 16.80 15.70 15.88 1321 11.46 16.10 1577 15.73 15.84
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FeOt 6.65 5.88 11.40 15.56 14.10 16.01 12.03 11.95 419 287
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r 597 584 201 214 465 835 309 97 1211 532
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Cs 1 5 1 o 1 1 1 1 0 1
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| La Iis 75 42 34 92 17 58 57 124 113
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| M1205 M. Ritmann Sanidine Weighted mean  12/12 634 170 1548 326 56.45 3m 57.54 184 418 2919 1221
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Raman spectroscopy analyses were conducted using a RED4 (Renishaw),
equipped with software WIRE 5.5 at Korea Institute of Geosciences and Mineral
Resources, Daejeon, South Korea. A 532 nm solid-state laser (2.5 mW power, 1
um resolution) collected spectra at 266.10 to 2006.58 em~" (centered at 1,200
cm")wath 1 s acquisition time.

Data, Materials, and Software Availability. Fossil specimens have been
deposited in Nanjing Institute of Geology and Palaeontology, Chinese Academy
of Sciences, Nanjing, China (NIGP 201817-201819 and 203640-203736).
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During the Late Pleistocene, a severely cold and dry climate strengthened dust
production across the Northern Hemisphere. Despite many studies examining
aridification and dust production, there is a lack of understanding about dust
transportation during global climate variability. Long-range transported (LRT)
dust can be traced by comparing global geochemical signatures and con-
straining provenance relationships. Here we report rare earth element abun-
dances and strontium, neodymium, and oxygen isotope compositions of
inorganic substances in ice wedges from Batagay and Central Yakutia (Cyuie
and Churapcha), which comprise Yedoma deposits that formed in unglaciated
Beringia. Distinct geochemical properties reflect differences between local
and LRT dust contributions. Particles in the Batagay ice wedges show higher
similarities to Chinese aeolian deposits, while those in Central Yakutia indicate
stronger local input. These provenance constraints highlight variability in
atmospheric circulation transporting dust to the Arctic during the Late Pleis-
tocene, linking climate changes to aerosol distribution.
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ABSTRACT: Cryovolcanism is a phenomenon reported in dwarf planets HeO N, re H: O,

o 20 N, 2
and satellites in the solar system and is characterized by the eruptions of CO; A H,5

volatiles under low-temperature conditions. However, there are clearly

limitations to understanding it fully from observations far from Earth. From 5’}2‘3 e g?{:ﬁ‘%%‘%
this point of view, Antarctica is one of the most extreme environments on 1= 10.0 0 47.4°C
Earth and is a very important region for modeling the extraterrestrial
environment. Here, we report a maximum soil CO, flux value of 6120 g m™>

d™' and a total CO, output of 8355 t d™' from the hydrothermal

environment (up to 57.6 °C) of Mt. Melbourne, an active volcano located in S

Antarctica, In addition, famarolic gases have §"°C values of —13.9 to —4.2%0 Clroukutirs

with CO, concentrations of 21.2—36.2 vol %. The corrected helium isotope

ratios (Re/Ra) of the gases are up to 2.21, indicating the magma degassing of Mt. Melbourne. However, hydrogen and oxygen
isotopes of the ice samples inside the ice caves and ice towers in the hydrothermal region, similar to their surroundings, suggest that
they are of largely atmospheric origin. Nevertheless, the circulated water caused hydrothermal alteration, producing minerals such as
kaolinite and gibbsite, which greatly affected the moss habitat and microbial distribution of small greenhouse systems. Thus, the
observations in this Antarctic hydrothermal system could potentially provide clues about extraterrestrial biological activity through
cryovolcanism.

KEYWORDS: hydrothermal degassing, carbon dioxide, helium, cryovolcanism, Mt. Melbourne, Antarctica
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mbusetti@ogs.it &
& Re: Thank you for initiating our collaborative research on the Ross Sea (FWI and DL)
To: ksg9322@ re-kr,Cc: Riccardo Geletti, . Chiara Sauli, . vlipari@ogs.it, . eforlin@ogs.it, gbrancatelli@ogs.it, Laura De Santis, Fausto Ferr SRIXIFAIAHH

Dear Kang

sorry for my late reply.

Regarding your visit to OGS, the period from mid-October to November is also the best for us.

You will shortly receive an email directly from Chiara Sauli regarding the collaboration on Deep Lerning.

We are preparing the Memorandum of Understanding, which we will send to you after it has been checked by our administration (hopefully as soon as possible)
Best regards

Martina

1 giorno ven 14 mar 2025 alle ore 08:06 A&7 WaHA|AN 2L <s99322 @koprise.kr> ha scritto:

Dear Martina and everyone,

Thank you for your thoughtful response and for considering the best time for our collaboration. We are excited to begin the next phase of our work together.

We understand your commitments to fieldwork in May, June, and early July. Consequently, we will adjust our plans and propose scheduling the visit for September, October, or November, in line wit|
ilability. However, may be ing for us due to the Arctic cruise. Our available dates are from mid-October to November. This timeline suits us well, and we will coordinate with ol

to finalize the

Regarding the Deep Learning research, similar to our collaboration on FWI, we could conduct the study through an in-person visit and utilize the available data. However, we would like to initiate rer

collaborative research with Dr. Sauli as soon as possible to expedite results. If feasible, we would greatly appreciate your consider:

Additionally, please let us know if we need to take any steps regarding the ion of the of L ing (MoU) for

between our institutes.

We look forward to strengthening the collaboration between our institutes.

Best regards,

Kang

On Mar 11, 2025, at 20:21, Busetti, Martina <mbusetti@ogs.it> wrote:

Dear Kang

thank you for your email.
We are also pleased to have met you in person and thank you for travelling all this way to visit us.

We are glad to know that the two PhD students are enthusiastic about coming to the OGS for a period of time to work with us on the Ross Sea data
Unfortunately, many of us will be busy with field surveys in May, June and early July, especially the colleagues working on processing of MCS and myself, so our presence at the OGS will be very irregular during this period.

We therefore propose the months of September, October and November and hope that this period will also be suitable for you
For DL we can also arrange a period for the early next year, as you propose.

The SCAR fellowship is a good opportunity, but if you prefer to come with your own funds, that's fine too, of course. As you said, in this way we can start our collaboration earlier.
In the meantime, we will prepare a Memorandum of Understanding for collaboration between our institutes.
Best regards

Martina

1l giorno mar 4 mar 2025 alle ore 17:21 247 YWafAl el 14 <ksg9322@kopri.re.ke> ha scritto:

Dear Martina Busetti, Riccardo Geletti, Chiara Sauli, and Edy Forlin,

It was truly a pleasure to meet you. Having previously known you only through your papers, it was an honor to finally meet in person at OGS.
be involved in our collaborative research. They are excited about working with OGS, and we are eager to take the next step forward.

FWI, which would be the best-case scenario.

supporting an OGS visit early next year through our research funding.

I personally prefer proceeding with KOPRI funding, as it allows us to start the collaboration earlier. If we are awarded the SCAR Fellowship, we can utiize it for the next step of our research.
We would appreciate hearing OGS's thoughts on this plan.

Additionally, if you are interested, we would be happy to collaborate with you on Arctic research, whether on gas hydrates or other topics related to the geophysical field.

ook forward to continuing our discussions and working together. Please let me know your thoughts.

Best regards
Kang

o
= BAd PE;se spxstolsdolE B4 AAAE

st % WErdEs AnE AR UAEETR O ATE A

sharing data remotely to facilitate the DL research. Please|
know your thoughts on this approach. For the DL research, we only need the migrated seismic sections or images and detailed information on fault interpretation results (Sauli’s work), rather than ti

Iwould also like to express my sincere gratitude for your warm hospitality and kindness during my visit. JongKuk and | have returned home safely, and | am now back in the office. Upon my return, | spoke with two of our post|
As an initial step, we plan to apply for two SCAR Fellowships—one for Full Waveform Inversion (FWI) and one for Deep Learning (DL). If successful, both researchers will visit OGS for one month to conduct joint research util

Alternatively, f the fellowships are not granted, we can send one FWI researcher to OGS for about a month using our research funding (KOPRI funding). If we proceed with KOPRI funding, our visit would take place sooner th
SCAR Fellowship visit, potentially in June or July this year. For the DL component, we are considering two possible approaches: conducting the collaborative research remotely via email and online communication if feasible,
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