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SUMMARY

Title

Characterizing mantle domain beneath West Antarctic Rift System and Antarctic

mid-ocean ridges

Purpose and Necessity of R&D

1. Goal of R & D

©)

O
O

Identify the causes of crustal movement and formation around the northern
region of Terror Rift, the most active of the West Antarctic Rift System
The crust formation process and mantle characteristics of KR3

Studies on subsea volcanic rocks, tectonic and mantle xenolith related to
new crustal activities in the West Antarctic Rift System

2. Necessity of R & D

@)

©)

The West Antarctic Rift System is a complex of complex rift structures
spanning 750 km and is one of the most massive tectonic structures
found in Antarctica.

The western boundary of the West Antarctic Rift System has the
Transantarctic Mountains that divide Antarctica in the south—north
direction. Although most studies have been conducted in the Erebus
volcanic region, few studies have been done in the West Antarctic
Tendon structure and northern Antarctic Mountains

KR1 and KRZ of the Antarctic mid-ocean Ridge are located in the
Pacific Mantle region, but the first phase of exploration and research
confirmed that the mantle is not the same as neither the Indian Ocean
nor the Pacific Ocean Mantle below it. The findings are significant
enough to require modifications to the hypothesis that the upper mantle
has only two Pacific and Indian Oceans, as well as a mantle convection
model where the two mantles meet at the AAD

The Zealandia mantle is believed to originate in the extra-large plume
that led to the cracking of the Gondwana continent, where the
Antarctic-New Zealand—-Australian continents were united. Mantle plume
flows well due to its relatively high temperature and high fluidity, which
can lead to continental rifting

This phase of the study carried out geophysical exploration and sampling
of the Antarctic Mid-Ocean Ridge, KR3, where the western boundary of
the Zealandia mantle is expected to be distributed, and the characteristics
of the mantle distributed below it. The purpose of this study is to clarify
the structure and causes of the formation of the West Antarctic Rift
System and the perceptual activity caused by the rift system



III. Contents and Extent of R&D

1. Investigation of tectonics in the vicinity of Terror Rift and Victoria Land Basin

O Tectonics and sedimentary variations from the evolution of Terror Rift
O Neotectonic activities and Cenozoic evolution of West Antarctic Rift System

2. Investigation of crustal processes and mantle source characteristics beneath KR3

O Mapping and sampling on KR3 segment

©)
@)

Geochemical analysis on volcanic rocks recovered from KR3 segment
Specifying location of hydrothermal vents in KR3

3. Investigation on igneous and volcanic rocks from Ross Sea and KR1 Seamounts

(RRS

and KR1S) and associated xenoliths related with the West Antarctic Rift

System(WARS)

O Geochemistry of lavas from Ross Sea and KR1 Seamounts: Role of

1

ithosphere—asthenosphere interaction in the genesis of TSRS and KR1S

O Microstructural investigations on Xenolithes: Implications to mantle

geometry and deformation behaviors

IV. R&D Results

1. Investigation of tectonics in the vicinity of Terror Rift and Victoria

O Crust/mantle velocity structure of the Terror Rift boundary

Early models show very low velocities near the Terror Rift on the
southern coast of the Drygalsky Ice Tongue, up to 100 km deep, while
the northern region, on the contrary, reveals the presence of
low-velocity zone on land below the Mt. Melbourne

Signed MOU of the Transantarctic Mountain Northern Network
(TAMNNET) broadband earthquake observation network for 2014-2016
at the University of Alabama, USA, to extend the model area of the
research area to the land through continuous seismic data sharing
Development of 3D mantle velocity model combining the data observed
on land-based seismic observation network and ocean bottom
seismographs

Strong low-velocity zone spanning 150-300 km in depth beneath the
Terror Rift

Analysis of the depth and shape of the low-velocity zone reveals that
the Terror Rift is a passive rift formed by the spreading of the
continental crust.

Determination of location and magnitude of more than 2,000 earthquake
sources from the continuous seismic data observed in 2016

O Identification of substructure through multi-channel seismic survey
- Two seismic (sparker and multi-channel exploration) surveys during

the 2018-2019 Antarctic summer field season

- 400 L-km seismic data was acquired for nine sparker exploration lines,

and the structure of the Terror Rift in the Victoria Land Basin was
constructed



The acquired data are shown three—-dimensionally along with the
bathymetry using a data analysis software and based on this,
comprehensive  topographical analysis of the distribution and
characteristics of the lift structure in the study area is performed
During the 3rd phase of 2019-2019 Antarctic Summer Exploration, 340
L-km data from three lines were obtained by conducting multi—channel
seismic surveys to investigate the deep retardation structure in the
Northwestern Continental Border of the Ross Sea.

In the Northwestern outer continental border of the Ross Sea, which
lacks the existing exploration data, a long exploration line orthogonal
to the direction estimated as the expansion axis of the West Antarctic
Rift System was collected

Analyzes the tectonics and development characteristics of the northwestern
outer continental boundary by combining with existing exploration data.

O Identifying the evolutionary process of the Neo-tectonic structure of the
West Antarctic Rift System and activity of the new tectonic structure.

Ocean geothermal observations in the Adair Basin (Adair Trough),
attempts at ocean geothermal observations to specify formation ages
and tectonic structures depending on the site of the exploration.

Ocean geothermal: formation age analysis and tectonic prediction through
solidarity analysis.

Simulation of the formation of Adair Basin, the end of the West
Antarctic decay structure through thermomechanical tectonic modeling.

2. Investigation of crustal processes and mantle source characteristics

O Characterization of the formation process and mantle characteristics of
the Pacific-Antarctic spread zone in the east of KR1

Acquired the world’'s first submarine depth data for KR3 and KR4
using multi-beam

Contrary to expectations before conducting the study, the KR3 region
was composed of two largely divided mid-ocean ridges, named KR3
and KR4, respectively

Acquisition of geomagnetic data in the direction passing through the
expansion axis to find the exact position of the KR3 expansion axis
Acquisition of precision bathymetry and geomagnetic data from some
areas of KR1 and KR2

Using the acquired geomagnetic data, comparative analysis of the
expansion rate of KR1 = KR3 and the study of age and development
of the seabed in the area

O Examination of the characteristics of the geodynamics and mantle

The first exploration of the Antarctic mid-ocean ridge KR3 and KR4
through the high-resolution bathymetry and ocean geomagnetic
exploration to determine the location of the KR3 central expansion axis
and calculate the expansion rate

Estimation of the formation time of the seafloor, subsea mountain range
and volcanic body of KR1 area through ocean magnetic exploration
Identify the small tectonic plates located at the southeast end of the
Australian plate with the KR1 and KR2 as the southern boundary of
the plate, the timing of the formation of the Macquarie plate, plate

_’IO_



structural motion, and evolution

- Geochemical analysis of rocks taken from the Antarctic mid-ocean
ridge KR1 and KRZ2 reveals the world's first new mantle zone,
"Zealandia—Antarctic Mantle.”

- The geological composition of KR3 rocks confirmed by KRI1 and
Zealandia—Antarctic mantle through seabed rock extraction and
geochemical analysis from KR3

- KR3 and KR4 have not yet found evidence of hydrothermal vents
despite numerous explorations

3. Investigation on igneous and volcanic rocks from Ross Sea and KR1

Seamounts (RRS and KR1S) and associated xenoliths related with the West

Antarctic Rift System(WARS)

O Construction of Hf isotope separation system.

- Completed Hf isotope analysis and Hf element separation system for
subsea volcanic and captured rocks.

- Development of rock sample Hf element separation protocol using a
two—step column separation method. Hf recovery above 80%, the blank
level below 50 pg.

- Results within 1% of the recommended value were obtained from
standard solution/rock sample analysis using MC-ICP-MS. Complete
Hf isotope analysis system for unknown rock samples.

- Obtained (U-Th) / He, K-Ar ages for ten samples of KRl subsea
volcanic mountain range (KR1 dissolved heat) rocks using inert gas
isotope data for 1-2 years.

- Comprehensive analysis of the isotope analysis, the source mantle
characteristics of KR1 mid-ocean ridge, KR1 dissolution heat, and
Ross sea volcanic rock.

Establish a tectonic model using mantle xenolith

- Calculation of seismic wave characteristics for six samples of mantle
xenolith. Analysis using ANISctf software.

- Show results in the lower hemisphere using Mainprice’s software ANISctf.

- Create a tectonic model for the West Antarctic Rift System.

Geochemical analysis and dating of the Ross Sea undersea volcanic rocks

and subsea volcanic rock formations around the Central Ridge.

- The asthenospheric mantles under the Ross Sea and the
Australia—Antarctic Ocean KRI1 have similarities in their Sr—-Nd-Pb
1sotope characteristics.

- The PREMA (FOZO) isotope characteristic of KR1 indicates that the

old marine rock zone is a major component of the Australian-Antarctic
KR1 mantle cycle.

V. Application Plans of R&D Results

1. Investigation of tectonics in the vicinity of Terror Rift and Victoria

O Move the ocean bottom seismic network to the north to investigate the

expansion and development of rift structures in Victoria Land Basin and

_’I’I_



Northern Basin.

Investigate the relationship between volcanic activity and the West

Antarctic Rift System in the northern Victoria region.

To analyze the physical characteristics of Polar 3 geomagnetic anomaly

by analyzing seismic waveform and multi—-channel seismic survey.

By combining the acquired multi-channel seismic survey data and

existing data of the Antarctic seismic data sharing system (SDLS), the

northern boundary of the Terror Rift is identified through the analysis

of the acoustic bedrock and the deep and shallow tectonic structure.

Research on the volatility, evolution of rift system, development of

Antarctic ice sheet, and changes in the sedimentary environment.

The results of seismic survey data obtained during the second phase of

the study are further reflected in the lattice structure and strata analysis

of the Northwestern outer continental border of the Ross Sea. Conduct

environmental change studies.

Changes in the tectonic and sedimentary structures of the West Antarctic

Rift System.

- Analysis of the relationship between seismic events and changes in the
Antarctic Ice Sheet.

- Investigation of regional distribution and developmental characteristics
of Terror Rift combined with sedimentary stratification results.

- Sedimentary strata and tectonic structure characteristics from seismic
survey data in the Central Basin region.

2. Investigation of crustal processes and mantle source characteristics

©)

@)

Further study of plate-structured movement around Antarctic mid-ocean
ridge through ocean magnetic exploration.

Geochemical studies on the properties and distribution of the Zealandia
—Antarctic mantle and the evolution of the mantle.

Obtain Hf isotope analysis data for 10 Antarctic subsea volcanic rocks
and Antarctica rocks to characterize mantle indigenous mantle.

In the newly discovered Zilandia-Antarctic mantle, there are numerous
seamounts, which are thought to have a significant influence on the
topographical changes and plate-structure evolution of Antarctica. In the
future, we will use geological and geologic exploration, seabed rock
sampling, and geochemical analysis to obtain data on the structure,
origin, and evolution of the mantle.

Because investigation and research to date have been confined to the
central part of the region of the Zealandia—Antarctic mantle, the eastern
and western boundaries of this mantle remain vague, so additional and
systematic exploration i1s planned.

Based on the intrinsic geochemical characteristics of the Zealandia
—Antarctic mantle and the understanding of the plate tectonic evolution
of the mid-ocean ridge, the area and origin of the Zealandia—Antarctic
Mantle were explained and explained by the Indian Ocean Central Rim
and the Pacific Rim. Expect a new understanding of the mantle by
modifying the existing mantle convection model.

Investigate the effects of the Zeaglandia—Antarctic mantle on the
Antarctic and the global environment.

_12_



3. Investigation on igneous and volcanic rocks from Ross Sea and KR1 Seamounts
(RRS and KRI1S) and associated xenoliths related with the West Antarctic Rift
System(WARS)

@)
@)

@)

Volcanic studies on the formation and development of submarine volcanic rocks.
A study on the change of mantle component related to supercontinental
splitting and continental dehiscence.

Chemical analysis and geological significance of trace elements and
1sotopes of mantle xenolith.

Submitting a paper after the structure of the mantle xenolith, crystal
orientation, seismic anisotropy, and tectonic model.
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Sensors

Tilt (3-D), temperature, pressure (depth)

Size (diameter * length)

15 mm * 46 mm

Weight (in air / in water)

9g/12¢g

Battery type

4 years for a sampling interval of 10 min

Memory type

Non-volatile EEPROM

Memory capacity

/ size of one measurement (bytes)

261,564 bytes
/ temperature-pressure 3bytes, tilt 6 bytes

Data resolution

12 bits

Temperature range -1 to 40°C
Temperature resolution 0.032°C
Temperature accuracy £0.1°C

Temperature response time

Time constant (63%) reached in 20 sec

Standard depth/pressure ranges

30, 50, 100, 270, 800, 1500, 2000, 3000 m

Depth/pressure resolution

0.03% of selected range

Depth/pressure accuracy

£0.4% of selected range for 30-270 m
£0.6% of selected range for 800-3000 m

Depth/pressure response time immediate
Tilt resolution 0.2°
Tilt accuracy +3°
Tilt range 360°
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% 34, 53 25 SRR AY

Type Antares 1854

Length 160 mm

Weight 120 g

Chassis Stainless steel

Battery 3 VDC type DL1/3N (soldered)
Maximum pressure 60 MPa

Measuring range -5 to 50°C

Resolution 0.001°C

Accuracy < £0.1°C

Maximum operating time per battery

300,000 samples or 1 year standby

Programmable measure intervals

1 sec till 255 min

Starting time

Immediately or programmable with Date and

Time up to 30 days in advance

Read-out type

Galvanic coupling (without cable)
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F 3.5. OBS AR & A4
Station |  Work Date (UTC) | Time (UTC) Latitude Longitude Depth (m)
0182 | Recovery 2019.01.04. 01:34:00 75° 05.3242'S 163° 39.1187'E 1395
0183 | Recovery 2019.01.11. 06:23:00 75° 11.5912'S 166° 15.8790'E 795
0184 | Recovery 2019.01.03. 05:54:00 75° 31.7880'S 165° 39.5370'E 880
0191 Deploy 2019.01.02. 01:03:00 74° 56.7228'S 165° 21.0343'E 982
0192 Deploy 2019.01.04. 15:18:00 75° 05.2483'S 163° 38.5372'E 896
0193 Deploy 2019.01.12. 16:31:00 75° 11.3635'S 165° 36.2812'E 820
0194 Deploy 2019.01.03. 07:50:00 75° 31.8029'S 165° 43.0986'E 795
0195 Deploy 2019.01.09. 02:58:00 75° 16.6982'S 164° 44.2204'E 862
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Y (m) nerthizouth

moaoring depth
i

maoring depth <750 | .-"nl. 1
860\, . sl ,
: : . 1000 | A
[ 870 4 | . I
o l ¥ 880 5 w0 fwi | B \
200 | _g_. t @1 £ 780+
| £ £ | \ 2
100 | = -880 \ 8 0 ;r‘glaasa ancho .g 790t
| = @ .\ g P | E
i [ <" erelease ang hoE 900 \é 3 | e N a0l
: = ' 500 | /| 4
-100 ¢ N R, > | X
810 | | "2 } A
=200 ¢ \ -810 L\ {
| | ®3 -1000 |
-300 | L 920 -1000 0 1000 .gpf b\
-400 -200 o 200 830 X (m) eastiwest L W |
X (m) eastiwest I -100 L] 100

-100  -50 g 50 100
R {m) horizontal range

anchor release position: 75°S  5.245 163°E 38.571' depth: 885 m

3D meering pesition: 75°5 5,203 163°E 38803

drift: 7 m; direction: 37"

mooring depth: 897 m; slant error, O m

20 mooring position: 75°S  5.202" 163°E 38.897

drift: 88 m; direction: 37"

horizontal error: 1 m

sound speed at site; 1445 m/s

#1 pos: 75°S 5.260' 163'E 37.928 range: 959 m range soundspeed 1500
#2pos: 75°5 56087 163°E 38.837 range: 906 m range soundspeed 1500
#3pos: 75°5 5377 163°E 38.915 range: 844 m range soundspeed 1500
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X (m) eastiwest

1000

R {m} horizontal range

anchor release position: 75°S 11467 166°E 16, ZTD' depth: 808 m

3D mooring position: 75°5 11.541' 168°E 16.386

drift: 140 m: direction: 168°

mooring depth; 788 m; siant error; 3 m

2D mooring position: 75°5 11.536' 166'E 16.366'

drift: 137 m; direction: 1

horizontal eror: 13 m

sound speed at site: 1445 mis

#1 pos, T8°S 11,260 1866°E 17.872 range: 1176 m range soundspeed 1500
#2 pos; 75°5 11.8568' 166°E 17.208' range: 1045 m range soundspeed 1500
#3 pos: 75°5 11,654 166°E 14.801 range: 1093 m range soundspeed 1500
#4 pos; 75°S 11.037" 166"E 15.433' range: 1288 m range soundspesd 1500
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ancher release position; 75°5 31.883' 165°E 38 430" depth: 809 m
2D mooring position: 75°5 31.788' 165°E 39.537"

drift: 148 m; direction: 20°
herizontal error- 4 m

sound speed at site; 1445 m's

#1 pos: 75°S 32209 1865°E 38.525 range: 1318 m range soundspeed 1500
#2pos: 75°5 318610 165°E 41,288 range: 1156 m range soundspeed 1500
#3 pos: 75°S 31.382 165°E 38.B88 range: 11289 m range soundspeed 1500
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anchor release position: 75°S 5,249 163°E 38 53‘9 depth: 396 m
3D mooring position: 75°5  5.202' 163°E 38.492

drift: 90 m: direction: 346°

mooring depth: 888 m; slant emor:

Om
2D mooring pesition: 75°S 5203 163°E 38.494'
drift: 8% m; direction; 348°

horizental error: & m

sound speed at site: 1445 mig

#1 pos: 75°S 5615 163°E 39340 range: 1228 m range soundspeed 1500
#2pos:75°S 5.217° 163°E 36.911'range: 1153 m range soundspeed 1500
#3pos T5°5 488G 163°E 39.445 range: 1144 m range soundspeed 1500

maoaring depth
-850 \ mooring depth
= { el \ 780 \’e
\ #3 !
T . o \
£ 500 R R 1000 790 \\
= - #Z |
& | & -sm0 E . 800 Y
4 o | \
E g %2 ﬂireleasg anghor. 2 50 1 \
v 1 £ -8 = . i *3 W
= / = € N o | 8810 \‘}
E ™ 900 g 1] 'ﬁlease m}mr = \
> 500 2 #1 £ gz \\.
— 1 3 = 50D S )
910 = i s
000 500 @ 500 920 1000 7 840
X (m) eastiwest A -1000 500 0 500 1000
100 50 0 50 100 X {m) east/wast -850
R (m) horizontal range

-100 50 1] 50 100
R (m) herlzontal range

anchor release position: 75°S 11.364° 165°E 36.273"; depth: B20m
3D moering position: 75°5 11.333" 165°E 36.389"

drift: B0 m; direction: 44°

mooring depth: 813 m; slant error: 3 m

2D mooring position: 75°5 11.333" 165°E 36389

drift: 80 m; direction; 44°

horizontal error: S m:

sound speed at site; 1446 m/s

#1 pos: 75°S 11.473 165°E 34.812 range: 1120 m range soundspeed 1500
#2 pos: 78°5 10,802 165°E 35.82¢ range: 1162 m range soundspeed 1500
®3 pos: 75°S 11.199' 165°E 38.087 range: 1157 m range soundspeed 1500
#4 pos: 75°S 11.776' 165°E 36.916 range: 1174 m range soundspeed 1500

33 3.41. OBS AA]

¥ (m) north/south

SREE
(37d¥s 0192)
moaring depth
Y1
720
1
1000 . 7 —
\ # W
£ \ W
2 500 =4 £—740 i
2 /s o !
£ 0 2 750 s
£, E 60 A
S s0f w2 M \
@ 770 i
-1000 ' \
4000 500 O oS00 1000 o0 \
X (m) sastiwest 780 ".:-,I
=100 -50 0 &0 100

R (m) horizontal range

anchor release position: 75°S 31,803 165°E 43.099"; depth: 795 m
30 mooring position: 75°S 31,815 1685°E 43.018'

drift: 43 m: direction: 239"

mooring depth: 752 m; slant errer. 2 m

20 mooring position: 75°5 31.814° 165°E 43.017

drift; 43 my; direction; 241°

horizontal error: 27 m

sound speed at site: 1445 m/s

#1 pos: 75°S 31.382° 165°E 43955 range: 1173 m range soundspeed 1500
#2 pos: 75°5 32077 165°E 44.748 range: 1180 m range soundspeed 1500
#3 pos: 7T5°S 32.230°165°E 41.968 range: 1172 m range soundspeed 1500
#4 pos: 75°5 31.533 165°E 41322 range: 1185 m range soundspeed 1500
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830
1000 . -840
w1 e
\ -850
500 =
& -BBO
of Frejesse anchon -~ ¢
] g E gm0 \
-500 [ \ N \
1 1 &'I .seu \I“‘
@2 | \
1000 L B30 l‘.'.I
4000 500 O 500 1000 \'.\
X (m) eastiwest -900 \\
-100  -50

1] 50 100
R {m) horizontal range

anchor release position: 75°5 16 688" 164°E 44 220" depth; B62Z m
3D mooring position; 75'5 16.674 184°E 44.207

drift: 45 m: direction: 352°

muooring depth: 864 m: slant error: 3

m
2D mooring position: 75°S 16.674" 164°E 44.207"
drift: 46 m; direction: 352"

horizontal error: 3 m

sound speed at site: 1460 m/s
#1 pos: 75°S 17.017 164°E 45957 range: 1348 m range soundspeed 1500
#2pos: 75°5 1?.124: 164°E 42 953 range: 1326 m range soundspeed 1500

#3 pos: 75°5 16.343' 164°E 42.565 range: 1305 m range soundspeed 1500
#4pos: T5'S 16.254" 164°E 45.59% range: 1322 m range soundspeed 1500
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. 297 e 3 g AR(sparker seismic survey)
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B & (band-pass filtering) ¥ A3 3 795 (muting for direct wave)
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3.6, AFHA FURPE
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Aol A= A EE 5000 J& HAAAZL F A+ electrode ELP100a &

< SAAA FAF D(E 37)
Aapsar, sfAH ol A
1 FA7el Als7t 715

Abgslel A7) elUAE o] &3 v s S8
& Fol 2AE Sus #3E A1A siAE ok
ol ofsf nkabs|o} 487)€] sfo|mREO R FAE wdAd
7178 7158k 215 10-800 Hz Abele] F3k tiofg 71y

-

2
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4y o dlo

H 3.7. A0}7 B0} xlgsls 4R

Shot Interval 3.0 sec
Channel Number Single channel / 48 hydrophones
Hydrophone Interval 1m
Electronical power 5000 Jules
Recording Length 2.5 sec
Sample Rate 0.025 ms
Tape Format SEG-Y

sparker Wyoul 80.0 m

-
streames layout 81 m (2] am

a3 3.47. AnpH ST EAMALE Geometry A4

- Tu s EeRE 29 Fi(electrode)?l lead-in AolE2 60 m, F417]
T(FEAE 2E )] Jead-in AolEE 61 mE A, FLH} FA17]99
212 10 mz dAsto] Aed5(2d 347)

0
S ARAZE ML AwES £A4F U A9
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(3) AW A= A2 23} (onboard processing image)

3% 3.48. Ata X" Aoz gAF 54 RS_SP001

3% 3.49. AkaA2e Aoz A 54 RS_SP002

3% 3.50. AteAgd AnA ©&AF 54 RS_SP005

39 3.51. AkaAd Aoz €A 54 RS_SP006
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- A 27] "ol 7} ¥ Central Basin® A4 2 &4 Al7|&= FHe A7) 4
of =Y A% Y 55 F3l thef 61763 Ma Al7|2 FH 5o sk
(Cande et al., 2000; Cande and Stock, 2004; Wilson and Luyendyk, 2009),
A BE wel f535 AR delHel did mdy A, awd ol& A7]<
°F 53743 Ma A]7]¢ll Central Basino] A% Zo= F4E (19 3.84)
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oF 53-43 Ma A7l 44 % £xE Aoz 34

- Central Basin 2#-¢ ®&AF 4 Ao digk #z7] Ho]Ho| A= Central
Basin &9 &4 BolA e dolot vlus] & wf, sjFEAzte] thxAQl 54
A A A7) o) WEH7E Central Basin W-oll A AL #F5A ¢don, o= =
A A7F $121%F Central Basin®] & A2 s|gAzte] obd Aeow FAH.

= 24 A% B Aole] A7 2 SR AAA A Ao AztE
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Central Basin %39 s|%zte] AAHWA do] 52k #A(rife] 4
WA A ol ool Ao FHY

“ A9 A A R 299 AAS P2 FUT X AUT 29 49
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4, AAEAGH=3 2dYdS nlgo 7 3 WARS &

7F. Adare Basin sl A€ ARE o] &3 Az REY
(1) A7el Fa4
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h 64
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o

A Zto| = Adare Trough(Basin)e] &Aool &9 =39] Transantarctic

_84_



Mountain®] AR A = ZIXH  FUE TEAHATE FHE UL

(Fitzgerald, 2002)

Adare Basint= 3 3ste] @&

3. 7 2Ae F AelA
o]

Northern Basing S+ 7z}

o 21+ Northern BasinZ} & A|7]7} sdsto] 8
< Adare Basin> 3|¥A|Zto]l g, a2l

staste] FAE el (Davey et al, 2016). = ©]
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F3slH, Adare Basin® WARS?] % #o] $1x]3le] WARS A4 =& FT=

Aol st 1 Al77E Z1zke] e B A A ¥ 5 WARSE o &fs)

cdl T8 Aoy, I tFFA S h=AY dFA 4 & Azl
o]gt AALE Mol tF 43 (continental breakup)2l 7%
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Adare Trough®] 5% ZAdA FAAE A7IZ2 F4HS A ERT #53
FA Lol 20% 4= =50l FUH

OH 9k=]Z}el proto-Adare Basin®] WE

=
HEA 23} s FA el FAll FGFEANeH, an FFFS

rfo
kT
N

©,
T
)
rO
o
o
f
O
o)
S
S
(@)
H
rlo
o

O
~
fu
N
I
rlr

-, , S
SAS wg) o] 2 FIAL g FS A LG gho] vuduE FAE S gl
(19 3.85.2] Al HAl <), proto-AB2] WE 257} 250CHT @& HAo= &
A Zkar o] wan, s FA e A S A gde] wAlekA] S (1 3.85.9]

(4) A+42Z

Adare Trougholl A FAAAI71HTE oF 20% =& aflgAde] #dS5HJa, ol W
9 252 g d4Y 7t =5

proto—-Adare Basind}4-o] w}s:3k wlE-o] Late Creataceoust-8 =4 atA = L
(Finn et al., 2005), o]= <l&) 3]%=2t2] depth-indegrated strength”} & & <]
S A I S FA Y] A Aol A

proto-Adare Basindh-oll w2l F-¢Hu °of 200CE2 4-¢ol AAl A4
H 25k SAA Al FAZ-w g Az o] Bt oW, 1 9o REXxHgE
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o
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33 3.95. KR3, KRAA AFTH FRY U ARdE A FU4 24 2aE

0] 23t TAS diagram

# 3.9. KR3, KR4 ARG kA o sHitgo] et 24 2 gy d4 24 2

Sample Si02 Tio2 Al203 FeD MnQ MgO Ca0 Na20 K20 P205 H cl 503 Total
KRR4_RC_02 49497 203 16.03 891 016 597 1051 368 103 042 0.07 0.08 0.25 9%11
KRR4_RC_03 5316 0.56 1269 1345 0.25 410 041 359 743 049 0.10 231 031 938.85
KRR4_RC_05 5033 147 1507 9.65 019 176 1193 277 012 013 0.07 001 0.29 99.79
KRR4_RC_06 5038 175 14.66 1090 021 730 1152 279 012 011 0.00 00 034 10010
KRR4_RC_07 50.01 1.53 14.69 1013 020 740 1171 270 o1 012 o1 001 031 9393
KRR4_RC_08 4840 129 1541 9.38 018 837 1216 241 0.08 014 0.05 0o 0.28 99.17
KRR4_RC_09 5049 185 1456 1113 021 6.98 11.14 07 014 019 0.05 002 033 10025
KRR4_RC_10 50.24 131 1513 9.26 019 8.03 1232 243 0.08 0.10 0.06 000 027 10012
KRR4_RC_11 5016 162 14.90 1014 019 T46 11.70 290 0.14 016 0.07 00 0.32 29.77
KRR4_RC_12 4942 153 1575 948 017 7.88 1163 283 019 013 0.04 00 0.27 9933
KRR4_RC_13 49.62 169 1413 1151 021 6.68 10.76 293 0.18 0.22 0.06 001 0.34 9814
KRR4_RC_14 4955 155 14.72 1033 0.20 T46 11.64 285 011 017 0.05 oo 0.29 98.93
KRR4_RC_15 4936 151 1476 1046 019 785 1163 234 0.07 015 0.05 002 0.29 98.69
KRR4_RC_16 49.23 1.05 16.50 £.78 016 9.18 12.04 238 0.05 0.09 0.02 00 026 10014
KRR4_RC_17 50.56 125 16.04 8.98 018 850 1212 262 0.08 o1 003 000 028 10075
KRR4_RC_18 4947 241 1363 1261 023 648 10.28 267 015 021 0.07 00 0.37 98.60
KRR4_RC_19 50.26 164 14.79 1105 020 7.55 11.24 259 011 019 0.04 001 0.32 99.98
KRR4_RC_20 50.50 143 1410 1125 0.20 717 11.26 248 013 0.16 0.05 00 0.33 89.05
KRR4_RC_22 4035 114 1659 8497 016 899 1235 243 004 0.07 0.02 1103 026 10038
KRR4_RC_23 50,07 137 16.18 9.91 020 844 11.76 256 008 011 0.02 001 0.29 10057
KRR4_RC_24 4241 122 16.54 9.22 017 9.01 1212 240 0.06 010 0.00 001 025 10051
KRR4_RC_25 4897 132 16.02 9.24 017 869 171 263 0.07 010 0.08 0.00 0.28 59.28
KRR4_RC_26 4946 136 1551 9.78 020 8.39 11.89 246 0.08 0.09 0.12 0.00 0.28 99.61
KRR4_RC_27 48.09 107 15.09 7.95 015 848 1113 229 0.06 011 0.04 001 0.26 9472
KRR4_RC_28 50.35 in 1418 1127 020 735 11.30 264 0.10 014 0.04 001 033 99.61
KRR4_RC_29 50,60 167 1448 1105 020 132 11.36 262 0.10 016 0.06 og2 0.33 99,97
KRR4_RC_30 5048 167 1449 10.87 0.22 744 11.34 264 010 015 006 0ol 0.32 99.20
KRR4_DG_01 Al 4934 138 1565 9.19 0.18 806 12.18 272 018 014 0.04 0.02 0.26 99.34
KRR4_DG_01_AZ 49.64 133 15.56 9.23 0.18 8.14 1217 275 01s 011 0.01 001 0.26 99.61
KRR4_DG_01_A3 4946 128 15.61 921 018 809 1214 imn 018 014 0.03 0.02 026 9931
KRR4_DG_D1_A4 49,55 134 1564 9.26 017 806 12.23 269 018 014 0.02 001 026 99,57
KRR4_DG_01_AS 4857 129 15.74 9.15 0.7 813 1215 280 018 0.13 0.03 001 0.27 99.64
KRR4_DG_01_A6 4995 132 15.82 913 016 a1 1217 274 019 014 0.08 0.03 027 10011
KRR4_DG_01 B1 4981 131 15.80 9.06 017 843 1201 2.78 018 014 0.04 001 027 10001
KRR4_DG_01 B2 4897 136 16.00 9.18 0.16 787 1218 274 0.20 0.15 0.07 0.02 028  100.26
KRR4_DG_01.C1 4923 120 16.24 9.05 018 8.56 12.29 267 010 009 0.10 001 028 10000
KRR4_DG_01 C2 4918 120 1591 919 018 B48 1234 268 011 011 0.01 0.01 028 99.68
KRR4_DG 01 C3 4887 125 16.01 9.16 017 853 12.25 271 0.10 011 0.08 001 0.28 99.54
KRR4_DG_01 D1 4983 139 15.61 933 0av 166 12.28 285 019 015 n.d. 0.02 029 99.77
KRR4_DG_01 D2 49,65 136 15.84 9.24 017 766 1232 271 018 016 0.12 003 028 9971
KRR4_DG_02_Al 50,10 121 15.62 9.10 0.15 818 1221 275 015 0.10 0.04 0.04 027 99.94
KRR4_DG_02_A2 50.05 124 15.50 9.06 017 821 1221 276 015 009 0.05 0.03 028 99.81
KRR4_DG_02 B 5061 139 15.58 919 016 688 1178 303 023 014 0.08 003 026 99.37
KRR4_DG_02 C 50.25 121 15.68 893 017 7.86 12.30 275 0.16 011 0.04 0.04 0.26 99.76
KRR4_DG_02 D 50.04 119 15.55 883 017 794 12.30 274 016 014 010 .04 0.28 99.52
KRR4 DG 02 E 5048 134 1490 9.52 016 7.50 1187 254 018 014 0.04 002 028 99.37
KRR4_DG_02 F 49.97 121 15.61 8.97 0.16 789 12.30 278 015 011 0.05 0.04 027 9351
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£ 3.10. KR3, KR4 7472 =22 31 shirgdoll ot Sr-Nd-Pb &4 At

Sample FerEgr 20 =430 dnd 2o FEph/seph 20 HTphAph 20 L2phy Aeph 20
KRRA-RCO3 0702480 000005 {.513088 0000007 187810 0000014 155101 0000013 382539 000041
KRRA-RCOT 0702473 C.000005 {0.513105 0000006 18.5188 0000025 153255 0000023 37.5501 GOD00T72
KRRA-RCOT 0702476 0000006 0.513096 0000007 191564 0000016 15.7363 0.000015 39.0843 0.000046
KRR4-RC11 0702561 0000007 0.513082 000007 18.8101 0000012 15.5233 0.600011 38.2867 0.000034

KRR4-RCZ3 0.702455 0000007 0513105 Q000008 15.5895 0.000021 154773 000002 380594 0.000061
KRR4-RCZ4 0702446 Q000005 0.513100 0.000004 185745 0000017 154575 0.000015 380830 0000048
KRR4-RCZ5 0702461 Q000005 0.513004 0000005 18.3674 0.000015 15.5283 0.000014 379950 0000043
KRR4-RCZ& 0702448 0.000006 0.513096 0000006 18,5578 0.000033 154551 000003 38.0094 0.000004

KRR4-RCZT 0702391 0.000007 0513102 0Q.000006 136476 0.000024 154856 0.000023 380729 0.00007
KRR4-RC2E 0702458 0.000006 0513088 0Q.000006 188950 0.000017 154804 0.000018 381034 0.000049
KRR4-RC2Z9 0.702468 0.000007 0513074 0.000007 188233 0.000018 154718 0.000016 383429 0000051
KRR4-RC30 0.702466 0.000005 0513081 0.000008 187221 0.000017 155149 0.000016 382007 0.00005
KRR4-DG1ALl 0702787 0.000006 0.513033 0.000008 15.8680 0.000014 15.5249 0.000013 38.5243 0.00004
KRRA-DGIA2 0702784 0.000004 0513027 0.000007 138866 0.000015 155283 0.000014 385479 0000044
KRR4-DG1A3 0702768 0.000006 0513025 0.000009 188725 0.000015 155267 0.000014 385371 0000043
KRR4-DG1A4 0702785 0.000004 0.513033 0.000006 158718 0.000012 155281 0.000011 38.5344 0.000034
KRR4-DG1AS 0702787 0.000006 0.513030 0.000006 15.8613 0.000013 15.5204 0.000017 38.5160 0.000053
KRR4-DG1AE 0702775 0.000007 0.513035 0.000005 158744 0.000012 15.5347 0.000011 38.5501 0000035
KRR4_DG1B1l 0702782 0.000007 0.513035 0.000005 15.9182 0.000023 15.5667 0.000021 38.6409 0000065
KRR4_DG1B2 0702787 0.000008 0.513029 0.000007 15.8646 0.000019 155129 0.000017 38.0182 0000053
KRRA_DG2A1 0702593 0.000008 0513119 0000008 183072 0.000023 154792 0.000022 37.8630 0.000068
KRRA_DG2AZ 0702593 Q.000007 0513124 0000007 18.3068 0.000016 154772 0.000015 378642 0000047
KRR4_DGZE 0702569 0.000006 0513103 0.000005 184516 0.000021 15.5103 0.00002 38.0286 0000061
KRRA_DG2C 0702604 0.000007 0513109 Q.000007 183226 0.000017 154931 0.000016 37.8929 0000048
KRR4_DGZD 0702601 0.000007 0513151 0.000006 183156 0.000014 154939 0.600013 37.8878 0000041
KRR4_DG2E  0.702553 0.000006 0513120 0000005 183855 0.000026 154120 0.000024 377581 0000076
KRRA_DG2F 0702592 0.000007 0513126 0000007 182919 0.000018 154626 0.000017 37.8338 0000052
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- &4 plumeollA #2138 FF(7A)2 16S rRNA FAA HES o] &3t AZHE
Fota A8 488 A Oceanobacillus $(genus)oll E3E = AlF Ao
= oAAR

- Al ATEds el 8 2AFE(O. locisalsi®t O. gochujangensis)] A ],
A stet, shekE 794 (chemotaxonomy) 5745 Wla-Z48klal, A& =& H
A oA s BEAS A4

- A 54 vuE 98] oF TA AEFS O. locisalsi 1E]lal O.
gochujangensis® AA| FdAA o] 3t draft genomes A3 ZAy zHzF 95
contigs, 60 contigs Z¥ i 89 contigsE 53PS genome?] Zol:=
41-44Mb H%= =AU

- w5 TA9F AEQ O. locisalsi 18|31 O. gochujangensis?te] A 7|4 G ol
g3t ANI (average nucleotide identity) <} in silico DDH (DNA-DNA
hybridization) ®#A13+ A3} 75 7TAE A& At 7159 ANI (<95%)<} DDH

(<T0%)& FFakr 2dFEY PHEE F £59) o8 B

£ 311 % 7A% 2AF 7t 9AA vl

ANI (%) DDH (%)
TA O. locisalsi | O. gochujangensis TA O. locisalsi | O. gochujangensis
TA |- 87.3 79.8 - 50.9 25.7
O. locisalsi |- - 77.5 - - 24.1
0. gochujangensis |- — — — = —

7. 459 FYEE BEER o] Rz g wdAd A

- IF-9S SYNF(AAR)F BB E-F= TSAB(PAR) Atelo] F3tole HA
1078 ol e AL TYa®E FHo FdAE3 o2 hY WEdI(leaky
transform fault) ¥ 214 32k ) (Neo-volcanic zone)Z o] Foiz s <4
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1. @

ARl

OHEE Wy %L%@(Macquarie Triple Junction)ol| A ejsd &F-F=3) =
(Pacific-Antarctic Ridge)®} S 2 E &+ (Hjort trench)® AZETH1H 3.104a).
KRl AlZHME 452 A7 e 722 SsFoAes F4o 2 3=
A(-2,800 m)E e AITIHME FSHE Fste] FAlo] Fobxltt KR1 &4
=9 F4L& KRl 2D (KR1 Seamount Trail)¥ ¥4 84k (Southwestern
seamount province) $1<tollAl 7} ol th(-1,7507-1,850 m; 18 3.104b).
KRI sfiatgd& &dotolEgt &7ty dF¢o s olFolxl dytd & Asitil
Holth, KRI sfat<d2 KR1 #5025 E tha "ojzl 94 KR1 A2
ES e & Wd(ds B eE oF 60 km HolE ey FasiA L
gatdar Ho =eol= 1,600 mell E3eh (1 ® 3.104c). 3709 =HA A3 (DGO3,
DG04, DGO5)ell A & doto] Eet dzbe] dF2 S5 AL s B3R S
d¥ = DGO5 Ao ghEA oAM= oo Her)ols&Edo] gl A
KR1 @4t @F-<dol digt (U-Th)/He Auti574 A¥= DGO3 €z8 G4
(0.571.7 Ma), DG03 £ o}°]E(0.270.3 Ma), DG04 &z d5F<(0.170.2
DGO5 &e] dF(06 Ma)2 v d2 d&& AAgH KR1 sfatd &
ol tisk K-Ar 54 23+ DGO3 &¢Z7 dF(< 1.4 Ma), DGO3 %4
olo] E(< 0.4 Ma), DG04 ¢z dF4(< 05 Ma), DGO5 ¢z dF9H(< 1.3
Ma), DGO5 & ole]E(< 1.6 Ma)®Z (U-Th)/He Ad] Kt} Qed d&o] e
R E 3104c, #F 312). oldF AW EAAE ATt A= =Y W
=9 He-Ar A&l 7]dt= Ao= FHHH

—

|

o o

ol o
ol

—~

KR1 34t &7te] 592 TAS(Total alkalis vs silica) Z8 oA dFd-2Hd
Fel-vpAgol E oo mAH L Zyoto] E= HdZe A dFek dool =AH
UH(29 3.105a, 3 3.13). YAMSEES vFdadlstagol s ozde] d5d2
LILE(Rb, Ba, Sr)¢} HFSE(Th, U, Nb, Ta, Zr, T)7} F3t¥ S Hola 3l

Nb-Ta F(+)e] o]xe} Pb &(-)9] o] MAE Hol= 53 5AHS 7t} of

of Hig] ZdlofolEx YAMERTS v FdaHstado A LILE-HFSE +-3}9

A7} 1) ké}ﬂl Uebd o1 3.105b). KR1 a4t %‘%FA 5ol x| a}ety
A

b 8l 5otal(3E 3.14.), 0] #S KRI1-KR2 s&(Z3=)
ARt W Fa A% Arae] SeRLvsh mwstgch KRI 4
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g 22 A s AT 5
- AT TR HE AR 4T85
ujiel7] glstel 20159 SuE W =

—

A

flo

OQ
fols
—*N
LY

e s s

3 o A shaket =2l A(75749°5/165°42°;

|

=
5 A
2

Drygalski Ice Tongue €1+ 31<d; 29 3.104a) A =(31# 3pxkeh) 78] o3k A
¢k Sr-Nd-Pb 5194 4 AAaAt. 228 siAgade ¥Sr/fsr g
~0.7029, Nd/™Nd 7t F& 0512917051297% Yepdtt =28 s A skt
o] 2pp/Mph k2 18.12719.26, *Pb/PPb < F= 155171555,

P T *
\i= 13 Ma} m =

alialy basalis

k1.2 Ma

= 0.5 Ma)
alkali basalis.
. - //adlreat-on toarnd [ i ; et .5-17 M
sz00s [, oo the Balleny holspe! pmvlﬂﬂ‘:”.___ = 1L F (< 1.4 Ma)

! — mbeummn 2 e o -
T 20km | -l000 -2ed [} Lk
\ L:.\..\.l : 3 ‘ \ , A \ = = 0 |
156°E 157E 158°E 159°E 160°E 161°E

a3 3.104. 55-F=2513(Australian-Antarctic Ridge; AAR) KR1 A|ZZHE, KR1 sfAFE(KR1 Seamount Trail). (a) &
23350, KR1 Al2HE, 28] =217 x|, (b) KR1 A|2HE S3FEAX| Pt KR1 sj4E(KR1 Seamount Trail), &
A 3flAF(Southwestern seamount province); KR1 tj9A Q] x}7]o]Ardt(magnetic anomaly age; Choi et al., 2017);
=0] 1,000 m o]%9] oAk shatm2 ;A|, (c) KR1 siitdel S&&A XE, E3X] d7Y9 (U-Th)/He AL}
K-Ar(ZA2M) Affj. <oFo]: SEIR(Southeast Indian Ridge, E=91%=53); AAD(Australian-Antarctic discordance);
PAR(Pacific-Antarctic Ridge, EfEH Y$-F=51H)

A (U-Th)/He Aot K-Ar Adh

Ol

# 3.12. KR1 3Atd =21x] 2t Algo] of

r

U Th “He' (U-ThyHe age K Rad, YAL® %ar K-Arage OF

Sample Rock type fraction
ppm  ppm 107em’STP/g Ma wit.% 107em’STP/g Ma %

DGO3-1 0.60 29 694 + 7.2 045 + 050 0.822 + 0.001 4488 + 49 0.74 + 008 141 + 0.15 829
DGO3-3 1.40 4.8 534 + 54 1.74 + 018 0.581 + 0.001 9338 + 97 148 + 015 414 + 043 825
DGO3-5 g 2.90 10.0 747 + 75 1.17 + 0.12 1.718 + 0.00] 21417 + 38 170 &+ 018 321 + 033 70.2
DGO4-1 n]kul.mu 1.50 5.2 297 & 34 009 + 001 0963 & 0029 3035 + 64 1230 + 1.24 081 + 017 99.2
DGO4-2 Baasit 1.27 4.6 280 %= 3.7 010 + 0.01 0,979 &+ 0029 2213 &+ 140 3788 & 380 058 = 037 99.8
DGO4-3 0.98 is 534 + 58 024 + 003 0971 + 0.024 169.0 + 7.7 17229 %+ 1.74 045 + 020 99.7
DGOSA 0.76 33 16 + 12 062 + 0.07 0706 + 0.00] 3576 + 38 092 + 010 130 + 0,14 88.4
DGO3-2 0.30 0.9 173 + 2.2 028 + 0.04 0.241 & 0.005 84 + 0.7 .13 & 012 041 = 007 98.9
DGO3-4  tholemte  0.30 0.9 10.5 1.5 017 + 0.02 0.315 & 0.001 1236 + 14 055 + 006 Lol + 0.2 929
DGOS-1 013 05 - . . - 0216 + 0.001 1325 + 15 070 + 008 158 + 018 94.0

[ neertanties for the gas concentrations are given as la. The U, Th and K concentration values of the KR1 ST basalts are taken from Y1 er al. t‘ﬂl‘)l
" Measured *He is assumed as radiogenic 'He.
Radiogenic- He concentration of the DGOS5-1 can not be estimated due to a presence of mantle-He.

2y . . 40 . 36 3 4 36
) Radiogenic ""Ar concentration was calculated as *Ar = [(""Ar/°Ar) e — 296] x [Ar), where (Ar**Ar),, - 296.
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A7) B/ 7IAl 2R AlA"l(modified-VG5400, MS-1V: A& F7ddist)

# 3.13. KRI afi4td AR (L] AR, &eotolE)%t DGOS Al ®stols2RA@EHIgR, HEgdE A5, 29y, /=

ohst Mt Klster BA At

Sample DG05A  DG04-1 DG04-2 DG04-3 DG04-4 DGO3-1 DGO3-3 DGO3-5 DGO5-1B DGO5-1C DG03-2 DG03-4 DGO05I  DGO5I DGOSR DGOSS DGO5SW  DGO5SX DGO50
Rock type alkcaline basalt tholeiite granitoids gabbroic trachyte rthyolite
crystallized glassy* crystallized crystallized glass* cr | glass*  crystallized diorite

Major elements (wt.%)

SiO; 46.48 50.03 49.76 503 46.95 4451 4264 4441 5166 5156 5217 5152 48.82 48.58 66.01 7499 6812 7307 5335 6034 7498
ALO; 14.46 17.66 17.86 1817 1554 1317 1111 1530 1473 146 1525 1458 15.87 16.12 15.96 1415 1760 1497 1712 19.03 14.57
FeO” H:5 833 831 833 1068 11.08 1289 1298 84 1027 771 1026 923 8.98 405 147 236 175 8.08 091 093
Na,O 319 413 4.16 3.37 2.89 264 281 461 2.58 279 2,68 281 297 3.00 436 422 5.61 345 170 177 295
MgO 933 6.07 6.07 6.16 577 1014 1150 399 7.08 7.20 7.09 7.28 8.17 7.67 150 039 0.67 0.50 6.48 058 0.16
P20s 0.34 051 0.59 0.58 0.34 033 053 091 0.06 na. 0.09 na. 016 0.18 015 0.06 0.12 0.07 0.06 0.02 0.01
K50 0.85 116 118 117 0.84 0499 0.70 207 0.26 019 0.26 019 0.29 0.38 401 418 204 401 0.64 8.22 4.56
Ca0 9.12 938 9.30 943 1139 1072 9.90 832 1233 1216 1271 1211 1119 11.24 241 0.83 290 201 12.00 3.65 129
TiO, 231 216 2.15 217 2.56 273 372 345 1.09 138 1.00 142 162 161 0.76 0.26 0.39 0.27 0.46 021 0.10
MnO 0.18 0.20 0.03 0.04 031 016 017 021 017 na. 018 018 017 0.17 012 0.06 0.07 0.05 016 0.08 0.03
LO1 0.59 na. na. n.a. 0.35 038 122 045 0.63 na. 0.29 n.a. -047 0.03 1.04 0.82 0.56 0.63 0.28 611 1.90
Total 99.05 99.65 99.42 99.74 9848  96.86 98.6 9815 993 10017 99.99 100.38 99.04 98.96 100.82 10158 10070 100.96 10122 10100 10157
Trace elements (ppm)

Cr 318 209 219 125 189 347 558 7 136 134 283 314 10 5 2 2 64 2 1
Co 51 101 66 58 57 64 74 57 41 60 63 81 36 51 62 78 74 25 5%
Ni 212 155 164 104 125 213 290 24 54 51 113 113 8 3 2 1 74 1
Cu 55 41 35 26 84 76 62 43 46 41 51 48 34 4 2 1 66 2 8
In 107 81 78 54 134 96 142 190 76 89 84 97 103 51 80 60 75 58 58
Rb 16 27 22 18 16 20 6 53 6 5 4 5 165 319 50 137 24 337 203
Sr 480 485 450 325 506 480 715 1070 148 149 218 233 359 224 715 427 120 106 171
Y 205 277 240 19.0 235 19.7 243 387 231 233 251 266 210 78 6.7 123 171 251 06
Zr 162 238 215 156 196 103 293 538 80 62 3 125 51 84 11 135 69 151 60
Nb 399 619 559 40.7 426 171 730 1275 81 58 72 128 128 323 58 91 38 188 112
Cs 03 03 02 0.2 0.2 03 0.4 06 0.2 01 01 01 5.8 184 0.6 37 07 143 42
Ba 237 277 270 195 248 232 374 536 43 38 57 60 500 291 749 1064 141 1550 508
La 233 347 315 24.4 227 207 41.0 78.2 £ 39 77 9.0 308 302 343 26.7 87 59.2 176
Ce 47 65 60 46 50 43 82 151 9 9 18 20 68 59 63 49 19 113 33
Pr 5.8 83 75 5.9 6.0 5.4 105 177 15 14 27 28 8.0 6.5 74 54 23 121 4.0
Nd 239 320 286 218 252 237 430 70.8 75 15 1257 140 299 204 258 187 9.9 40.3 142
Sm 5.0 65 58 4.6 5.6 51 85 13.0 25 23 35 37 5.6 3.0 39 30 23 6.5 27
Eu 176 218 1.99 1.50 190 180 270 410 110 110 140 140 098 0.51 092 0.96 072 1.02 0.74
Gd 53 70 6.3 4.8 6.1 5.4 8.0 122 37 34 43 46 51 24 30 29 28 6.1 15
Tb 0.72 092 0.83 063 0.80 070 1.00 140 0.62 0.60 0.70 0.70 0.65 0.25 0.30 036 044 073 0.09
Dy 4.00 5.52 4.94 378 450 410 5.20 8.00 4.03 370 440 4.80 382 125 136 201 2.90 417 019
Ho 0.72 1.09 0.98 076 0.80 070 0.90 140 0.86 0.80 0.90 0.90 0.66 0.16 0.16 032 0.53 079 0.00
Er 2.02 307 274 211 220 200 240 370 246 240 270 2.80 208 0.66 054 102 183 253 0.03
Tm 0.28 042 0.39 028 030 030 030 050 037 030 040 0.40 031 011 0.07 014 0.26 039 0.00
Yb 175 264 244 184 180 160 170 290 242 2.20 240 2.60 1.98 0.71 046 0.88 178 271 0.00
Lu 0.27 040 0.37 028 030 0.20 020 040 037 030 040 0.40 0.30 012 0.08 014 0.28 043 0.01
Hf 39 6.4 58 43 44 2.8 6.6 109 23 18 23 37 28 36 M 46 23 54 37
Ta 27 41 36 25 30 12 4.1 104 0.5 04 0.2 10 09 26 04 0.8 02 15 0.7
Pb 17 29 20 16 54 151 20 41 05 0.5 08 08 54.7 191 186 311 39 220 309
Th 33 52 46 35 29 29 4.8 10.0 05 0.5 0.9 09 26.6 228 5.8 8.7 24 26.9 9.4
U 0.76 150 1.27 098 070 0.60 140 290 013 0.20 0.30 0.30 513 13.20 0.38 181 0.60 3.05 330

Note: Major clements of glasses (asterisked samples) were determined using FE-EPMA: n.a. (not analysed).
The FeO" concentration (XRF data) of cach sample except for that of glasses was recaleulated from the Fe;0;” contents,

AFEAE]: XA @32 A 7](PANanalytical Axios Max: =ZX|H14), S=7A%E Zet=ot ASFEA7|(ICAP Q, Thermo
Scientific, ZA|A74), AAWAL HAU|H(EOL JXA-8530F; 2x]&74)
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KR Scamount Traif]
| @ Alkaline basalt |
® Thole

Na,O+K .0
o

Sample/Primitive Mantle

4 )
3 ]
s : e KRI ST
| i i __
45 50 55 (1] 2 L I Lt | L L
" Cs_Ba_ U Ta Ce Nd Zr Sm Gd Dy Y Tm L
5i0, Rb Th Nb Ls Pb S M Eu T Ho Er Wb
a2 3.105. KR1 sjArd 2k, w@hHyd X|d(Balleny province; E=3f) d5d, =& 3tAKHRurutu young volcanoes:
GEEY) A7 J2 vlul: (a) TAS(Total alkalis vs silica)1g, (b) YAIWERFS} U]FHdLHS 1 ey x| AL
oF MEB(Lanyon, 1994), %5 SHiF o1 2oF 4B (Chauvel et al., 1997), YAJMEAE(McDonough and Sun, 1995)
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# 3.14. KR1 it A8edo] Oigh At Sr-Nd-Pb L4 24 2
Sample ROCk type 8781'/8651‘ 20 143Nd/144Nd 26 ZOGPb/204Pb 26 207Pb/104pb 20 ZOSPb/ZO-’IPb 26
DGO03-1 0.703257 0.000005 0.512903 0.000005 19.5162 0.0013 15.6045 0.0011 39.3785 0.0035
DGO03-3 0.703090 0.000006 0.512915 0.000004 19.7880 0.0015 15.6292 0.0013 39.3388 0.0043
DGO03-5 0.703108 0.000006 0.512846 0.000005 19.9104 0.0008 15.6378 0.0008 39.4534 0.0024
DGO04-1 alkaline 0.703017 0.000005 0.512958 0.000004 19.5236 0.0009 15.6033 0.0008 39.1849 0.0025
DG04-2 basalt 0.703021 0.000005 0.512939 0.000008 19.5166 0.0008 15.5928 0.0007 39.1646 0.0024
DG04-3 0.703004 0.000005 0.512947 0.000004 19.5275 0.0017 15.6038 0.0015 39.1935 0.0047
DG04-4 0.703252 0.000005 0.512856 0.000005 - - - - - -
DGOSA 0.703035 0.000006 0.512932 0.000008 19.7400 0.0009 15.6121 0.0008 39.4785 0.0025
DGO03-2 0.702854 0.000006 0.512980 0.000006 18.9289 0.0015 15.5309 0.0014 38.5920 0.0044
DGO03-4 tholeiite 0.702856 0.000006 0.513017 0.000006 18.8888 0.0012 15.5363 0.0011 38.5644 0.0034
DGO05-1 0.702760 0.000006 0.513033 0.000006 18.9059 0.0020 15.4203 0.0018 38.4661 0.0058

EAGE]: ol 3t AFEA7](TRITON, Thermo Scientific, XA 4)
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a9 3.107. KR1 siAtE 129, KR1-KR2 &=

& 3.15. KR1 4te @590 ojst A9} |24 99 A(He-Ne-Ar-Kr-Xe) 24 A}

129K on-axis MORB: Park et al., 2019), 2435} 34t Pb =Q]UAH| v

sample Rock type ‘He/*He (x 10%)  ‘He/*He (R/R.) ONe /P Ne 2INe/*’Ne Bar/*ar “Oar/*°Ar Bikr/Bxe
DG04-1 0.927 =+ 0.122 0.67 = 0.09 9.900 =+ 0.008 0.02943 = 0.00025 0.18846 = 0.00055 298.47 0.46 25.84 = 3.71
DG04-3 Alkaline 0.501 =+ 0.065 0.36 = 0.05 9.920 =+ 0.009 0.02949 = 0.00010 0.18752 = 0.00072 296.98 0.43 25.98 = 3.72
DG03-1 basalt 0.129 =+ 0.035 0.09 = 0.03 9.909 = 0.095 0.02941 =+ 0.00542 0.18827 = 0.00075 357.00 1.24 3.12 = 0.45
DGOSA 0.226 =+ 0.026 0.16 = 0.02 9.920 =+ 0.047 0.02981 =+ 0.00155 0.18780 = 0.00069 334.75 0.73 7.29% .1.06
DG03-4 — 3.165 =+ 0.370 2.28 =+ 0.27 9.998 =+ 0.016 0.02972 =+ 0.00025 0.18851 =+ 0.00070 318.63 0.74 20.28 = 3.76
DG05-1B 10.617 =+ 0.179 7.64 =+ 0.13 9.967 =+ 0.017 0.02959 =+ 0.00026 0.18790 = 0.00053 315.01 =+ 0.68 18.50 = 3.30

Ra 22 TH7| = *He/'He (= 1.39 x 10°)5 LtEtY

A7) B2V IAl AR A" (modified-VG5400, MS-1V: @& F7ddieta)
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33 3.108. KR1 afi4tg #fetoA &Eg *He/'He, “Ar/*Ar, ®Ne/?Ne S| U4 H]

# 3.16. KR1 34t DGO5 dEAloflA 5€ U5 7|4 sPdd(Ystols=d) AL K-Ar o &4 2

10 36 . .
Sample K (Wt %) + Sarpple Ra;i ;Ar » Ar . N K-Ar age ztu fraction
weight (2)  (10™ em’/g) (107" cm’/g) (Ma) (%)
DGO50, rhyolite 3.796 0.076 0.00345 4663.38 17.18 283.21 2.48 2916 35 15.2
DGO5X, trachyte 7.362  0.147 0.00343 4497.60  51.04 212.89 7.94 1509 3.3 12.3
AFSARE]: WEA 7| A2FEM 7](VF5400, static vacuum mass spectrometer; H27] & npstr]| P 1e), YRS AET

(Unicam 989, gr=7]xustx|AA1)
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# 3.17. KR1 2t DGO5 dEA|olA 5d U5 719 sPdd(Rstolsa2) Aojd U-Pb At 24 At

It

Spot U Th “Ph ‘_Th/U 233U/L E zO?PH* = WippE = e err  epp BE 207pp 06T M7pp 3
(ppm)  (ppm) (ppm) 206pp % /2%%ppy* /3y /338y Corr page = 20 Age = 20 Age = 20
(Ma) (Ma) (Ma)

DGO5W (Gabbroic diorite)

01 195 94 13.1 0.49 18.76 0.19 0.054 0.002 0.39 0.01 0.053 0.001 0.19 335 9.2 366 38 336 8.8
02 114 42 6.2 0.37 18.75 0.21 0.056 0.002 0.41 0.02 0.053 0.001 0.07 335 13.0 422 42 345 12.0
04 292 163 23.3 0.56 18.49 0.25 0.054 0.002 0.40 0.01 0.054 0.001 0.09 340 4.8 384 14 339 9.6
05 101 38 6.3 0.38 18.47 0.27 0.056 0.002 0.42 0.02 0.054 0.001 0.22 340 14.0 444 63 353 11.0
07 584 465 68.0 0.80 18.73 0.19 0.055 0.001 0.40 0.01 0.053 ©0.001 0.72 335 5.0 406 28 341 6.9
08 746 624 92.3 0.81 18.81 0.12 0.053 0.000 0.39 0.00 0.053 0.000 0.75 334 3.0 345 7 333 2.6
09 657 484 73.2 0.74 18.45 0.37 0.057 0.001 0.42 0.01 0.054 0.001 0.94 341 11.0 468 i3 355 4.5
12 385 227 35.0 0.59 18.59 0.20 0.054 0.001 0.40 0.01 0.054 ©0.001 0.57 338 5.3 374 14 339 4.3
13 176 71 11.3 0.41 18.83 0.24 0.054 0.002 0.39 0.01 0.053 0.001 0.02 334 14.0 342 60 335 8.4
14 90 28 4.1 0.30 18.82 0.23 0.053 0.001 0.38 0.01 0.053 0.001 0.37 334 11.0 326 32 328 7.9
15 161 63 11.0 0.40 18.48 0.16 0.056 0.001 0.41 0.01 0.054 0.000 0.07 340 7.1 422 26 348 5.7
DGOSR (Granodiorite)

01 418 320 15.4 0.79 ©2.97 1.23 0.061 0.004 0.13 0.01 0.0l ©0.000 0.66 102 8.4 G&O 150 128 8.0
03 394 403 20.8 0.93 66.01 1.22 0.067 0.006 0.14 0.02 0.015 0.000 0.78 97 13.0 830 170 133 13.0
06 131 100 4.6 0.77 64.06 0.62 0.048 0.001 0.10 0.00 0.016 ©0.000 0.17 100 1.5 190 37 98 2.9
o7 382 339 14.4 0.85 63.94 0.82 0.048 0.002 0.10 0.00 0.016 0©0.000 0.08 100 1.6 172 44 100 3.2
08 247 62 3.3 0.26 65.10 0.42 0.058 0.002 0.12 0.01 0.015 0.000 0.32 98 4.0 532 61 i b 4.9
10 158 109 51 0.68 63.25 1.24 0.047 0.003 0.10 0.01 0.0l 0.000 -0.04 101 4.8 165 66 97 51
11 513 41 6.6 0.08 60.42 1.72 0.077 0.003 0.18 0.01 0.017 ©0.000 0.73 106 24.0 1185 55 164 7.3
12 422 504 19.8 1.18 62.93 0.87 0.052 0.003 0.11 0.01 0.0l ©0.000 0.50 102 2.5 321 89 108 5.5
13 435 716 27.7 1.63 63.29 0.88 0.051 0.003 0.11 0.01 0.016 0.000 0.90 101 1.9 241 99 107 7.1
14 229 289 14.0 1.23 59.07 0.63 0.075 0.003 0.17 0.01 0.017 0.000 0.12 108 4.2 1073 62 163 5.5
15 688 850 35.4 1.15 B3.82 0.57 0.047 0.001 0.10 0.00 0.016 0.000 0.33 100 2.5 90 21 99 1.8
16 419 330 13.8 0.77 ©2.27 1.20 0.063 0.005 0.14 0.01 0.0l 0.000 0.67 103 4.6 790 170 133 12.0
17 208 40 1.9 0.19 64.35 0.54 0.047 0.002 0.10 0.00 0.0l 0.000 -0.30 99 4.9 163 41 99 3.6
18 702 926 36.9 1.30 ©4.27 0.66 0.049 0.001 ©.10 0.00 0.016 ©0.000 0.94 100 1.2 138 30 100 1.7
19 397 323 13.4 0.81 63.53 0.89 0.053 0.002 0.12 0.01 0.0l ©0.000 0.74 101 2.4 360 89 112 6.2
20 665 704 30.0 1.08 63.69 0.77 0.048 0.001 0.10 0.00 0.01s ©0.000 0.65 100 1.2 105 16 100 2.4
21 631 892 38.2 1.42 63.49 0.44 0.052 0.001 0.11 0.00 0.016 ©0.000 0.53 101 1.3 316 22 110 2.2
22 1263 2170 B4.8 1.72 62.93 1.78 0.049 0.002 0.11 0.00 0.0l ©0.000 0.95 102 2.0 160 28 105 4.1
23 399 94 6.0 0.23 59.38 0.81 0.052 0.004 0.12 0.01 0.017 0.000 0.19 108 11.0 240 110 114 6.4
25 344 442 19.2 1.22 62.27 0.78 0.059 0.002 0.13 0.00 0.0 0.000 -0.46 103 2.9 580 55 126 3.4
DGOSH (Granite)

01 175 56 3.2 0.32 20.42 0.16 0.060 0.002 0.41 0.01 0.049 0.000 0.23 308 16.0 584 52 347 9.2
02 158 82 11.2 0.52 21.28 0.21 0.053 0.001 0.34 0.01 0.047 0.000 0.52 296 5.0 326 22 299 5.9
Q3 239 116 15.2 0.49 21.06 0.11 0.053 0.001 0.35 0.01 0.047 0.000 0.05 299 4.3 349 28 305 6.6
04 181 108 15.9 0.60 21.08 0.16 0.053 0.001 0.34 0.00 0.047 0.000 0.11 299 3.7 309 21 298 2.9
05 136 74 11.0 0.53 20.99 0.19 0.052 0.001 0.34 0.01 0.048 0.000 0.30 300 4.4 301 25 300 5.
07 117 37 55 0.32 21.47 0.23 0.053 0.001 0.34 0.01 0.047 0.000 0.36 294 9.5 325 28 296 6.0
09 214 96 L&) 0.45 20.86 0.21 0.052 0.001 0.35 0.01 0©.048 0.000 0.38 302 6.6 289 21 302 3.7
10 153 69 10.1 0.47 21.17 0.18 0.053 0.001 0.34 0.01 0.047 0.000 0.39 298 3.9 306 24 297 4.5
11 410 192 23.1 0.47 21.89 0.41 0.053 0.001 0.34 0.01 0.046 ©0.001 0.54 288 6.1 336 56 294 6.3
12 210 117 16.8 0.56 21.35 0.15 0.053 0.001 0.34 0.01 0.047 0.000 0.27 295 3.6 325 35 296 5.9
13 99 35 5.3 0.36 21.01 0.27 0.054 0.002 0.35 0.01 0.048 0.001 0.41 300 15.0: 339 42 304 8.5
15 142 88 13.2 0.62 21.00 0.23 0.054 0.003 0.35 0.02 0.048 0.001 -0.21 300 5.0 346 65 302 11.0
16 240 141 19.7 0.58 21.06 0.19 0.053 0.001 0.34 0.00 0.047 0.000 0.45 299 4.8 303 16 300 3.7
17 232 126 17.4 0.54 21.16 0.16 0.053 0.001 0.35 0.00 0.047 0.000 0.28 298 3.6 319 15 301 3.2
18 357 191 23.9 0.54 20.97 0.26 0.052 0.001 0.35 0.01 0.048 0.001 0.9%0 300 4.2 286 26 301 F
22 160 96 14.4 0.59 21.04 0.41 0.053 0.001 0.34 0.01 0.048 0.001 0.74 299 7.4 308 44 300 9.4
24 69 39 5.9 0.57 20.93 0.39 0.053 0.002 0.34 0.01 0.048 0.001 0.35 301 13.0: 312 34 300 6.0
26 338 102 16.6 0.30 21.07 0.21 0.054 0.001 0.36 0.01 0.047 0.000 0.81 299 7.2 377 23 309 5.8
27 138 48 7.2 0.34 20.67 0.25 0.057 0.001 0.38 0.01 0.048 0.001 0.62 305 12.0 511 33 330 9.2
29 106 67 9.6 0.61 21.09 0.19 0.052 0.001 0.34 0.01 0.047 0.000 0.35 299 6.0 303 25 297 5.9
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E 3.17. (A%)

Spot U Th Pb Th/U 8, = Wippx = EL L L —— err Doy B W07y F0eny T I07, 0
Cppm)  (ppm) (ppm) 206pp /2%%pp# /25U /2y COrr Age + 20 Age = 20 Age = 20
(Ma) (Ma) (Ma)
DGOST (Granite)
01 388 272 28.4 0.70 28.53 0.11 0.051 0.001 0.25 0.00 0.035 0.000 0.28 222 1.8 248 27 225 3.2
02 896 753 77.6 0.84 28.28 0.17 0.051 0.000 0.25 0.00 0.035 0.000 0.46 224 1.5 209 1 223 2.3
03 574 472 49.1 0.82 28.47 0.20 0.051 0.000 0.25 0.00 0.035 0.000 0.72 223 1.8 224 11 224 2.7
04 407 321 34.6 0.79 28.27 0.23 0.051 0.001 0.25 0.00 0.035 0.000 0.350 224 2.3 236 17 226 2.2
05 488 281 30.6 0.58 28.62 0.39 0.051 0.001 0.25 0.00 0.035 0.000 0.65 221 2.0 219 15 223 2.9
06 336 330 34.5 0.98 28.45 0.17 0.052 0.001 0.25 0.00 0.035 0.000 0.31 223 1.8 294 18 230 2.5
08 772 710 69.8 0.92 27.89 0.16 0.051 0.000 0.25 0.00 0.036 0.000 0.58 227 1.4 235 9 227 2.1
10 818 721 75.0 0.88 28.56 0.24 0.053 0.000 0.25 0.00 0.035 0.000 0.75 222 2.4 307 8 229 2.2
11 851 1210 117.6 1.42 28.41 0.16 0.051 0.000 0.24 0.00 0.035 0.000 0.49 223 1.7 224 12 222 2.1
13 321 245 26.0 0.76 28.46 0.21 0.050 0.001 0.24 0.00 0.035 0.000 0.60 223 2.1 207 15 222 2.4
15 398 271 28.2 0.68 28.46 0.39 0.050 0.001 0.24 0.00 0.035 0.000 0.76 223 4.1 201 11 221 3.3
16 798 733 77.8 0.92 28.40 0.23 0.058 0.001 0.28 0.01 0.035 0.000 0.76 223 2.9 538 18 249 4.1
17 690 629 67.6 0.92 27.89 0.23 0.055 0.001 0.27 0.00 0.036 0.000 0.74 227 1.8 393 12 244 o
18 983 753 70.8 0.72 28.22 0.33 0.056 0.000 0.27 0.00 0.035 0.000 0.68 225 3.7 454 12 241 2.3
19 337 285 31.0 0.84 28.24 0.69 0.054 0.001 0.26 0.01 0.035 0.001 0.72 224 11.0 385 34 235 4.4
20 520 348 34.6 0.68 28.26 0.24 0.050 0.001 0.24 0.00 0.035 0.000 0.92 224 1.7 214 12 220 2.3
21 688 522 50.7 0.77 28.32 0.23 0.051 0.001 0.24 0.00 0.035 0.000 0.41 224 2.4 225 12 220 2.6
22 650 751 77.0 1.13 28.43 0.27 0.051 0.000 0.25 0.00 0.035 0.000 0.83 223 2.4 214 11 223 2.6
23 1502 2300 220.9 1.56 28.59 0.15 0.050 0.000 0.24 0.00 0.035 0.000 0.53 222 1.2 203 7 218 1.5

Errors are 2-sigma; Pb’ indicates the radiogenic portion.

AFA]: Ho| /At ThEAE7] S A Zetxol AZEA7[(NWR193UC, ESI: Nu Plasma II, Nu Instruments: $H=27]
Z A AATY)
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B 3.18. 33 245 s|dahiiel S2IA| AlR9 MY Sr-Nd-Pb S9U4 24 Au}

Sample ROCK Tsr/®sr 20 Nd/¥Nd 20 p,/%%pp 20 D7ph/ %% 20 5, /0% 20
type

DR1-B 0.702908 0.000007  0.512965 0.000014  18.7673 0.2171 15.1977 0.1972  37.3700 0.6180
DR1-C _0.702881 0.000005  0.512959 0.000006  18.1201 0.0044 15.5566 0.0042  37.8984 0.0129
DR1-D V°Joccak”;C 0.702888 0.000006  0.512956 0.000013  19.2636 0.0163 15.5129 0.0146  38.6371 0.0460
DR1-E 0.702893 0.000008  0.512957 0.000009  18.7217 0.0153 15.5119 0.0147  38.2167 0.0455
DR1-G 0.702899 0.000005  0.512910 0.000022  18.6563 0.0927 15.4229 0.0857  37.8955 0.2664
DR2-A  volcanic 0.702899 0.000007  0.512967 0.000024  18.9108 0.1429 15.3158 0.1297  37.7342 0.4067
DR2-C rocks  0,702903 0.000006  0.512961 0.000013  18.5418 0.0391 15.5195 0.0366  38.1038 0.1133
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Step Acid

Column I: 2 ml AG S0W-X8 (200-400 mesh)

Preparation 12 ml 6M HCl

5 ml MQ H,O

12 ml 2M HF

24 ml 6M HC1

5 ml MQ H,O
Condition 2ml IM HC1-0.1IM HF
Load sample, collect HFSE (Hf) 2ml IM HCI1-0.1M HF
Collect HFSE (Hf) 0.5 ml IM HCI - 0.1M HF
Collect HFSE (Hf) 2ml IM HCI-0.IM HF

Column II: 2 ml Ln-Spec resin (100-150 mm)

Preparation 12 ml 6M HC1
12 ml 2M HF
12 ml 6M HC1
12 ml 2M HF
2 ml MQ H,O

Condition 0.2 ml 0.56M HNO; - 0.3M HF - 4% H,0,
2 x 2 ml 3M HNO; - 1% H,0,

Load HFSE cut from column I 2 ml 3M HNO; - 1% H,0,

Elute Ti 6 x 2 ml 3M HNO; - 1% H,0,

Wash off H202 2 ml 0.1M HNO;

Elute Zr 8 x 4 ml 0.5M HNO; - 0.06M HF
1 ml 0.56M HNO; - 0.3M HF

Collect Hf 1 ml 0.56M HNO; - 0.3M HF

B o5 4E57] S48 Zetxor AFEAM7|(NEPTUNE PLUS, Thermo Scientific, =A]H14)
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TAl(West  Antarctic Rift System) W A% <zl wlanpgls (extensional
alkalic magmatism)¥} dA@o] A= Ao 2 7FFHTH(DiVenere et al, 1994;
Luyendyk et al, 1996). Wi & 3}rte Bso g wukdl Azslato g A H 317
A=HEH oF 30 km "o 3ol fAsta Utk 7HE L EEE A2 45 A
Holl A AHHIE spabAje] zlolet = FAEC wel oF 1862-1922 CE (Lyon,
1986), €3l Ul HzZg Fo FATEAE F4d wak oF 10,000 yrs (Lee
and Lee, 2017)& K a=EAT. < Azla ##e] o] NE-SW Wae] whe
S-3 HE5WA o] HuEArh(Barklage et al, 2009; Graw and Hansen, 2017;
Pondrelli et al, 2006; Salimbeni et al, 2010). At Z4% % o]5& NNW-SSE
weko 2 B 3% QT (Gripp and Gordon, 2002).
HA A B WEZI LS F 6F 02, 2012-2013 FAAF4 FFH A
A AFH AT ¥R Afol= o)) AERES FE EA ST IE 3.112). A
S A, AP A, dALg o] sFER ] 9d zEolE, s&MIIoE, ¢
olER AHIHY. I dHEL F2 WHYZZA S (porphyoclastic) H.o]=
AHA, AAE A, AolE Al9-31 Q) =(interstitial) TARSA], A o= o] F
oAAd vk AEL 4 @A Ato]=olA ofd W ATxR #EAEA &
ow uwpebx] WS o w ukbdS A Aekglt
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PENNOTATE s Py
B 503 Deike Buidi
i University Dark, DA 16802-2714

Dr. Yongcheol Park October 10, 2019
Korea Polar Fesearch Institute
Incheon 21990m South Korea

Dear Dr. Park:

I am pleased to write this letter of collaboration to work with you on an exciting new
project to investigate the nature and origin of the Polar 3 magnetic anomaly and
associated volcanic activity in Northern Victoria Land using seismological data and
analyses. As we have discussed, I will write a proposal to the U.S. National Science
Foundation in the coming menths to collaborate with you on this project.  In my
proposal. I will request funding to install and operate a land seismic network that will
complement the marine seismic data that yon are proposing to collect.

As you know, I am one of the principal investigators for the POLENET project in
Antarctica. The broad geals of POLENET inclode improving our vnderstanding of
rifting and volcanism along the entire West Antarctica Rift System, and in particular how
crust and upper mantle structure is influencing ice sheet dynamics through glacial
isostatic adjustment and basal heat flow. The project you are proposing focusing on the
Northern Victoria Land sector of the West Antarctic Rift System directly addresses these
goals, and therefore we wonld very much welcome making your project part of
POLENET.

I look forward to working with you on this project.

Sincerely,

(L4, ¢ Aiae

Andrew A Nyblade,

Professor of Geosciences and Department Head
503 Deike Building

Department of Geosciences

Pennsylvania State University

University Park, PA 16802

USA

Phone: 814-863-8341
Email: nyblade(@psu.edu

32 4.1. POLENET program?®] 24%to 2 Polar 3 X|A7|o]lA ARZEA] w21t 35 ALE st Prof. Andrew Nyblade
of A4 AL
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O AW AAES 97 Ay W Fo] B A% (2017)
AM FM Needs
First day Arrival go to site, get farmilar with New: Different NAMMU types, anchor
(July. 24th) participiants and their position /eduncation - Show different types of NAMMU and and batteries
) (technician scientist ..} weights (geophone vs. seismometer, alkaline
vs. lithium)
Second da}r Repetition: New: decks unit 8011M
(July. 25th) |- Show different types of NAMMU and - Handling mstructions anchor, torsion K .UM -handheld
) weight measurement
New:
- Handling Instructions acoustic release and its
timing progranmuming
Third day New: New: Possible offshore training if needed,
(July. 26th) |- Offshore/Ships day - deploy NAMMU, recover NAMMU and | otherwise crane training bay of Kiel
i - HSE-training (Health, Safety, Environment) |anchor (or on site)
- go to side
Fourth day Repetition: New: this would be alternative day of
(July. 27th) |- NAMMU deployment/recovery - Data display, very(!) rough(!) introduction |offshore tramning/crane training
' - HSE-training into data processing (SeismicUnix, PQL).
- safe recovery of data in wet environment Introduction to data processing is just , first steps™ as
the traimng course 15 technical, not gecphy=ical The
job of techmictans normally ends after datz download
Fifth day Complete Repetition of all items spare time
(July. 28th) | solving remaining questions
- spare time for upcoming misunderstandings
- etc
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drift: 99 m; direction: 37" horizontal error. 13 m
horeontal emor 1 m sound speed at site 1445 mis
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RE 1 AZ/mE 72 Bd ALY 9441 B
Year J lél;n hr min sec milisec latitude longitude depth Mw phase
2013 351 12 29 50 0 -25.5090 -70.5210 71.5 6 P
2013 351 17 1 51 797 -20.7074 -178.6610 602.0 6 P
2013 353 21 34 2 613 -6.9084 128.3230 10.6 6 P
2013 355 38 19 10 -22.27795 171.7310 122.0 6 P
2013 356 28 53 928 -46.4494 96.1330 9.9 6 P
2013 356 10 2 59 758 -46.4386 96.0153 10.0 6 P
2013 357 9 12 17 149 12.7711 143.0360 92.0 6 P
2013 362 6 43 27 368 -56.4333 -142.5410 10.0 6 P
2013 362 19 6 6 792 -18.2012 -174.3200 95.8 6 P
2013 363 12 49 6 729 -5.6050 153.9860 24.0 6 P
2013 363 15 37 28 69 1.2996 126.2450 42.9 6 P
2014 16 3 19 8 -13.8633 167.2490 187.0 7 P
2014 0 11 37 999 -20.6870 -70.7950 26.1 6 P
2014 4 22 0 179 -20.7495 -70.6330 20.0 6 P
2014 6 39 23 448 -11.5917 166.5230 58.0 6 P
2014 10 2 22 45 929 -31.3131 -179.5730 211.0 6 P
2014 20 2 52 34 349 -40.6595 175.8140 28.0 6 P
2014 25 5 14 8 509 -7.9855 109.2650 66.0 6 P
2014 32 3 58 33 988 -56.8269 -27.3391 130.0 6 P
2014 33 9 26 27 821 -32.9076 -177.8810 44.3 7 P
2014 37 5 46 52 489 -11.5493 166.4020 50.2 6 P
2014 38 8 40 3 548 -15.0691 167.3720 122.0 7 P
2014 39 19 50 26 421 -60.4256 -45.1914 23.9 6 P
2014 43 11 43 5 -22.3540 -68.8130 99.9 6 P
2014 49 10 12 640 -4.9229 153.7760 112.2 6 p
2014 49 23 35 48 262 -14.1648 -75.5997 57.0 6 P
2014 53 22 39 22 222 -60.2444 -47.2746 10.0 6 P
2014 64 9 56 47 841 -14.7378 169.8230 638.0 6 P
2014 64 17 34 9 598 -14.7947 167.2550 109.6 6 P
2014 66 10 4 42 738 -28.1520 -176.6440 27.0 6 P
2014 69 17 33 18 999 -5.4804 147.9550 260.0 6 P
2014 70 2 43 55 829 -60.8623 -19.9775 10.0 6 P
2014 70 22 2 59 820 -3.0856 148.5530 7.0 6 P
2014 73 13 37 56 205 7.7631 94.3128 10.0 6 P
2014 73 20 31 59 627 -53.5105 25.2378 11.3 6 P
2014 74 23 51 22 974 -5.5745 -80.9709 29.0 6 P
2014 75 21 16 19 611 -19.9807 -70.7022 20.0 7 P
2014 76 13 24 38 909 -53.1677 -32.3157 6.0 6 P
2014 77 21 26 35 400 -19.9262 -70.7961 3.3 6 P
2014 78 16 0 13 169 -27.8839 -177.1290 30.7 6 P
2014 78 20 17 33 540 -60.7310 -25.3287 10.0 6 p
2014 80 13 40 59 478 7.7448 94.3342 215 6 P
2014 80 14 11 3 889 7.5417 94.2698 10.0 6 P
2014 82 4 30 51 619 -20.6741 -178.8110 606.9 6 P
2014 82 18 19 51 929 -19.6899 -70.8538 21.0 6 P
2014 85 29 25 719 -26.1692 179.2880 495.0 6 P
2014 86 49 32 709 -12.0989 166.5890 98.0 6 P
2014 86 23 50 42 188 -29.1646 -68.7459 10.0 6 P
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2014 90 12 52 56 0 -19.5110 -69.1740 114.5 6 P
2014 92 0 3 709 -19.7831 -70.7190 20.7 6 P
2014 92 0 40 929 -19.5480 -70.7269 10.0 6 P
2014 92 4 46 8 769 -20.0759 -70.8325 16.5 6 P
2014 93 1 58 20 529 -20.3113 -70.5756 24.1 7 P
2014 93 2 43 3 108 -20.5709 -70.4931 22.4 8 P
2014 93 2 55 55 59 -20.7468 -70.5310 10.0 6 P
2014 93 5 26 5 698 -20.7969 -70.5865 25.0 6 P
2014 94 1 37 40 570 -20.6426 -70.6540 13.7 6 P
2014 94 11 40 22 0 -10.5365 161.7030 57.0 6 P
2014 95 2 22 28 968 -32.7997 -71.5803 40.2 6 P
2014 97 13 43 11 19 -20.1273 -70.8513 8.0 6 P
2014 98 10 14 21 580 -20.5124 -70.9226 6.0 6 P
2014 101 0 1 35 209 -20.6590 -70.6472 13.8 6 P
2014 101 7 7 13 128 -6.5858 155.0480 60.5 7 P
2014 101 8 16 35 660 -6.7878 154.9500 20.0 7 P
2014 101 12 55 7 800 -6.8795 154.9750 9.6 6 P
2014 101 14 33 33 179 -6.7203 154.9630 20.1 6 P
2014 102 20 14 29 298 -11.2701 162.1480 22.6 8 P
2014 102 20 24 36 627 -11.3677 162.2370 31.7 6 P
2014 103 12 11 20 79 -20.5664 -70.7470 13.4 6 P
2014 103 12 36 9 231 -11.4633 162.0510 39.0 7 P
2014 103 13 12 7 739 -11.2100 161.9280 10.0 6 P
2014 103 13 24 49 720 -11.1284 162.0520 10.0 7 p
2014 104 6 29 37 758 -11.2397 161.8760 20.0 6 P
2014 105 3 56 51 369 -53.4967 8.7220 11.2 7 P
2014 107 4 38 7 697 4.5162 122.9350 572.9 6 P
2014 108 4 13 2 39 -11.1387 164.8140 10.0 6 P
2014 109 1 3 53 819 -6.6558 155.0870 29.0 7 P
2014 109 13 27 50 819 -6.7547 155.0240 43.4 8 p
2014 109 13 47 37 248 -6.9524 154.8130 35.0 6 P
2014 109 23 6 7 268 -6.9778 155.0120 40.6 6 P
2014 110 0 15 48 99 -7.1646 155.3350 20.0 6 P
2014 111 4 11 638 -6.2237 154.4350 27.0 6 P
2014 111 21 58 51 970 -6.6311 154.7470 13.9 6 P
2014 114 19 51 48 640 -24.0058 -176.6670 63.1 6 P
2014 116 2 10 999 -20.7520 -174.7070 45.0 6 P
2014 121 36 25 548 -21.4542 170.3550 106.0 7 P
2014 121 14 35 27 69 1.9623 97.9671 37.0 6 P
2014 122 45 54 307 -18.6007 -175.3950 13.0 6 P
2014 122 43 26 499 -3.8148 127.4010 46.6 6 P
2014 124 15 42 879 -24.6108 179.0860 527.0 7 P
2014 124 25 5 961 -25.8072 178.2400 634.2 6 P
2014 126 20 52 18 331 -36.1703 -97.0540 16.8 6 P
2014 127 4 20 23 869 -6.9599 154.9010 10.0 6 P
2014 129 10 32 12 186 -18.9616 -175.5360 192.3 6 P
2014 131 20 42 20 367 -13.8826 167.2400 189.1 6 P
2014 132 18 38 26 698 -49.9403 -114.7990 10.5 7 P
2014 134 3 38 11 249 -22.7239 -66.4407 213.1 6 P
2014 134 20 56 3 222 6.4507 144.9240 10.0 6 P
2014 135 8 16 24 439 6.4264 144.9360 11.0 6 P
2014 135 10 16 32 19 9.3832 122.0600 15.5 6 P
2014 136 0 40 5 699 -22.5327 172.9980 9.0 6 P
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2014 136 17 8 22 358 -23.4456 -68.5388 105.0 6 P
2014 137 9 10 55 390 -19.9874 -70.8968 5.6 6 P
2014 137 12 13 17 730 -54.2473 -146.6850 5.0 6 P
2014 137 21 28 6 839 -56.2451 -27.5340 90.0 6 P
2014 138 0 58 17 720 -14.6681 -175.5300 10.0 6 P
2014 138 1 2 22 610 4.2485 92.7574 35.0 6 P
2014 138 4 19 7 560 -21.3041 169.8450 62.0 6 P
2014 138 6 38 30 71 -14.8047 -175.9030 10.0 6 P
2014 142 8 37 46 580 -55.3968 -28.27771 7.0 6 P
2014 150 15 32 17 0 -21.3020 -69.9990 59.6 6 P
2014 156 17 21 55 420 -29.1504 -112.4830 10.0 6 P
2014 157 23 6 42 263 -14.8641 -175.0010 15.3 6 P
2014 164 19 30 19 622 -46.0293 -13.8844 6.4 6 P
2014 165 11 10 49 847 -10.1229 91.0921 4.0 7 P
2014 170 9 38 26 77 -19.9749 -70.9451 11.3 6 p
2014 170 10 17 45 518 -13.5585 166.8280 36.0 6 P
2014 174 20 6 10 721 -29.9414 -177.6070 26.6 7 P
2014 174 22 15 39 49 -30.1522 -177.5730 10.0 6 P
2014 180 7 52 45 169 -55.4703 -28.3669 8.0 7 P
2014 180 14 20 27 179 -55.4067 -28.1060 10.0 6 P
2014 180 14 32 39 429 -55.3584 -28.1075 10.0 6 P
2014 180 15 52 13 58 -14.7798 -175.2590 9.0 6 P
2014 180 17 14 59 339 -14.9831 -175.5100 18.0 7 P
2014 180 18 24 22 371 -15.3533 -175.6600 10.0 6 P
2014 184 19 49 57 299 -30.4601 -176.4450 35.0 6 P
2014 185 13 12 7 666 -7.0168 155.9040 38.8 6 P
2014 185 15 0 17 865 -6.2304 152.8070 20.0 7 P
2014 187 22 11 19 790 -21.1445 173.9520 8.0 6 P
2014 189 12 56 15 929 -17.6864 168.3980 110.2 6 P
2014 193 17 49 7 150 -55.4163 -27.9709 6.0 6 P
2014 193 18 20 27 669 -55.3411 -27.9186 10.0 6 P
2014 194 20 0 26 940 -4.0484 151.2700 10.0 6 P
2014 194 20 54 4 557 -20.2585 -70.3475 33.1 6 P
2014 195 5 4 53 200 -8.8188 111.2530 52.5 6 P
2014 195 59 47 290 5.7144 126.4780 20.0 6 P
2014 196 44 48 891 -4.1115 151.3870 10.0 6 P
2014 196 10 30 20 278 -4.1972 151.3850 10.0 6 P
2014 200 12 27 0 41 -15.8239 -174.4520 227.3 6 P
2014 202 14 54 31 1 -19.8015 -178.4000 615.4 7 P
2014 204 21 38 58 472 -20.2267 -68.6776 118.7 6 P
2014 207 11 13 38 110 -60.0379 -18.6749 10.0 6 P
2014 209 3 36 36 19 7.5014 136.7690 5.0 6 P
2014 209 23 0 38 148 -6.9216 143.8730 10.0 6 P
2014 210 13 27 30 89 -3.4220 146.7690 9.8 6 P
2014 214 14 2 8 769 -55.4278 -28.3088 7.2 6 P
2014 215 0 21 53 680 0.8295 146.1690 13.0 7 P
2014 218 11 45 12 685 -7.2741 128.0360 10.0 6 P
2014 222 13 33 11 27 5.8688 127.1350 78.0 6 P
2014 223 10 7 23 341 -29.9735 -176.0960 10.0 6 P
2014 225 30 37 209 13.9091 144.9760 98.0 6 P
2014 233 11 21 39 -5.2854 150.6890 8.0 6 P
2014 234 14 29 40 270 -6.5859 146.8180 10.0 6 P
2014 235 4 45 22 670 -20.1745 -69.0385 100.0 6 P
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2014 235 22 32 13 321 -32.6953 -71.4416 32.0 6 P
2014 236 20 21 13 548 -55.3230 -28.5152 10.5 6 P
2014 236 23 21 35 517 -14.5980 -73.5714 101.0 7 P
2014 237 14 31 27 278 -16.1260 -73.1133 62.0 6 P
2014 239 23 11 24 209 -15.0455 167.3910 115.3 6 P
2014 246 20 33 49 300 -26.6424 -114.7390 10.0 6 P
2014 247 5 33 40 348 -21.3869 -173.3230 35.0 6 P
2014 248 19 36 21 29 -26.7080 -114.2500 14.0 6 p
2014 249 6 53 1 758 -26.6478 -114.5000 7.0 6 P
2014 253 2 45 56 429 -0.2422 125.1040 35.0 6 P
2014 253 5 16 43 208 -0.1835 125.1250 30.0 6 P
2014 259 2 35 8 459 -6.3080 151.7170 28.1 6 P
2014 260 6 14 35 409 13.7641 144.4290 130.0 7 P
2014 263 18 27 3 709 -0.7667 134.3000 11.8 6 P
2014 265 16 1 32 229 -56.0228 -27.7792 109.3 6 P
2014 266 15 23 50 538 -5.3952 151.7370 57.2 6 P
2014 267 11 16 5 6 -23.8009 -66.6321 224.0 6 P
2014 268 9 13 40 0 -9.4618 156.4120 4.0 6 P
2014 271 23 25 749 -19.1319 -176.3430 10.0 6 P
2014 273 16 45 46 229 1.6025 67.7354 10.0 6 P
2014 273 22 34 17 29 -17.8303 -178.5950 572.2 6 P
2014 274 38 41 759 -6.0706 149.5330 42.0 6 P
2014 276 5 34 268 11.3267 122.1190 19.5 6 P
2014 278 24 33 268 -49.7979 125.7690 10.0 6 P
2014 279 14 3 bE 570 15.4121 147.2270 4.0 6 p
2014 282 14 21 439 -32.1082 -110.8110 16.5 7 p
2014 282 31 55 139 -32.0953 -110.8650 10.0 7 P
2014 282 14 13 678 -32.6135 -111.6560 10.0 6 P
2014 282 20 59 49 612 -31.9909 -111.1950 10.0 6 P
2014 287 4 12 17 39 -34.8164 179.8640 14.2 6 p
2014 299 10 45 21 840 -10.5571 -74.0836 125.0 6 P
2014 303 12 11 25 659 -6.9881 117.5890 535.0 6 P
2014 305 10 5 33 549 -31.9202 -111.1070 10.0 6 P
2014 305 10 59 44 616 -31.8520 -111.2440 10.0 6 P
2014 305 18 57 12 389 -19.6903 -177.7590 434.0 7 P
2014 307 48 19 739 -41.7317 79.9602 10.0 6 P
2014 311 20 37 169 4.7800 95.0654 39.0 6 P
2014 311 33 45 279 -5.9873 148.2320 53.2 7 P
2014 314 10 4 11 148 -22.7730 171.4530 7.0 6 P
2014 314 11 38 48 999 -21.6310 -68.7250 111.3 6 P
2014 314 21 37 50 827 -30.0426 -177.8550 29.0 6 P
2014 317 10 24 8 267 -15.2155 173.0850 10.0 6 P
2014 317 12 20 56 115 -18.4981 169.1150 211.0 6 P
2014 319 31 31 720 1.8929 126.5220 45.0 7 P
2014 319 7 54 590 -0.1448 123.8890 90.3 6 P
2014 319 47 47 847 1.7859 126.5630 35.0 6 P
2014 320 22 33 10 460 -37.6478 179.6620 22.0 7 p
2014 321 1 5 47 679 -9.5484 155.1390 10.0 6 P
2014 321 11 26 56 978 -36.0008 -102.1970 19.1 6 P
2014 321 16 52 36 845 -46.3484 33.8037 10.0 6 P
2014 322 25 27 489 7.4840 94.3590 6.6 6 P
2014 322 47 6 628 1.8693 126.4750 30.0 6 P
2014 325 10 10 9 627 2.2999 127.0560 35.0 7 P
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2014 328 21 2 9 458 -5.9626 154.9620 170.0 6 P
2014 330 14 33 33 639 1.9604 126.5750 39.0 7 P
2014 330 14 49 39 616 1.8122 126.4580 30.4 6 P
2014 336 11 20 998 6.1572 123.1260 614.0 7 P
2014 337 26 54 430 -2.9324 122.4230 10.0 6 P
2014 340 22 5 0 731 -6.1100 130.4830 116.0 6 P
2014 341 1 21 52 179 -6.5108 154.4600 23.0 7 P
2014 343 3 9 12 519 1.5378 126.2320 40.7 6 p
2014 345 13 53 19 359 -56.7511 -25.4248 10.0 6 P
2014 346 20 22 25 350 -18.9043 -176.4440 316.4 6 P
2014 352 20 10 43 408 -56.6279 -25.3698 10.0 6 P
2014 355 11 34 3 568 2.0892 126.6480 41.0 6 P
2014 356 7 19 31 228 -54.1054 -146.0940 14.0 6 P
2014 361 18 53 37 220 -17.9261 -179.4900 621.8 6 P
2014 363 17 41 39 467 -56.6590 -24.8509 19.0 6 P
2014 364 21 17 13 930 -20.3263 -178.5640 599.3 6 P
2014 365 1 37 23 930 -4.4378 144.0020 123.0 6 P
2014 365 9 26 12 449 13.7483 120.6670 110.0 6 P
2015 5 17 48 32 488 -43.0546 171.2360 8.1 6 P
2015 10 2 5 36 270 -5.6550 68.3613 10.0 6 P
2015 10 17 54 52 629 -21.6328 -68.5339 108.8 6 P
2015 12 20 25 4 180 -5.5870 133.9220 20.9 6 P
2015 17 18 41 32 766 -22.2370 -63.1461 557.2 6 P
2015 19 17 19 35 648 4.6079 119.7570 11.0 6 P
2015 21 20 8 23 609 -5.6549 146.3280 49.0 6 P
2015 23 47 17 50 -17.0309 168.5200 220.0 7 P
2015 28 43 9 350 -20.9665 -178.3030 484.1 6 P
2015 29 49 25 189 -19.2852 -174.1710 39.8 6 P
2015 30 17 57 46 449 -21.2452 170.1580 7.1 6 P
2015 31 12 29 20 617 15.2410 147.1240 5.0 6 P
2015 32 11 41 36 488 -12.3801 166.7540 176.7 6 P
2015 32 13 33 52 980 -21.2735 170.2650 7.6 6 P
2015 33 10 49 38 527 -32.7183 -67.1231 172.0 6 P
2015 42 13 1 5 809 -23.5605 -66.7204 202.5 6 P
2015 42 18 57 12 461 -23.1125 -66.6880 223.0 7 P
2015 47 22 0 43 602 -55.5200 -28.2591 13.0 6 P
2015 49 9 32 16 770 -10.7598 164.1220 10.0 6 P
2015 50 13 18 22 809 -16.4311 168.1480 10.0 6 P
2015 58 13 44 55 367 -7.2968 122.5350 552.1 7 P
2015 65 8 22 8 959 -41.3157 80.6046 10.0 6 P
2015 66 22 18 47 500 -6.5331 151.7340 22.0 6 P
2015 75 2 59 55 950 -4.0737 152.0290 196.0 6 P
2015 76 20 16 9 78 -17.8236 -178.5650 555.9 6 P
2015 76 22 12 18 938 1.6686 126.5220 44.0 6 P
2015 77 18 27 19 500 -36.1167 -73.5219 13.0 6 P
2015 87 16 36 43 859 -22.2167 -68.6175 112.0 6 P
2015 87 19 16 23 117 -18.2822 176.7930 8.0 6 P
2015 87 22 28 40 789 0.4002 121.9900 118.0 6 P
2015 88 7 50 44 289 1.6535 126.4850 45.1 6 P
2015 88 23 48 21 8 -4.7294 152.5620 41.0 8 P
2015 89 15 21 410 -5.2049 152.6040 42.1 6 P
2015 89 56 43 229 -15.4296 -173.0490 10.0 6 P
2015 89 17 51 340 -15.3920 -172.9410 14.5 6 P
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2015 89 8 48 15 340 -15.4994 -173.0290 11.0 7 P
2015 89 10 34 43 59 -39.2859 78.0903 10.0 6 P
2015 89 18 2 0 789 -15.4261 -172.8630 9.6 6 P
2015 90 12 10 30 539 -10.9590 162.4860 26.0 6 P
2015 90 12 18 14 199 -4.8946 152.4900 39.0 6 P
2015 91 11 6 25 789 -16.0213 -172.8350 10.0 6 P
2015 92 4 10 0 0 -17.8607 -178.5830 560.0 6 P
2015 93 12 32 28 668 -23.0158 -176.3460 59.2 6 P
2015 93 21 17 44 781 -6.2934 147.7520 30.0 6 P
2015 95 20 51 29 727 -5.5476 152.7220 8.0 6 P
2015 97 0 46 11 830 -15.1676 -173.2250 30.0 6 P
2015 100 16 22 54 78 -13.7935 65.8580 10.0 6 P
2015 101 5 0 32 480 2.1173 126.6950 50.0 6 P
2015 107 15 52 41 480 -15.8815 -178.6000 10.0 7 P
2015 112 22 57 5 648 -12.0390 166.4320 72.0 6 P
2015 114 3 36 32 399 -42.0602 173.0070 48.0 6 P
2015 116 23 35 19 727 -8.3237 -79.8322 22.0 6 P
2015 118 16 39 29 199 -20.8865 -178.6330 581.0 6 P
2015 120 10 18 58 199 -60.3933 -26.9077 10.0 6 P
2015 120 10 44 52 930 -5.3750 151.7710 31.0 7 P
2015 121 8 5 53 479 -5.2005 151.7770 44.0 7 P
2015 123 22 32 29 8 -5.6314 151.6760 24.0 6 P
2015 123 23 40 46 656 -5.5385 151.9260 35.0 6 P
2015 124 2 29 1 420 -44.5226 168.8830 10.0 6 P
2015 125 20 53 10 977 -15.3785 67.2078 10.0 6 P
2015 127 10 9 590 -7.2175 154.5570 10.0 7 P
2015 128 12 11 520 1.5404 97.9026 36.0 6 P
2015 128 51 56 139 -6.1204 149.8230 35.0 6 P
2015 135 20 26 46 867 -2.5420 102.2190 151.0 6 P
2015 137 52 27 119 -12.0807 165.8100 9.0 6 P
2015 138 2 36 580 -41.5553 80.3254 9.0 6 P
2015 138 17 4 43 648 -7.1480 154.4420 10.0 6 P
2015 139 13 54 46 469 -18.6153 168.5850 50.0 6 P
2015 140 0 30 44 700 -19.3021 -175.5250 203.0 6 P
2015 140 22 48 43 430 -10.8759 164.1690 11.0 7 P
2015 141 19 32 47 727 -9.8042 160.3340 5.0 6 P
2015 142 23 59 23 781 -11.1093 163.2150 10.0 7 P
2015 143 19 28 7 391 -4.7846 152.5910 31.8 6 P
2015 144 4 53 13 629 -16.8550 -14.1708 10.0 6 P
2015 144 14 38 49 520 -19.3933 -175.9630 10.0 6 P
2015 144 21 6 31 141 -59.6530 -26.4546 34.0 6 P
2015 146 10 31 53 348 -22.0570 -68.5076 124.0 6 P
2015 146 16 42 23 39 -0.3277 135.7340 15.0 6 P
2015 146 23 41 30 797 -58.7355 -25.2138 35.0 6 P
2015 149 8 40 3 229 -47.3578 99.9237 10.0 6 P
2015 150 17 18 25 39 -15.7216 -173.3820 10.0 6 P
2015 155 23 15 33 906 5.9867 116.5410 10.0 6 P
2015 156 14 53 50 969 -37.1708 78.1817 10.0 6 P
2015 161 13 51 59 770 -22.4000 -68.4323 124.0 6 P
2015 163 11 6 58 39 -15.6758 -173.0100 48.0 6 P
2015 164 3 17 14 80 -24.5961 -176.1590 22.0 6 P
2015 166 17 40 43 930 -9.7420 125.2520 20.0 6 P
2015 166 21 4 14 680 4.1537 125.8450 136.0 6 P
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2015 167 16 51 180 -20.3944 -179.0020 656.0 6 P
2015 171 9 57 100 -36.3601 -73.8120 11.0 6 P
2015 171 31 58 809 -59.6293 -26.5027 50.1 6 P
2015 171 23 38 59 508 -23.5295 -177.0850 151.0 6 P
2015 172 21 28 6 281 -20.4307 -178.3280 562.6 6 P
2015 174 59 45 770 -19.5686 -175.0400 138.0 6 P
2015 180 9 6 98 -16.0251 -74.2558 28.0 6 P
2015 181 39 19 410 -5.4513 151.5460 43.0 6 P
2015 182 19 35 11 461 -10.9911 162.5560 12.0 6 P
2015 184 6 43 11 539 10.1691 125.8910 32.0 6 P
2015 187 12 23 58 559 -20.7139 -174.5000 44.0 6 P
2015 188 6 20 52 229 -35.4058 -179.7240 10.0 6 P
2015 188 16 53 641 -13.3864 -111.3020 10.0 6 P
2015 188 20 9 117 -22.9379 -177.1330 169.6 6 P
2015 191 12 32 540 -9.3070 158.4030 12.0 7 P
2015 193 37 21 330 2.9918 128.1870 115.0 6 P
2015 198 18 49 43 719 -18.1214 -178.1890 536.1 6 P
2015 199 2 27 23 819 -10.4012 165.1410 11.0 7 P
2015 201 11 8 9 430 -35.5251 -105.0840 14.0 6 P
2015 205 21 44 28 930 -8.2477 108.9160 48.0 6 P
2015 207 7 5 0 129 -9.2585 112.6700 52.0 6 P
2015 207 22 42 3 211 -18.0240 -174.0680 7.3 6 P
2015 208 21 41 11 719 -2.6286 138.5280 48.0 7 P
2015 210 23 41 30 430 -25.3727 154.2280 9.0 6 P
2015 211 7 42 15 379 -27.0321 -176.0470 10.0 6 P
2015 215 14 1 42 680 -16.4701 -174.3560 176.0 6 P
2015 218 23 59 36 289 -26.4576 -178.2510 269.0 6 P
2015 219 14 22 4 367 -18.0441 -174.1410 28.5 6 P
2015 221 46 10 709 -27.4539 -176.2460 10.0 6 P
2015 222 12 5 810 -9.3438 158.0530 22.0 7 P
2015 222 24 21 199 -9.2998 157.9540 10.0 6 P
2015 222 43 27 270 -19.6389 -174.8530 46.3 6 P
2015 222 19 19 22 391 -27.0812 -176.2400 6.7 6 P
2015 223 13 35 39 410 -27.0523 -176.2730 10.0 6 P
2015 224 0 14 30 320 -31.6968 -71.6227 30.0 6 P
2015 224 18 19 6 16 -9.3286 157.8420 4.2 6 P
2015 224 18 49 14 78 -9.3293 157.8770 6.4 7 P
2015 225 10 39 43 840 -37.0152 78.0623 10.0 6 P
2015 225 14 4 47 738 -3.9835 152.8910 135.0 6 P
2015 226 13 27 50 559 -27.3150 -176.0530 11.2 6 P
2015 227 7 46 56 500 -10.8968 163.8230 8.0 6 P
2015 232 10 59 59 719 0.4854 126.5890 46.1 6 P
2015 232 13 28 58 879 -8.0603 149.5530 52.4 6 P
2015 235 23 9 54 430 -29.7191 -71.2958 31.1 6 P
2015 236 9 41 16 629 -30.6502 -178.7300 228.0 6 P
2015 238 13 51 25 570 -57.4999 -25.8754 32.0 6 P
2015 245 1 18 19 70 4.4132 124.6310 296.0 6 P
2015 246 13 23 50 688 2.0551 126.6820 53.0 6 P
2015 250 45 59 49 -24.2427 179.1280 535.0 6 P
2015 251 48 22 869 -33.0304 -178.5340 10.0 6 P
2015 251 19 43 789 -33.1147 -178.2050 12.8 6 P
2015 254 21 19 8 656 -5.9797 146.6560 26.0 6 P
2015 255 20 32 17 0 -32.6066 -178.0290 8.0 6 P
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2015 255 20 32 17 0 -32.6100 -178.0300 8.0 6 P
2015 255 22 15 58 141 -6.1236 147.3660 27.0 6 P
2015 256 1 13 4 0 0.0400 123.4500 143.0 6 P
2015 259 7 40 48 689 1.8841 126.4290 41.6 6 P
2015 259 14 3 12 109 -6.0114 151.4770 6.0 6 P
2015 259 22 54 22 859 -31.5729 -71.6744 22.4 8 P
2015 259 23 3 46 570 -31.7502 -71.7425 19.1 6 P
2015 259 23 18 31 859 -31.5622 -71.4262 28.4 7 P
2015 259 23 37 51 648 -31.7842 -72.0222 12.5 6 P
2015 260 1 32 52 640 -31.7363 -72.0265 9.3 6 P
2015 260 1 40 55 870 -31.1043 -71.6504 42.3 6 P
2015 260 2 59 19 69 -30.9669 -71.5398 35.0 6 P
2015 260 3 55 5 430 -31.4244 -71.6876 27.0 7 P
2015 260 4 2 0 20 -31.2244 -71.9260 16.0 6 p
2015 260 4 26 28 970 -31.4167 -71.9800 17.6 6 P
2015 260 5 44 29 959 -31.8011 -72.1309 10.0 6 P
2015 260 12 14 24 910 -32.9149 -71.6064 10.0 6 P
2015 260 13 32 16 51 -32.1432 -72.3779 10.0 6 P
2015 260 14 19 5 969 -30.9102 -71.9829 10.0 6 P
2015 260 20 40 21 750 -29.9614 -71.8851 5.7 6 P
2015 262 5 37 500 -29.6411 -72.0770 6.0 6 P
2015 262 59 551 -31.0999 -71.5902 28.0 6 P
2015 262 12 52 10 930 -32.3335 -72.0629 18.0 6 P
2015 262 13 8 47 770 -30.5256 -72.1984 10.0 6 P
2015 264 5 39 24 910 -31.5757 -71.7431 30.0 6 P
2015 264 17 39 50 59 -31.7275 -71.3792 35.0 7 p
2015 264 18 36 43 516 -31.0458 -71.8200 27.0 6 P
2015 264 19 55 58 688 -31.7819 -71.6407 28.4 6 P
2015 265 7 12 50 520 -31.4441 -71.2653 58.0 6 P
2015 267 15 53 17 738 -0.6212 131.2620 18.0 7 P
2015 269 2 51 8 830 -30.8148 -71.3217 46.0 6 P
2015 269 17 23 16 828 5.2649 123.7970 516.0 6 P
2015 269 18 17 14 867 -6.2780 151.6660 2.9 6 P
2015 270 2 56 3 740 -7.1772 129.6050 107.0 6 P
2015 271 15 27 55 789 -23.8028 -66.6126 219.0 6 P
2015 273 16 42 320 -56.1948 -27.7153 101.0 6 P
2015 276 32 80 -37.4557 -73.6761 14.5 6 P
2015 276 26 45 779 -30.3010 -71.5510 38.0 6 P
2015 278 16 33 16 789 -30.3035 -71.5318 34.0 6 P
2015 282 18 27 26 648 -31.7323 -71.7325 35.0 6 P
2015 283 8 55 55 410 -60.7167 -20.8492 10.0 6 P
2015 290 11 32 58 949 -25.4674 -64.4839 17.0 6 P
2015 291 16 18 25 520 -16.2018 -173.2610 12.0 6 P
2015 292 13 50 31 617 13.8654 120.6170 106.0 6 P
2015 293 20 33 2 70 -57.4332 -65.8872 9.1 6 P
2015 293 21 51 52 570 -14.8595 167.3030 135.0 7 P
2015 296 1 39 56 320 -54.2258 6.1653 11.0 6 P
2015 296 4 8 140 -45.8146 37.1711 10.0 6 P
2015 296 22 12 852 -2.1661 138.2670 8.0 6 P
2015 298 14 58 47 680 -29.3334 -177.7960 10.0 6 P
2015 301 20 46 30 359 -10.9788 166.3800 141.0 6 P
2015 305 15 16 7 480 -23.2468 -68.4169 111.0 6 P
2015 308 3 44 5 189 -8.3381 124.8750 20.0 7 P
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2015 309 16 32 28 750 -3.7259 150.9040 10.0 6 P
2015 311 7 31 33 869 -30.8796 -71.4519 46.0 7 P
2015 311 10 53 34 160 -30.7227 -71.3904 42.0 6 P
2015 312 13 27 359 -17.3194 -69.4287 159.9 6 P
2015 312 34 47 309 0.7863 98.8905 69.0 6 P
2015 312 16 46 52 160 6.8431 94.6480 10.0 7 P
2015 315 0 26 47 760 6.2386 147.6440 13.0 6 P
2015 315 1 54 28 570 -29.5067 -72.0068 12.0 7 P
2015 315 2 46 9 830 -29.5097 -72.0585 10.0 7 P
2015 315 11 45 13 891 -8.9416 110.2190 83.0 6 P
2015 315 23 36 9 211 -7.2493 128.9300 126.0 6 P
2015 317 6 4 7 180 -29.8492 -64.4985 27.0 6 P
2015 322 18 30 54 570 -8.8994 158.4220 12.6 7 P
2015 325 9 3 459 -7.1484 129.9380 82.0 6 P
2015 325 23 20 648 -30.5754 -71.7676 27.0 6 P
2015 328 22 45 28 891 -10.5372 -70.9437 606.2 8 P
2015 328 22 50 44 367 -10.0598 -71.0184 620.6 8 P
2015 329 18 57 31 586 1.4305 126.2900 33.2 6 P
2015 330 5 45 8 400 -9.1825 -71.2574 602.8 7 P
2015 333 18 52 39 492 -23.5597 -64.6521 11.0 6 P
2015 338 22 24 50 109 -47.6165 85.0913 35.0 7 P
2015 340 17 9 19 328 -18.1602 -178.6940 547.0 6 P
2015 341 7 51 1 428 -31.3985 -71.2624 49.5 6 P
2015 342 12 55 57 420 -30.8096 -71.7519 25.0 6 P
2015 343 10 21 38 525 -4.1064 129.5080 21.0 7 P
2015 343 12 57 51 775 -16.7374 175.2470 10.0 6 P
2015 344 0 22 809 -35.8838 -73.2763 10.0 6 P
2015 344 12 4 730 -58.8800 -23.9062 10.0 6 P
2015 353 2 10 43 360 -18.3819 169.3860 10.0 6 P
2015 353 15 3 26 20 -8.3684 107.0220 27.0 6 P
2015 353 19 24 55 570 -30.6053 -71.3057 48.3 6 P
2015 354 18 47 26 609 3.6455 117.6360 14.0 6 P
2015 355 15 43 54 828 -4.4354 151.9780 162.0 6 P
2015 358 19 43 53 141 -55.7550 -123.1160 12.3 6 P
2015 358 23 10 48 180 -7.2182 128.9770 119.0 6 P
2016 1 15 2 6 738 -28.6278 -177.2810 34.0 6 P
2016 8 1 11 51 20 -30.6635 -71.6407 24.2 6 P
2016 11 16 37 55 910 3.8966 126.8570 13.0 7 P
2016 12 9 45 1 430 -31.3385 58.1916 10.0 6 P
2016 13 5 55 52 189 -15.1703 -174.8750 263.0 6 P
2016 14 3 25 18 270 -19.7597 -63.3288 582.6 6 P
2016 14 11 4 8 777 -15.6408 -177.1560 10.0 6 P
2016 14 13 14 39 148 9.6862 126.3100 35.0 6 P
2016 18 18 24 8 445 -21.4088 176.1240 7.1 6 P
2016 21 8 26 11 580 -30.8890 -178.5870 123.2 6 P
2016 25 0 0 1 130 -19.5324 -173.3830 53.0 6 P
2016 25 9 17 40 801 3.1858 128.3680 52.2 6 P
2016 26 3 10 13 479 -5.3308 153.1680 43.9 6 P
2016 31 2 49 55 569 -2.8756 147.1270 10.0 6 P
2016 32 19 36 266 -30.7636 -179.9560 391.0 6 P
2016 38 2 30 400 -15.2157 -173.4000 51.0 6 P
2016 39 16 19 3 90 -6.6214 154.7070 31.6 6 P
2016 41 0 32 55 340 -30.5723 -71.5838 29.0 6 P
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2016 43 10 2 14 51 -9.6338 119.4010 28.0 6 P
2016 45 0 13 33 380 -43.5026 172.8430 8.2 6 P
2016 49 1 7 4 70 -56.2123 -27.6226 119.3 6 P
2016 51 15 51 12 809 -21.9139 -179.3590 579.4 6 P
2016 59 9 6 15 648 5.2757 125.3320 175.4 6 P
2016 62 12 49 38 109 -4.9521 94.3299 24.0 8 P
2016 63 10 40 390 -4.7940 94.4101 10.0 6 P
2016 63 36 22 648 -9.7645 125.3160 29.5 6 P
2016 68 36 18 410 -15.1081 -173.4280 33.0 6 P
2016 74 26 30 609 -56.4283 -27.0089 84.0 6 P
2016 74 23 25 29 977 -52.6136 18.7984 10.0 6 P
2016 78 0 31 15 880 -4.5473 153.0960 34.9 6 P
2016 78 12 49 2 910 -12.5112 166.6210 29.0 6 P
2016 79 8 51 14 920 -5.5662 129.4920 269.8 6 P
2016 86 3 24 14 109 -2.6503 68.0253 10.0 6 P
2016 88 19 6 58 750 -56.2536 -27.6408 29.7 6 P
2016 89 9 18 1 250 2.3874 126.1020 55.0 6 P
2016 92 19 24 45 367 -3.3585 144.8870 6.0 6 P
2016 94 8 23 42 318 -14.3235 166.8550 26.0 7 P
2016 96 8 29 10 949 4.2073 126.6510 35.0 6 P
2016 97 6 54 43 389 -14.1516 166.7010 35.0 6 P
2016 97 6 58 38 209 -14.0683 166.6240 24.0 7 P
2016 97 7 57 27 570 -14.2026 166.6390 35.0 6 P
2016 97 14 45 19 617 -8.2036 107.3860 29.0 6 P
2016 97 20 35 4 570 -6.0292 130.4300 118.0 6 P
2016 98 3 32 43 500 -13.9805 166.5940 27.6 7 P
2016 101 14 24 590 -4.1489 102.2110 41.0 6 P
2016 103 22 37 710 -3.7568 -103.9370 10.0 6 P
2016 104 18 21 42 727 7.7917 122.0230 17.0 6 P
2016 105 12 16 55 160 -14.4907 166.5030 7.5 6 P
2016 105 21 50 17 680 -14.5284 166.4330 16.0 6 P
2016 105 23 14 57 906 -7.4590 128.1240 136.8 6 P
2016 106 50 1 410 2.0125 127.0000 90.0 6 P
2016 107 34 10 500 -29.5755 -111.5740 10.0 6 P
2016 108 30 50 29 -23.4947 -174.2470 10.0 6 P
2016 109 13 6 0 891 -19.4920 169.0930 76.0 6 P
2016 110 25 29 939 -55.7283 -27.2307 14.0 6 P
2016 115 37 49 850 -59.3074 -27.0270 10.0 6 P
2016 115 22 24 26 461 -17.6976 -173.2030 27.2 6 P
2016 117 4 19 45 409 -4.5105 140.1920 107.0 6 P
2016 119 19 33 14 70 -16.0429 167.3790 24.0 7 P
2016 121 35 32 139 -16.3487 167.2000 3.0 6 P
2016 123 21 14 710 -5.0262 104.6270 117.0 6 P
2016 125 14 36 13 770 -14.8550 166.9340 26.0 6 P
2016 126 11 1 36 789 -8.9416 -108.2390 10.0 6 P
2016 134 12 57 17 320 -25.4822 179.3400 506.4 6 P
2016 137 0 41 43 270 -22.5170 172.9880 10.0 6 P
2016 141 18 13 54 680 -25.5655 129.8840 10.0 6 P
2016 148 8 33 949 -20.8101 -178.6480 567.5 6 P
2016 149 38 40 549 -21.9724 -178.2040 405.7 7 P
2016 149 46 49 777 -56.2409 -26.9353 78.0 7 P
2016 151 14 8 619 -30.2689 -177.9790 47.0 6 P
2016 153 15 37 13 277 -30.2228 -177.9540 43.9 6 P
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2016 153 22 55 50 797 -2.0967 100.6650 50.0 7 P
2016 157 5 51 1 549 -29.3424 -71.8594 28.0 6 P
2016 157 16 25 23 539 -4.5870 125.6260 429.6 6 P
2016 157 22 33 39 367 -17.6471 -172.6320 10.0 6 P
2016 158 2 35 22 390 -30.0235 -177.8360 43.8 6 P
2016 158 13 15 52 219 -30.0433 -71.4636 28.3 6 P
2016 159 2 55 13 920 -45.1528 166.8280 39.7 6 P
2016 159 19 15 5 328 1.2789 126.3710 31.0 6 P
2016 161 12 58 130 -11.2487 116.2670 19.0 6 P
2016 162 17 34 840 -8.6757 160.5590 30.4 6 P
2016 165 59 29 890 -4.4284 -104.8110 10.0 6 P
2016 166 13 49 12 629 -18.7609 168.8280 111.0 6 P
2016 169 21 26 7 656 -11.6148 166.3700 45.6 6 P
2016 170 17 29 36 457 -24.1467 -67.1526 186.0 6 P
2016 172 3 50 45 239 -20.2072 168.7600 15.0 6 P
2016 173 17 11 57 367 -3.4199 151.8800 354.0 6 P
2016 176 21 29 9 31 -25.7705 -69.3417 119.0 6 P
2016 180 22 46 36 609 -14.6436 166.4580 9.0 6 P
2016 182 11 30 23 51 -16.0558 167.4700 27.0 6 P
2016 186 9 25 29 461 -10.6273 164.9680 44.0 6 P
2016 192 13 41 43 328 -15.0284 -172.8760 8.0 6 P
2016 192 16 32 39 738 -14.6192 167.3860 164.8 6 P
2016 194 8 48 34 100 -6.4391 147.4610 43.3 6 P
2016 195 11 56 48 277 -28.0101 -176.4140 10.0 6 P
2016 195 12 11 2 828 -28.0052 -176.4430 12.0 6 p
2016 195 13 4 15 480 -27.9244 -176.5250 10.0 6 p
2016 201 5 18 30 260 -30.2523 -71.9722 8.0 6 P
2016 202 15 13 6 520 -18.9285 169.0550 167.0 6 P
2016 205 7 41 34 699 -6.7596 101.2170 9.0 6 P
2016 205 20 9 13 500 -15.1308 -173.6730 37.0 6 P
2016 207 8 58 20 789 -49.4848 126.2660 10.0 6 P
2016 207 17 26 40 219 -26.1049 -70.5074 72.0 6 P
2016 207 19 38 35 570 -2.9690 148.0350 14.0 6 P
2016 208 8 4 10 309 -16.0357 167.4490 31.0 6 P
2016 212 13 18 58 141 -6.9223 155.7930 37.0 6 P
2016 213 11 33 10 570 -56.2550 -27.5494 98.2 6 P
2016 213 23 39 51 891 -8.1940 117.8140 21.0 6 P
2016 214 42 41 250 -23.9646 82.5565 10.0 6 P
2016 215 32 19 490 -58.7240 -25.6076 35.0 6 P
2016 217 14 15 3 90 -22.3087 -66.0261 270.0 6 P
2016 218 12 34 5 289 -23.9450 82.4330 10.0 6 P
2016 225 1 26 26 290 -22.4778 173.1110 16.4 7 P
2016 225 3 29 22 850 -25.1679 -177.3440 114.1 6 P
2016 228 58 50 850 -15.6569 -72.0174 20.0 6 P
2016 231 29 58 750 -19.8593 148.7250 7.8 6 P
2016 231 18 9 33 0 -55.9195 -123.1970 4.6 6 P
2016 232 7 32 12 729 -55.2793 -31.8740 10.0 7 P
2016 232 17 33 30 520 -55.2088 -32.0731 4.3 6 P
2016 232 20 37 6 859 -55.2031 -32.1207 13.9 6 P
2016 234 3 45 13 739 -55.2775 -31.7546 10.0 6 P
2016 236 19 39 34 656 -7.2805 122.4250 532.4 6 P
2016 236 19 40 36 227 -7.2081 122.5410 514.3 6 P
2016 237 13 48 34 379 -2.9567 100.0550 17.2 6 P
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2016 241 7 23 40 809 -2.8041 138.4430 28.3 6 P
2016 243 8 8 59 830 -34.8983 -72.5297 19.2 6 P
2016 243 15 45 52 270 -55.3018 -30.3648 10.0 6 P
2016 244 3 11 26 60 -3.6914 152.7880 499.1 7 P
2016 244 22 4 25 148 -37.2078 179.1250 22.4 6 P
2016 245 17 13 55 898 -37.0443 179.0060 13.8 6 P
2016 245 17 35 50 559 -37.1775 179.0770 10.0 6 P
2016 245 19 18 22 328 -37.2249 178.7070 10.0 6 P
2016 245 20 4 5 789 0.5795 98.5337 24.3 6 P
2016 248 2 38 2 290 8.3822 125.9140 12.4 6 P
2016 249 15 18 53 809 -37.1374 178.6590 27.6 6 P
2016 250 4 13 25 159 -10.9588 165.9890 73.3 6 P
2016 253 0 3 35 90 -31.3743 -65.8031 156.8 6 P
2016 258 7 24 50 70 -9.3290 159.1670 14.0 6 P
2016 261 1 20 8 120 -2.1156 140.5720 10.0 6 P
2016 261 2 31 49 899 -16.0130 167.4310 36.8 6 P
2016 262 7 17 26 729 -2.0179 140.4710 10.0 6 P
2016 266 16 17 109 -59.4526 -27.3555 8.0 6 P
2016 266 20 1 969 -21.5120 33.3301 10.0 6 P
2016 267 22 53 0 398 6.5720 126.4920 65.0 6 P
2016 268 11 19 910 -1.8951 140.6280 10.0 6 P
2016 268 11 33 898 -1.8489 140.5580 14.1 6 P
2016 268 21 5 789 -18.1706 -174.9840 202.0 6 P
2016 268 21 28 31 711 -19.7819 -178.2440 596.4 7 P
2016 275 0 32 50 660 -23.6951 -174.9150 10.0 6 P
2016 282 19 41 11 359 -37.0997 178.6550 35.0 6 P
2016 283 14 46 16 719 1.7839 127.4300 128.0 6 P
2016 286 3 21 16 239 -5.3711 153.4720 21.9 6 P
2016 286 16 14 109 -20.9122 -178.5690 574.6 6 P
2016 289 3 28 139 -4.2701 150.3610 442.0 6 p
2016 291 14 48 369 -6.0526 148.8620 35.0 7 P
2016 292 16 36 31 770 -23.3265 -179.8430 540.0 6 P
2016 293 0 25 51 90 -4.8626 108.1630 614.0 7 P
2016 298 1 54 56 710 -36.0015 -102.6870 10.0 6 P
2016 299 16 9 51 648 -15.3871 -174.8270 10.0 6 P
2016 300 19 40 510 -15.5400 -174.8720 10.0 6 P
2016 301 17 39 660 1.3287 125.7930 56.1 6 P
2016 301 20 32 45 719 -33.7647 -72.5338 14.8 6 P
2016 302 5 26 45 910 -4.6721 153.2160 45.2 6 P
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1. 2016-17 7133 (ANAO7B)

$E2. W3 U BEHC

=

Voy. , . ,
N Date / Time(UTC) X T = Xl ApEt H| D
0.
2016/ 12/ 29 62° 12.21°S HE]Fo] AR
/ 09:44 158° 35.31'E (KRR4-MCO1)
2016/ 12/ 30 00:37 62" 12.21'S HE|Fo] 8
' 158° 35.31'F s e
62° 28.04'S calx| AlRF
04:47 o : R AR
156° 49.58'F (KRR4-DG00)
62° 28.13'S
06:01 . , C3x] $=
156° 48.98'F
06:49 62° 28.81°'S c2x] A& Eg x7|
' 156° 54.28'F (KRR4-DGO1) B
62° 28.95'S
07:53 e , E3x] $=
156° 53.74'F
59° 03.05’S c x| AR
12/31 / 08:49 \ \
152° 18.91'E (KRR4-DG02)
59° 59.26°S
12:34 . , = P =1
152° 18.69'F
60° 14.69°S 2t 3 0
16:19 o ,
151° 29.99'F (KRR4-RCO1)
60° 18.61°S 2} 3 0
19:45 \ ,
151° 12.99'F (KRR4-RC02)
60° 18.61°S HE] 70| AR
22:23 . , HEs2el A
151° 13.00'E (KRR4-MC02)
60° 18.61°S HE]Fo] B2
2017/ 01/ 01 00:17 . , fE.q °!
151 13.00E < line survey
54° 45.36°S a3
01/02 / 04:49 i , e
146° 10.28'EF (KRR4-RC03)
54° 49.36°S 2t 3 0
08:36 . ,
146° 03.40'F (KRR4-RC04)
54° 47.30°S 2+ 3.0j
11:25 o ,
146° 01.52'F (KRR4-RCO5)
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Voy.

Date / Time(LT) 2 x| ated X4 H|
No.
54° 47.99°S 2+ 9 o]
14:24 ,
145° 53.21°E (KRR4-RC06)
54° 47.59'S 2t 3 0]
16:30 o ,
145° 52.21°F (KRR4-RCO7)
54° 50.74’S 23
01/03 / 03:34 o , °
144° 35.99'F (KRR4-RC08)
54° 50.67’S 2+ 39 o]
06:06 o ,
144° 46.95'FE (KRR4-RC09)
54° 50.21°S 2t 3.0]
08:25 . ,
144° 53.08’E (KRR4-RC10)
11:07 54° 49.96’S 2+ 3 0]
' 145° 07.05'E (KRR4-RC11)
54° 49.79’S 23 0]
13:28 . ,
145° 15.50'E (KRR4-RC12)
54° 49.08'S 2+ 0f
16:14 . )
145° 24 52'F (KRR4-RC13)
1850 54° 47.57°S 2+ 3 of =g 3 line
' 145° 39.92'FE (KRR4-RC14) survey
54° 07.95’S 23 o]
01/06 / 09:02 . ,
141° 27.65'E (KRR4-RC15)
54° 07.60’S 2+ 4 o]
12:07 . ,
141° 41.11'E (KRR4-RC16)
54° 08.47’S 23 0]
14:38 o ,
141° 48.30'F (KRR4-RC17)
54° 09.52°S 2+ 3 o]
17:10 o ,
141° 55.53’'E (KRR4-RC18)
54° 10.06’S 2t 3 0]
19:34 o ,
142° 05.01'E (KRR4-RC19)
54° 10.74’S 2t 3.0]
22:05 )
142° 14.07°E (KRR4-RC20)
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Voy.

Date / Time(LT) 2 x| A 2 X« H| D
No.
01/07 / 02:03 54° 15.30'S 2+ 3 0]
' 142° 50.74'E (KRR4-RC21)
54° 14.96'S 2t 3 0
04:40 o ,
143° 06.33'E (KRR4-RC22)
54° 14.80°S 2+ 3 0]
07:17 o ,
142° 21.70'E (KRR4-RC23)
54° 14.57°S 2+ 3 0
09:30 \ ,
143° 29.85'E (KRR4-RC24)
54° 14.44’S 2t 3 0
11:30 o ,
143° 32.48'F (KRR4-RC25)
54° 14.20'S 2+ 3.0
13:42 . ,
143° 36.94'F (KRR4-RC26)
54° 14.11°S 2+ 3 0]
15:47 o ,
143° 41.40'F (KRR4-RC27)
54° 13.99'S 2+ 3 0]
18:30 , J
143° 48.03'F (KRR4-RC28)
54° 13.80°S 2t 3 0
20:00 o ,
143° 52.22'F (KRR4-RC29)
54° 13.44’S 2+ 3.0j
22:00 o ,
144° 00.74'E (KRR4-RC30)
54° 15.58'S HE] Fo] AR
01/08 / 01:04 . , 280t Al
143° 51.33'E (KRR4-MC03)
- 54° 15.58'S S
' 143° 51.33'E s e
0391 54" 13.65'S HE S0} A%}
' 143° 57.08'E (KRR4-MC04)
54° 13.65'S
05:14 HE]Fo] &85
143° 57.08'E 252l
54° 16.65'S calR] A&
08:43 , ,
144° 23.68'E (KRR4-DG03)
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Voy.

N Date / Time(LT) 2| AT =Y K| AbE H| D
0.
54° 16.65'S E3x] 3=
10:42 o ,
144° 24.52'F (KRR4-DGO03)
54° 42.00'S HE]Fo] AJR Z£3 3 line
01/09 / 01:37 . , 2Hzet Al o
145° 22.07'E (KRR4-MCO03) survey
54° 41.99'S
03:39 dE]Fo] B8
145° 22.07E 2Fa2e]
54° 23.24°S calx] A&
06:55 . ,
145° 26.75'E (KRR4-DG04)
54° 22.87°S
09:19 \ , C3x 3=
145° 26.14'E
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2. 2019 A3 (ANAIOA)

Voy. , ) )
N Date / Time(UTC) B oA 2t X|2l At H|
0.
2019/ 12/ 11
A=A TEST 5 Knot
/ 21:00 r=A
10 Knoto|A
23:00 A=A B @ line survey 8 Knot=
7
64° 31.73’S 23
12/14 / 11:30 . , §
176° 27.40'E (KRR5-RCO1)
1500 64° 29.36'S 2+ 7 .0] 23 3 line
' 176" 34.10'E (KRR5-RC02) survey
19:45 A=A EFAL @ line survey
64° 17.75'S a3
12/15 / 02:03 . , §
175° 21.47E (KRR5-RC03)
04:3d 64° 16.06’S 2+ 5 0] £3 3 line
' 175° 26.58'E (KRR5-RC04) survey
09:30 A=A EFAL @ line survey
63° 52.93'S cIK] AJR}
12/16 / 08:38 \ ,
173° 45.30'E (KRR5-DGO1)
63° 53.20°S X 58 3
10:30 . , i ] o
173 4491°E line survey
63° 46.64’S 2+ 3 .0]
19:50 . ,
173° 16.45'E (KRR5-RCO05)
19:50 63° 43.58'S 2t 3.0] Z£3 3 line
' 173° 26.27'E (KRR5-RC06) survey
63° 46.62°S ZEX] ARF
12/17 / 06:32 . , A7 Al
172° 43.58'E (KRR5-DGO1)
63° 46.22'S 2z 23 &
08:22 . , A o
172" 43.73'E At &a} @ line survey
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Voy.

N Date / Time(LT) SIPN o At X|2l A}st H| 2
0.
63" 17.75’'S 2+ 3.0]
12/18 / 06:30 . ,
170° 48.07'E (KRR5-RC07)
38 3
63° 24.16’S 2} 3.0] T
09:32 . , A gAar A
170° 23.92'E (KRR5-RC08)

line survey
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