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SUMMARY

I. Title
Research planning for the study of Earth evolution recorded in the
Antarctic continent

II. Purpose of Research and Development

O Elaborating master-plan and action-plan for geological researches in
the Antarctic continent

O New research plan for fulfillment of basic strategy of “from the
coastline to the inland Antarctica” (3rd Basic Planing of the Antarctic
Research Activities, 2017-2021)

O Intensifying continent-based research in relation with the research
outcome goal of KOPRI “Developent of K-Route and Establishing
Continent-Based Field Research System”

O Targeting research items out of those in ongoing R&D project
(2014-2018) of Ministry of Oceans and Fisheries, Korea, in order to
deepening intellectual merits

O Plans for pro-active research project with scientific excellency
embracing birth and evolution of the earth, formation and break-up
of super continents, Cenozoic (sub-glacial) volcanism

Il. Contents and scope of research and development

O Analysis of outcome of the previous researches and other latest
researches

O Developing research subjects to lead geological/meteoritical
researches

O Plans for international cooperative research/expedition to the
Antarctica

O Analysis for economical benefit derived from the outcome of the
planned research

IV. Results of research and development
O Development of strategy for the new Antarctic geology/meteorite
research project based on the state of art of the resaerch field
O Detailed plans for the specific research items and composing
inter-relation among the items
O Building a framework for cooperation among national and
international organizations

V. Application of the results from research and development
O Basic strategy paper for the new research project on the Antarctic
geology/meteorite
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Mineral Resources of Antarctica

(United States Geological Survey, 1974)

Petroleum and Mineral Resources of Antarctica

(United States Geological Survey, 1983)

Coal potential of Antarctica

(Bureau of Mineral Resources, Geology and Geophysics, Australia, 1987)
Studies of the Geological and Mineral Resources of the Southern Antarctic
Peninsula and Eastern Ellsworth Land, Antarctica

(United States Geological Survey, 1988)

The Undiscovered Oil and Gas of Antarctica

(United States Geological Survey, 1991)

Explanatory Notes for the Mineral-Resources Map of the Circum-Pacific
Region Antarctic Sheet (United States Geological Survey, 1998)

GIS Representation of Coal-Bearing Areas in Antarctica

(United States Geological Survey, 2016)
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o rjoJof2t: The discovery of kimberlites in Antarctica extends the vast
Gondwanan Cretaceous province (Australia, Nature Communications, 2013)

e &: The Dorn gold deposit in northern Victoria Land, Antarctica: Structure,
hydrothermal alteration, and implications for the Gondwana Pacific margin
(Italy, Gondwana Research, 2011)

e 2 Ai(prismatine): A treasure trove of mineral discovered in the Larsmann

Hills (Australia, Australian Antarctic Magazine, 2007)

o LIS XIA (ZE)

A 75 R A .
- ) ;
./ o \
Y /
- : s e -
z >
;.' = /- : ANTARCTICA
filo 7\ e
- X “é v S =
Ry .
i i \‘/
D :
E'J‘ 2
B0 [E TR EA Mol
2o SEIR0]| 5 LE!
24N ClopfE=e| 2gio=

2298 US (Yaxley, 2013)




O 0Z, 9% % A 5 AEHNA IIAT FYIP GNAL
o2 xit L ATE APAT Y stet] A2 FRY Bl ol
@]

=

ol
2 _IIJ
'11
ri©
of
Jgu
=
A
2
i)
2
of
M
opi
2
2

LI
o2 3] HSt 344U FAE AR

= =2 O 1 a
Chinese scientists have picked
B e a site for the fifth station,

- which will be near the Ross Sea.
| Construction will begin as early as
Ty nextyear. The US has five research
) stations in Antarctica and Russia
has eight.

1

GreatWall

¢ and Zhongshan
# Built in 1985 j\ » Built in 1989 » Capacity: 60
* Capacity: Up to BO people during summ L, H

Kunlun Talshan
® Built in 2009 # Capacity: 25 ® Built in 2014 # Capacity: 20

Source AFP PHOTOS: XINHUA  STRAITS TIMES GRAPHICS
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Table 1-1 A list of main research fields of new Chinese station on the Victoria Land, Antarctica
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Chma eyes Antarctica’s resource bounty

STARSY:#STRIPES o &=, 20144 | 57|%| Z44 AIE] Ol=, S=STHS REA0)| CHSt

ZIA EIZEEA _.H._:g
China is boosting its presence in resource-rich o MTH ZVIE XEZE0I HEHES 71x-||

Antarctica
=y o ZEXIRO| TEF HA (55, Halus)
Q’ Radio Free Asia o [l

o LTI 2 oITma} X} SO D FEH FA| Lff

i (£F, 2016 0]5= 20142 2.16=2))
Does Chlna Want to Explore Antarctica, or T -
Exploit Its Resources?

20447k 2,162
n RA LI=0)l At
Considering China’s strategic interests
in Antarctica

0INEWS

China's interest in mining Antarcticarevealed as
ewdence points to country's desire to become

30| S ES OIS M BUM(ET, REsS) SFHSTAMIEN2016)

9y 1-1-7. g3AAY 3YFY B 2 FFY 43 AGIAUL TRA wers o
2 Ut 92 weel olo] ot £ YIREREC] Her 1K

O @xl 7|7 YRR G2 vkmop Eue QdIx|olo] AHLEA|7}
AstEoloj A Folmel AMATLE ofUAIY, 2N T He AdA
LEAQ FIETA] ot F24o] £ A5IIAE JWlor: BA
9l 2RI ThE RAteH QLS 23S o= oA

O %3 AM571x|9] CEEol MAIEl 7]1A17]4 AujLols F2ECHwo] 7]
ulote] AASHY Aqst 2@ FAlR UER}ole. AASHA dugo] 9
of 9aluebt 4astn Qe REI We WE F=2d oz oy

olo] Tst @] ol o]2ojxA] % Ue

O g srozste AAATY] Ao A7 Faol AHS WA A
o] A7 FEUS ARt G B Festo

2022971%] el utete] et 2AMQ K|As At WRE o A

—

7t
O 3= A% 5 AT E=8+=59 =5 A2dol ol -=u=7t
o] 3 ’ A 3X} [ e ) N E= A R | -3

a 1w = 0 v o

I‘HI l‘ll‘
)
ow

5(2018-2022)S B 2717} ojeis



1T = =15 = =

ojgle Wolng olF UAT FANY MAW ety A7 YA
dAUSAAARY K&A 3 L ARG |25 Chdt ALRopo)
A" 29

o M4zt T80 I87 I (2018-2022): o SR SRS ke
ST [=120, i - SEHX|-SetSzt aizas0 =

' e QST HOWHZN J0iots Y37 MES

olZapr|& L ‘ — -

o H[5x} SHRIRFRITHELT [EAE (2013-2022): .
SHMZIEERY = 3K Z£8 ARz | ¢ JlSHol WHH BE S 22 0160 HS
2=3517| 95l HIFEA )T} Ci=o] | BE| e« oN0a N2)IsY Y3WFUS NI 75 - 2
x| FE = o o 53 M7 2 HEANAN AU AT D

E- ]

o MIE7IX| E£3 305 TS 718

T8 St S2Y AZW 01X - UHS

B
USDal 0% - 01=9 a7 Es hx
) T - St & A% e G § - =9 6 5

2347 } =t}
Xigdo|
=1

sag | o
Hgiﬁ* } 23 IR 20 YRS S BEHY 29
HHEA
7 U3 BHET 9 HEsEoH UE - ME

CIEE) ] } .




2. FRAZ|X] 7|89k A A-24 AFA|(2014-2016)9] Adat
O FIAATAE 20149 FRNI|A] FF o]F R APREAS T Y]
Ezgjolie x| X|ZFXIgF 4l sy o

3%
O AqtAl= 471 NEFA (1) 305 A AL 5, (2) 95

9l E
a1

ofhe AAQPE AT AARER AL, (3) SAYAF U B/dF 4
2jotde %] dat R =

2.1, 930G A2 15

O Yatle PAA|AE x0] Ao FRuIIKE FAORF uELo}
C s}

ME 4 ARBEE FRstn ARl b, ARG ofF Yue U
stelon], A2 Gl £
O olg Zolle Mol gt APBES AT + A- 5L

o WIEZ|ORIS A | T

~REER(0RIE
2014 NVL1 BEA}

'%{ 2015 NVL2 gw

- ’gs_:um
2014-18
FRTA S MA

O HER|0RIS 4rf 7{E Y=
mu.xeﬂ:mamw

© ASCH XA} XIY

e } $ 8 H"'E?-IOR%_ B SR
%, : i 2016 SVLTEAL [ A AMSCH SRR} RIof
; SV "
B oezepiEt sm ; ]
’ u ARSI
SR fRUS A7 S 2 BIALHRIR e ik

o 2014155141 8H-5-0| &2 20| HE =0 KIEZ390km)

a3 12-1 5y APALAY som #wE o] J2ThE AR (NVLI, NVL2,
SVL1)3} ofo] tigt Hug Sge Wket dAAYRAE

_’IO_



Aol g

o] 7]9is}

=

12548 SRS

1

APHE 2% AFLE FtAT

dade 4g Hojo] Uepy

]
o%

<

ol

o0

Kir

oju
ol

€} APdATEore] A

wro) sapo},

]_

R

<)

ol

o

U S

oD

o

o WEaoRI= BE

20199 & o7

o

=

1=
=

Sh

g

© 1254 ikl 7 [RX| 8

=)
=

=
o

of Holf=

Kr

4l

i
<

o LEALREY

A YE2 RIS
o =0y

Heuz

Punezrm

|

7:

=

HE

S

=
T

S3s

=R U7HoE)
HIER {0 RUS 3101 O} 60 OFR BISTAL

180°W
EHSTI%o] UsIH0{0fIM LIEIL = 1254 2Hhix S|
7120| Sh=ERIE XEERAE Sl 2 IEREIc=R 1Y
-1 -

(Leeetal,, inprep.)
wu 2o spggol A2 A

oy
o] 71A

=

o

1254 }AExf

|

L.

FAIE 24 Al

1-2-2. AAAA A7 2 A,

SEW || 55 30 km BHESH

W B B4 §E 250 flof A

SHAEEL2F SR 0] Of

KBS © NEWS
gz
g3

a

daAelolA LEpY

a2l



xe wW7kstol, o] olefe] 7| Z¥ A Eo}

O ZABI7]A|

< B% W
B e oo
[ i
? " ol =
i -
i —t 3 o up
,..m L AN H_Al ,_N_._._
. &0 o o
BarS . o K- B
* T - 7A
. o oF TE
as e 5T T
wro %r ar
4r of 3
K T s
o
Y
v ) <
F 4 __ .
m« < S %ﬂ T
4. k s
-~ /s 9 o up
_ i I - R
= R S
53 %0 _ © B
: N o G] S wr
h B o XS g
_ KF 0 _I__mo o
= ®ODE &
i ~ _l_A 1o 7A_.: ]dl
== T ™ o — V5
— = m D;A s
m H WM m ¥ mwm.ﬁ. o __..UU v .AT O_v_._
S R | | Hm wwﬂmh
{ I 2 . | o
= L H @ ! S
vAO Pty aD Qm
. - M o O

_12_



/
M = T &
) 0 ofo
& o i ;
; T} 5
¢ = 2
< o . -
¢ wo XT mm_‘_ h 5
o}
. 227
g &b 58
g == - 5
E ®° m,_ 2
oo o 2
§ IS fr s
T & = %o
m nE Lz
i} K- B T |
% 2 S
il 5! S i W
Ik 55 R 5
lar] A U
17 o A
: _ﬁ}” MT_ 2 W_M
o o | ;
2 o - &o %0 -
s op o] KV ) H .
L % _Aﬂo_w oK ot At
= o N m_ﬁ KE 5
= —_— ) __v/Al m_nlu __.,n__.ol mm._
i w_u 5K g/ mm ol
g w w o @
T x oh R = % .
oo K oy 7o e
i ok Kk 2
w D ° " -
© = Foo op g0
O

_’]3_



ji®

‘—mqumnuun;q

ﬁilﬁ"@' &

LA-ICP-MS, MAT 253 plus,
23 1-2-5. A2 F8 Rt Y A (EF YREH AAYEe=)

(o]
LA-ICP-MS, MAT 253 plus, AtA =914 ZZefol, 27| =9 UA A7,

2.5 %

ol
o

O 2014988 233 APWAS 53 IITFAN BEL 4 Ut AH
d

A 247183 Qg Sussle

O olg vigoz 201849 48 WA A7HNSEE AT 208, BHPA
A QTR 9, BAYlE ATEE 8US 2T

2 w2 AR LASEEE

Oxygen isotopic fractionation of O2 during| Rapid Commun.
1 |adsorption and desorption processes using| Mass Spectrom | 2014 SCI

molecular sieve at low temperature (28, 1321-1328)
Chelyabinsk Airburst, Damage Assessment, SCIENCE
2 Meteorite Recovery, and Characterization (342, 6162 2013 | NSC
o 1069-1073)
3 Chemical and physical weathering in south Geochim. 2013 -

Patagonian rivers: A combined Sr-U-Be | Cosmochim.Acta

_14_




isotope approach

(101, 173-190)

Melt inclusions in olivine and plagioclase
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1.3. =

o

27 A¥e 5% AFYR A7

1.3.1. 7ol HaX

o
O S 7A Atol9] =& planetesimal (X7] kilometer-scale bodies)

ke

o EfYAIY AESA Rleto] Fast dLS St

O ol2igh Z&o sl A7HAl st © A2 Al BANAN FHE =32
=°0] A2 SR F=dte S AAM AR9 Aol JiHL Mz
=4 #x 2 Aske 7he apgdar ALkt g2 s3] UiRo dist ThA]
s 9 53U

O =g &3 =i Ades Haide ARl ez FEstA-2dstA 24 7]s
= A& AAAR HolHyo]lAa &5 Zledsfiof &

O o|Z &3l otA] &I A] 9f2 Mz &= 5o tieh ¥ix 24 d+=
g &+ As

O Add A Alg=o tigh §d 7H57] Aldat 12-39 =9 oA
o] AARRE 24 Zles AT 2N A JPAIY 24 FH Het A=
Ardozn B4 F4u Alet o dist M2e FEE Als

O E3F &4 FEAIY A S &4 A& Aoz X|3eh 3349
Alst ubgo] gk olsie &4y

1.3.2. 24 F= 24 4+

7. o9t ¥ira7H4 7] (TPS, Taiwan Photon Source) 1XF Al

O 2 ATLoA] o] &3t thot wrAbL747] (NSRRC)Q] TPS (Taiwan Photon
Source) 21A ®2pl2 X-4 U o]8 wlefeloly, ulAltx A2 flet
XA (FORMOSA, FOcus x-Ray for MicrO-Structure Analysis) end
stationS 7HX|aL Q&

O End station& 2D/3D X-ray Laue 3]A, Uk X-ray mapping, X-ray
fluorescence/mapping, X-ray absorption spectroscopy =o| 7}=3gt

O E ALA = Laue gAY X-ray fluorescencesS o] &

O A&+ 7I2 5 mm, Nl b5 mm F7]|9] ¥HHZ FH|5I o0, Laue 2|A

S white beam& ©0]&5tF 1L oA ¥HY= 2-26KeVo]l Pilatus 6M
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detectorg At&

O Beam size+= toroidal focus 0]2|e}t st #9] K-B 0]2{7} 287 focusing
A0 2 e o] Qlof 100nmoflA F7

O X-A &L BAL Burker SDDZ 0] 835191 step size= 5 mmo| 1, =&

N7t 0.2%2 EA(Fig. 1-3-1)

O & dFolMe 2014920 E= 22 1 Z(Reckling Peak) A|ofjA]
A% ZE2olES RAMGIYA FEolE TF2 CM22 FAHED /W
Ag ks

O RKP 14005 ZctzlolE Y LY=xAS dotd 7] sl gt wARG 7S 7]
(NSRRC)2} iAlchstn AgAle] 2jobe o] §algin, IA|ALANA A2t
st utHo=z FAM(Fig. 1-3-2).

o urAbay

(o] o

L. A|2SEM 3 XRFE 0|83 2 4 4 &l
O RKP 14005 Z=2polE Y = = £%¥9 boundary F&2 tith
ARE7HEZ] FAPIALADIZ(SEM)e = ofn]x| S #S35kal(Fig. 1-3-2¢),

Lave 3% 247 XA FEaL A4



O &= d& 799 boundary £&9] 7t2 200 um, A2 200 mm YIS
zgstgon 24 2At 3% 9co] Ymuta ¥ AY TR 54
ARdoR stol o2H Y BAY Wom A4sE & 59 540
TUY o 59 AT 02X Yoz HAY

O Wew B2 FWO| boundary £EES XA FY A Zum 74 i
= Fe, Cr, Ca, Si, Mg, O, Kr, Rb, Ni, Ti7} &Ajo}= 7oz UEeS
(Fig. 1-3-3)

O AHEA] wAH Kre s ¥UA] 7FA=2 RKP 14005 ZEtz2}olE
trap Fo] Q= oz AZHY, #dd Rb O3 HY 429 JUA
dAvlE 2FE W o] &%= Y42 Rbo EAfH|S Eof RKP 14005 &
cajolEo] aged QXot: KAXIE 0 R% 4 9lg HO2 uY

O %3k, Fe/Cr/02 FA=E AmEeExd  Ca/Mg/Fe/Cr/Ti/Si/O0 =&
Ca/Mg/Fe/Cr/Si/02 A" AMEH Ca/Fe/Cr/Si/O7} UEhtEs A
e, Fe/Cr/SI/02 74T Asledo] EAls, ol Fgit B8 &
¥l boundaryol] Edjst F2ol 455U L & UL

6 8
Energy (KeV)

. RKP 14005 Z&=etolE W &

23} 32 2= boundary £89] ¥fARLIIA 7] X

t}. Laue 3|&E o|&3t Q9 B4 9l
O RKP 14005 ZcctolE Y LE1 FE £ boundarysS Laue A B
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Ast  Adb, olivine, fayalite, orthopyroxene, opaque grain<
chromite, & 47/X]9] F&o] EATS =l
Olivine ((Ca,(Mg,Fe)),SiO4)
- A "Hx| F=E olivine ((Ca,(Mg,Fe)),Si04) 0.2, forsterite?} fayalite
E-C DT D
- F=% F&E &% boundary FoA FE Fio SiFEHE Xoly
olivine©] multi grain® 2 &Ast= 7102 UEehS
- A WA olivine grain® ZAXAMZA (lattice parameter):= 2=4.796 A,
b=10.298 A, ¢=6.038 A2 7]&0] L%l olivine?] AR QA}Zro]
0.01-0.04 A2 2 zlo]x gt Zoz B
- Qa2 7t (Euler angle)& w= -27.511°, 6= -37.869°, ¢= 32.704°=%
rotation angleo| 59%0°9l 7o 2 ERS
- % WA olivine grain® ZAMts= 2=4.802 A, 2=10.289 A,
c=6.037 Ag Uehgon 093 zZte w= -9.097°, 6= -12.290°, ¢=
-50.990°& rotation angleo] 5491 AEjZ2 &EX|
- Al WM olivine grain® ZRMrsE 2=4.814 A, p=10.294 A,
c=6.018 Aode] 7+ w= 42.010°, 6= 14.853", ¢= 84.205 2 rotation
angleo] 88&= 2 EA|5t= 7oz LERH(Fig. 1-3-4a)
- Olivine W 2719 &4 AfolE (M1, M2)7} &Afst=t] o] At2]d] Mg,
Fe, Ca’l 5&stH £A|(Fig. 1-3-4b)
- olet FAlO] XA HFFFAME Aot B, 4 ¥4 Ca, Mg, Fe,
Si, O, Cr, Tig =lx]AtHFig. 1-3-4c)

obd, 2849 2AoA FHH olivinel £7] HYAIZEEHO ot

‘:—' o
WS 22 EA2L TSHEC, B AN 589 olivine 7|
R0 g A4, A2E, tiayg, A olee dat zIstl AIS &
A 0]O.

T xx o
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Energy (KeV
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O Fayalite (Fe;SiOy)

- & 9K FE2 fayalite (Fe;SiO) 2, $19] olivineo] EAfst= X9 &
SHOA HHAHYJA T multi grain@ 2 EXfst= Aoz UG

- R YA fayalite grain® ZXHAZ (lattice parameter)= a=4.798 A,
p=10.504 A, =6.095 A=Z 7]=0] 227l fayalite®] ZA}AIAQL Q X}ZF
o] 0.01-0.02 A& =2 #lo]= Q= Zloz Holg, Uz 7+ (Euler
angle)& w= -49.680°, 6= 38.568°, ¢= 41.743°% rotation angle©| 69%
2 mxjols Ao Uehd

- = W] fayalite grain® ZAXFAZA (lattice parameter)= a=4.831 A,
p=10.416 A, ¢=6.102 A2 UEFon, 948 7} (Euler angle)d w= -
30.137°, 6= 43.962°, o= 84.957°2 rotation angleo] 101=2 ZEX]

- A YA fayalite grain® ZXpAIZ (lattice parameter)= a=4.800 A,
b=10.625 A, ¢=6.037 Aolnj, o2} 7t w= 10.928", 6= 10.424°, ¢=
0.524°2 rotation angleo] 1522 ZEAst= 7oz eI (Fig. 1-3-5a)
- Fayalite U 272 &4 APo]lE (M1, M2)7F &Ast=H 9 oliviney}t
tt27| o] At2jofl= Feqt EAHetth(Fig. 1-3-5D)

- XA FEEHer 2ld £0 A4 d4ae Fe, Si, O, Crojt, Krit
RbE UERH(Fig. 1-3-5¢)

- Olivinex} OREI7HX| & fayalite Wof Cro] &Afstil 9

1 BFAOY, olivineo| A= WHEX] &FH Kry} Rb7F A

18
|m
o
=
iw i
U
ol
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Figure 1-3-5. Fayalite®] (a) Laue & BAy} (b) i+t&2 2@, (¢) XA

ogh

O Orthopyroxene (Ca(Fe,Cr)SiyOg)
- A H"x] orthopyroxene grain® ZAxMt4 (lattice parameter)=
a=18.402 A, »=8.923 A, ¢=5.285 A2 7]&0] ¥3%l orthopyroxene?]
ARPEaet @Al 0.0-0.09 AR 2 Aol Qe Aoz ¥
- 298 7F (Euler angle)2 w= -6.726°, 6= -22.861°, ¢= -78.339°=
rotation angleo] 83& 2 &EX|ot= 7oz e
- = WA orthopyroxene grain® ZAAPAIA= 5-18.406 A, »=8.968 A,
c=5.257 A2 Uepton, o 7 w= -7.499°, 0= -22.799°, o=
-76.386°% rotation angleo] 81& 2 &EA|5t= Zloz U e
- A YR orthopyroxene grain® ZAXAFALE 5-18.460 A, »=8.992 A,
c=5.227 Aolt], oaa] 72 w= 19.058°, 6= -38.744°, ¢= -27.800°%
rotation angleo] 58= 2 Z&EA|st= 710z UeEPH IH 1-3-6a)
- Orthopyroxene U M2A}2]o]] Ca, Na, Fe?, Mg £& ©24 Zn, Mn,
Lio] x|ge]=t] & A|HS /3t Sl orthopyroxene Ca®t FeZt
=
- M1 Afe]= M2EC} o]&9] 377} ARS Cr, Al, Fe*, Mg, Co, Mn, Ti,
Sc, V7F At|@ 4 Qe 2 AJ#Eol= Cro] EAigds & & Sl3(Fig.
1-3-6b)
- XA FEEAeR Fl" £9 4 ¥4 Ca, Fe, Cr, Si, Oo]H, 3

g @Al 7EAQD Kro] trap® o} EAflst= A& & 4 SlS(Fig. 1-3-6¢)
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(b) ©

100-Q
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E 50 Cr

=]

&}

Si Ca & Kr
0l
0 2 4 6 8 10 12 14
Energy (KeV)
2 2-3-6. Pyroxene®] Laue (a) Laue & A3} (b) +t&2 2, (¢) XA FF EA

O Chromite (FeCr;0O4)
- I+ (space group)2 Fd3molt, A WA chromite grain® ZAXA;
2 (lattice parameter)= &=8.322 A, %= W grain® ZARMAISAE=
a=8.432 A, M| W®| grain® ZARAIAE= 5=8.255 A=z UEII(Fig.
1-3-7a)
- & AlHo| EAj8t= Chromite= Cro] Atael WHA| S o]Fil Fer} 4F
A0} AMHAS o] R0 layered FEQ] 25 714l (Fig. 1-3-7b)
- XA WEEAS B8] AT F@ T4 daE Fe, Cr, 00]0], Kro
trap®lo] U1l Rb® EAYstti(Fig. 1-3-7c), chromite?} £A[ot= 712>
RKP 14005 ZE2to] E7} Alstatols 24518S A4

(b)

& —a “8, 14
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<18, Liafast Fe
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58, =12, ‘j“ 41l 12 14
gz &V
PRI I e R AT R VRS T
g 10, 14

.21
1%, 514, 16

I
| I
cr I | Kr
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Energy (KeV)

e

Z ‘5‘1,% 1 :115 1
v 4116 13 ,
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=

4,6, 6
71

A
atl

B

% 2-3-7. Chromite?] (a) Laue & 43} (b) +t&2 24, (¢) XA g

2}. Micro-Ramang o|&3F 39 HAZAF &9l

O Laue 2|A& ZutS vigo=z AANOsty ZAAstALAS] 2iehE o]8-5}0]
i

RKP 14005 Zt2}olE ¥lHE =7
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O 2f7t2 HoribaAte] 532 nm g5 AR&sto] 1800 gratingofld 180x %
7d

O Olivine2 Mgel Fe &Afjdlo] wef 2pgt m37F tha A Yeu=td], Mg
stafo] =2 olivine2 826 cm 1} 858 cm™ FA oA UEhta, Feol &
o] =2 olivine2 815 cm '} 836 cm™' A oA UERS

O = A|Hol|A UERY 823, 826 cm'9} 854, 859 cm! afutm 3= Mg

2 olivine¥ 7oz e (Fig. 1-3-8)

O Pyroxene type©f| w2} 2}9F M3 7} 25 27 YERY=0 triclinic
pyroxene< 655 cm™ 2&2F 990 cm™! &oA AE]H, monoclinic
pyroxene 28t 37} 660 cm™ AL 1000 cm™ FA oA TEE

O Orthorhombic pyroxene2 660-677 cm™' $FAA A broadstA e}
o, 1004-1010 cm™! & oA broadstA LERS

O 2 AHE &A35 Ay}, 667 cm '1} 1011 cm™'9] 2}9t 1] 27} broads}|
WAFE] o] orthopyroxene?l 7oz mohel(Fig. 1-3-8)
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Kim and Cho, 2008).

HEN-TASIA-TAO|E AR AUAZ o] 83l0] Grtwel BPL o]k Yo

=
2HE £AS ex-gal xALS 660+£100 °C, 25+3 kbar(Mp)2 23A U Zr
gepozRE £33 & £UV UAA(Fig. 3). AFA-TAA-HAo|E A&
AYAE olgolo] Gritt B2 ol !

(Fig. 4). Qojsh DRolA] 2HE M, SE-92 A7 A FA-THALS A -1}

O|E R|2A|UAIt 584 W Zr FFoz AT 2=-48 Yt IR (Figs.

3 and 4).

olelet Ane FH A 2P EL Mi~M% My 5 ol 2

3 ol 2EAfO|E Ao WSS AL A WA WHAE o5 oF 80~85

km 707t AUEAL, £ WA WAL ols] oF 85~100 km Zo]7tA] o]
7oz =l

2 xgol Lojut

o
[m]
=
~
g
=
E]
i)
=
i

_70_



35 1 I I

(km)
M3B Grtmas—Phm3s—OmpMss
~26 = 3 kbar, 720 £ 80 °C (n = 4; 20)

30 100

25
)
Q
==
)
> 20 = 160-230 ppm

460

@ M2 Grtm2—PhMm2—-Ompm2
o

~25 * 3 kbar, 660 + 100 °C (n = 4; 20)

=
(&)}
I

Grt—-Cpx-Ph

) geothermobarometer _|
R T ——— Zr-in-Rt (ppm)
SSHE= geothermometer

Di-Pl symplectite L T Jd-in-Cpx
""""""""""""""""" To.00 -------- geobarometer

10

=
»

(Error ellipses are 20.) T 20
1

500 600 700 800 900
Temperature (°C)

9 243, REAYA Hah AFA-BASIA-HxtolE A XY (Ravna and Terry,
2004), 24 U Zr ¥ K 2A(Tomkins et al, 2007), DARIA U #4< @2k x|
(Holland, 1980, 1983)% Ap&3h

_71_



(a) Non-fractionated bulk composition MNNCKFMASHO (b) Grtw1 fractionated bulk composition MNNCKFMASHO
25 T 35 T
All assemblages + Grt + Cpx + Ms + H20 ' - (km) All assemblages + Grt + Cpx + Ms + H20 I ' (km)
80 Lws Chi—  Lws Lws Coe
Lws Tc Coe Coe ,
30 = 4100
Lws Tc 5 —':’e’/////
Ky Ep Qz 1ro chl E Tc =
/' Lws Tc ?;., gr':l
Azo K‘Z”;’ Ky TcAmp ,\25 [ himp Ol = b T Ao i
5 RE e = ¢ on Qz
8 2 Lws Amp% = Amp
= = chl o Chl
§ ; 20 | gLy Amp
g @ ) Kfs. NmK(s(*hv “i 60
o o ATD gl PSS (P
15 15 Bl
W00
P w ]
10 Amp Pl (=Ph)
Amp P . Pl Amp.
o o Kfls (-Ph) 4 ul\— wet slolldus of k?asalt /o Cenl 20
500 600 700 800 500 600 700 800 900
Temperature (°C) Temperature (°C)
(C) Non-fractionated bulk composition MnNCKFMASHO (d) Grtwt fractionated bulk composition MNNCKFMASHO
25 T 35 T
All assemblages + Grt + Cpx + Ms + H20 | ' (km) All assemblages + Grt + Cpx + Ms + H20 I ' (km)
480
Grtm2 and inclusions Grtm3s and inclusions
B GCP thermobaro. (n = 4) GCP thermobaro. (n = 4)
30 [ |25+ 3 kbar, 660 £ 100 °C ~26 £ 3 kbar, 720 £ 80 °C 100
470
20 25
5 B
£ 2 Grtm2 outer
o 1% domain growth
5 520F ~22-25 kbar,
2 @ 630-680 "C [ Je0
§ Eb 5 =5
15 1°° 15} 3/ I S L
Rt O A ’
" Ttn T A ]
Jda0 10 F £ /
o 420
10 1 1 1 1 5 1 1 1 1 1 1 i
500 600 700 800 500 600 700 800 900
Temperature (°C) Temperature (°C)
1Y 2-4-4. JEQE AF o 2 RAfo]EofA Al4tgt 2=- YEIP L. (a, ) F= 2O
= o Q= =
FARSE & 7i9] o2 2At0lE Algo] AUHRAI FHats ol&siA ALt (b, d) Mn &%
o 5 H x = 5 s o
o] =& AFAZ A AAGRAIZ AL —TLOJ HEIE. (a)2 (b) FEBI =N =9
< BY 2¥Y AREE UEHE Ze 2=-99 UM ARA, TARA, #IXtolE, F2
ERet.
= slu = = =25 = o &
O AET MuoA] AESHE o 22AIE AR 2EF HolE AME WA
= = = = 5 L= “
Ego) 2R F-WE-197 1o £AS Uepd. AolZ ZRoIN maw:
=10 =1 = = o o = o
N2 AFG-UAHY, ofet AleRdi+AE UEUY o W2 Th, U &3 YE
= u ) E O & S = O o 1 kU
Q.o AolZ ANl WES AY-UAY, olFe STMLWYYoR HoH
E o (o) AN L O "WFEOoO O Txjurx W
0 5ol xAJo] YERA] = W O 0fe ¥ SSATEgLez 13
=]
=8

_72_



-

O ol AojE AMo| S-WE-THA wolx BAHG Lebg-g HEHIAYS 7
7 597411 Ma (fo: MSWD=1.17), 514+7 Ma (fo; MSWD=0.29), 499+9 Ma (¢
0 MSWD=0.12)2(Fig. 5). FEJet Aol o] 22Afo|E AojE AREO 2Hs| &
by A 7|E Ao 2 AojEo] Lebg-g Antel SANt WS el

W(cf., Di Vincenzo et al., 2016).

0.3
700
® © ,4-;"’ : core (emplacement of mafic protolith
(a) = e mantle + neoblast core 660 (b) D (emp - P )
g, & @ g L 6 Ii: apparently ‘old’ rim A
© 580 t- rim + neoblast == i
0.2 g 540 l
8 s Iﬂl|“llll I IIIII 1] I_"II —_
g 40 g 620
2 01 °
& >
S o rejected
o o 400 (Ma) 2580 | ME
g 00 :core (n=7) % ()
@ : mantle + neoblast g‘ : :
n =47 (n=17) b ;
01 @D: rim + neoblast 540 : :
- (n=12)
i rim (older) :_ f . Weighted mean 2°Pb/**U age (to)
o o sifpses araids \ = "3 high common Pb 500 |_Ermorbars are 10 =597 £ 11 Ma (n=6; MSWD =1.17)
) 10 —-— 14 16 18
ZMUIZOSPb
(C) [ : mantle + neoblast (first subduction event, M1-2) (d) [ : rim + neoblast (second subduction event, M3)
B : rim + neoblast (second subduction event, M3) B : mantle + neoblast (first subduction event, M1-2)
540
g g
~ 540 ~
) )
o =]
< ©
= = 500
S 500 s
- 2
460
460 . H %
Weighted mean 2°Pb/?2U age (to) Weighted mean 2°Pb/%%U age (to)
= + =14 = = + =11: =
Effor bars are 1 514 £ 7 Ma (n=14; MSWD = 0.29) EFfoF BT A e, 499 £ 9 Ma (n=11; MSWD = 0.12)

a3y 2-4-5. SE9E AW o 22A0lE Alg9]  AojE 2E-¥ dAY.  (a)
Tera-Wasserburg Z3Cjof T, (b) Aoj& ZA7Q oA 543t 2ts-9 7HEdA
F. (c) AojE AAY WEA &5t QtE-Y 7I5EddY. (d) Aol 2R g%

ol Al 543 SehE-d HEHFAY,

O X@7Hxle) ATte E3stdl Aoj2e] MED} 344} wot Afeke oF 15 Ma 9
AdG B 25 0h2 Zolk A7 o 2 mmg. ol AR Aol Pojupt
gt siRlE. webA, of 156 Maf] 1HA5 Fi & ®19 HY-g7] A&ol vh=
= 7102 s (e.g., Stockhert and Gerya, 2005: Kabir and Takasu, 2010:
Li and Gerya, 2011; Rubatto et al., 2011: Liati et al., 2016).

_73_



ot M4y

(N A
2 Ja
Aot A3

al., 2016; Paulsen et al.,
RelA E]A ko) A

FE=
AYPBERAME TUSH BxE HA(Kim et al.,

W50l AIE A
A he chefet RuE

Aot 444

2016).

Aol
chopgt
Hol(Adams et al.,

i R |
A HAAEAS Bto] EAF2 st 7|HY A2 RE fee
Ross Pan-African Grenville
450-550 Ma 550-700 Ma 900-1300 Ma
1 1
(a) e — | ' (n = 44; This study)

— e

(b)

0 500

a9 2-4-6. &

1000

1500

Age (Ma)
oFR|O] WA E|A ok
(2017)9] A= At=. (b) Adams et al.
(2016)9] #t25 FHL.

M A

(n = 562; Adams et al., 2014;
Estrada et al., 201 E; Paulsen et al., 2016)

2000 2500 3000

oobr-d A HsUCEET

(2014), Estrada et al. (2016),

_74_

Adg2> =4, tH-ofme]
AG} 1.6 Ga o]/ge] 7|getof
2014; Estrada et

3 ozt ahzdetol Al AtEste Aol
2017). o2kA, 4

r>

3500

(a) Kim et al.

Paulsen et al.



ad

ARIA] Lo Eejolh oA Yo OA WHERY] MUY RolE FIAY o
S ¥ 4 ot Syl FAUL WA U 92 A2 FINNY APATE A
FEAASS Bl YoM sl i@ APt MW Fol USles.

Goodge and Fanning, 2010; Goodge and Finn, 2010).

Geologic Stratigraphic
events Age unit Provenance
| Ross | [Grenville] [Cratonic |
4 ¥
Age(Ma)
470
DIF <)
) . - DIF "z‘
m4s0- = -usk [ SR §
5 1 SF O
O u
8 -DCS E
fq 4901+— % ; S
= g5 Q LSRG
5 E § & DCS
Y s5001— @ FDSG
% éé Siberi
- iberian
° =38 stages* tirs ER pser %
upper| Toyonian Fm SRG* u
= 1
2 Botomian §
g s c mid g
k) 8 .
g g _\g— Atdabanian SLB HRS »
- :@ g Tommotian
[}
ofc H
g % S |iower CT
Nemakit-
§ E Daldynian SLB E
[ K5}
Qlo
: 3
550 KHF
?
560 \
CPG2*
5 g g CcPG2 cPG1* '.
5 g 2 CPGA
5 o Vendian [G)
§=4660- & w PAC
° < g
$ = S 668Ma’ = a
c (7]
= s |-==2= NRD g
g x
& E PAS
€ @
6804 PAS
n
- CBF
*archaeocyathan CBF*
zones
0 10 20 Age(Ga)
* from Goodge et al. (2002)
?
-
a9 2-4-7. 3 ST gy Eejolh=olMe] ElRa wole 4144
Mol Sate-Y 93 B3x(Goodge et al., 2004)..

O o AF Zy =9 7|Hd =2 o2 7R o]tjS(micro continent)=2] &

_75_



gte]o] Qlomi(Fig. 4: Fitzsimons, 2000a & b, 2003), 8= &S &Eol+=
oF 1.1 Gaol] FAE =AH7} EA|5tH(Ferraccioli et al., 2011), o] &4
700 Maoll ChAl GIChE B TAW AYL 2 U MolEe FINRL
Zolebs Fgo] A7IE.

O YelEgjole 7] AlYMT) U 78 g Qa2 rd|A7] EJ&or 24 9 MAA A
o} 97S Es| WugelolE ol RdoAe) MUY Aojzo] darme}
GAFeE AubE B 1%He.g.,, Goodge and Fanning, 2010; Goodge and Finn,
2010). Et vEEd AANA E5d FA=9 ®ets Hel(Fig. 7; Goodge et
al., 2004)

—

1.42. 9728 2 ¥y

b 2oyot xojgo) Baw nefgsl HAde) wu

O Alddl =Huol 229 7= ?H(Delamerian) 24t dgF= T
RIS, EfADRolet SR ARG U £5F-FARY PHBET HNAE
of 7tz DA IR MUY HAAE SO PeE BEE] 1 ATEEA
7F vl A & a2 A 9l (Cawood, 2005: Berry et al., 2008: Ferguson et al.,
2009).

O YRETAWY 22 RAGolML HAAE 2o] AU SHHPES A B
o oup glo] SEey AAIE W AldAT XEAES] S+tge] EAfSHY, o=
Qg AT)S LUARIY MBI dule] of2igo] EAj

O mAH WolAl oF DAY 25F AN AL AFY o YFoR x|
T23H0| Hst= oA tiE 59 o]f= L HEO] ofE 4 gl i

Eejolsle 2 £AHY £@ Bl BCHY WE|D Ao nEA WA
otozRE 1 FAZ 7] g 2APL WAk,

O HIERE Ao o Z 2AMOlE AlgolA #2feh AojE A9 =488 (CL) 34

ARl B 95 AR U HoR 5 A ggoz pyE F
¢ Foitx2E ¥4 Th/U v7t = (0 38-0.60), CL Al7]et giz=7F don
oft AELCPAS 2= AolE FAN2EE 1Es)solxtol LUy EA7]

(SHRIMP)E o] &3t fets-d A+ —Erﬁ% E35f 597+11Ma(n=6, MSWD=1.17)

, §EEEAHOA XS

S|
— - o
oreh 2 AA o] AldA) A@AtaY. of 600Mad] 117



O

A shdEs A7lE BrADRop BAR,

JERES EXS 3
7o) YA AY(F 600-580Ma) U AT BHS AASHE MY £ T LA
i

sHCawood, 2005: Berry et al., 2008; Ferguson et al., 2009).

Tt A7t xFE], Aol i 22 U % Th &<, < Aoj&Y
A 52 o2 =Ato|EQl weofel whajeto] ntot FX|uby Fol A1Z2tede] F
ForuH Yoz ASEHL, AFHOR Qs obnl chEAIZe] FAISHY
o
=

S]yrx1sH

9O

= A TC Oaaoa-
Seeie, BuEejolic 9& YAl HleolA YA FANN BEA AEd)
DAY 9NEe 2rycl BUA s A3 AW PYBE
AEE Thsol ERg

2ojUot 2080 Bdit BEoht £0F 5% sjtor ueEYsie dYoz
Aol g4 9 Ast W ES olsfsty] YsiA sl
& ajojercol x]a A 9A7t ie FQ%. 3], wlad 2ol xrjge] 2

i)
%)
o

ZL
T
pA
i)
9
i)
rr
fol
=R
A
&=
1©
)
=
re,
4
_\;
Zi
n9

S
o5 g5 giHlE HeliAe wEdY 2UF A4 e YRl A" =
HEZjolie FZo] thell FYUIr ofe] A|AZAR] £eo] sl oju] ulm A

Ao oJgt o]2|st A7 A== (Goodge and Fanning, 2010; Goodge and
Finn, 2010). =} A7Al07] Fun 7|5 & 7juto2st Aqstgo] wrh 94
s}

A2 BARE9 719A A

BRI S o] &t A= EAL] Qs F= W52 Wst "ol Ayt jiX e %W o
§h AR 1271 EXfRtt = AMEol WAl oS ol it A4t E= diE
AN =AHL AR L£oF3He.g., Ferraccioli et al., 2011).

olzist HAlo] whe} o] HxIo] 95 ‘Rapid Access Ice Drill (RAID) = 2Al
E7} A8 9l &(Fig. 8). o] m2AES X9 Hul & sty7t =4 st9
EXst= A9 FojHo QS

SHEQotHE A& AAY MAEE AojE AP T2t AEE Ao o 224}
O|E wQto] W-ofma|t A &
FeA= A7

A igtel= SAATAE K-Route' AFdS Eofl SUlE=jolie U d= 0%
71910 24 S = FEE A Fofl AS =

et gALE A" 5

=

O

flo o
e
)
&
1o
=
l'[-‘
o)
=
o
e
=)
ol
o8
e
2
S~
2
S
P
=
0
%

il

_77_



O wahA, A4 Wofl 7]& Ardat oA YA 7|8kt Alg W 3 o] &9 =Y
Lo} @ Zooh}t XfFo] XIgtet W#Hst X|A|GLA thH] AFFECe &840 A

St
=

e T EEe

€ 5 C |0 msapdscmesiion vs 8o

9 2-4-8. O]= H1LXlof 95} 58] 9l ‘Rapid Access Ice Drill’ T 2 Al E O] &uj o]
A Mol 3}H (http://www.rapidaccessicedrill.org).

An2d

Adams, C.J., Bradshaw, J.D. and Ireland, T.R., 2014, Provenance connections
between late Neoproterozoic and early Palaeozoic sedimentary basins of
the Ross Sea region, Antarctica, south-east Australia and southern
Zealandia. Antarctic Science, 26, 173-182.

Berry, R.F., Steele, D.A. and Meffre, S., 2008, Proterozoic metamorphism in
Tasmania: Implications for tectonic reconstructions. Precambrian
Research, 166, 387-96.

Boger, S.D. and Miller, J. McL., 2004, Terminal suturing of Gondwana and
the onset of the Ross-Delamerian Orogeny: The cause and effect of an
Early Cambrian reconfiguration of plate motions. Earth and Planetary
Science Letters, 219, 35-48.

Capponi, G., Crispini, L. and Meccheri, M., 1999, Structural history and

tectonic evolution of the boundary between the Wilson and Bowers

_78_



terranes, Lanterman Range, northern Victoria Land, Antarctica.
Tectonophysics, 312,, 249-266.

Cawood, P.A., 2005, Terra Australis Orogen: Rodinia breakup and
development of the Pacific and lapetus margins of Gondwana during
the Neoproterozoic and Paleozoic. Earth-Science Reviews, 69, 249-279.

Chernoff, C. B. and Carlson, W. D., 1997, Disequilibrium for Ca during
growth of pelitic garnet. Journal of Metamorphic Geology, 15, 421-438.

Di Vincenzo, G., Horton, F. and Palmeri, R., 2016, Protracted (~30 Ma)
eclogite-facies metamorphism in northern Victoria Land (Antarctica):
Implications for the geodynamics of the Ross/Delamerian Orogen.
Gondwana Research, 40, 91-106.

Estrada, S., Laufer, A., Eckelmann, K., Hofmann, M., Géartner, A. and
Linnemann, U., 2016, Continuous Neoproterozoic to Ordovician
sedimentation at the East Gondwana margin - Implications from
detrital =zircons of the Ross Orogen in northern Victoria Land,
Antarctica. Gondwana Research, 37, 426-448.

Fergusson, C.L., Offler, R. and Green, T.J., 2009, Late Neoproterozoic
passive margin of East Gondwana: Geochemical constraints from the
Anakie inlier, central Queensland, Australia. Precambrian Research,
168, 301-312.

Fergusson, C.L., Nutman, A.P., Kamiichi, T. and Hidaka, H.., 2013,
Evolution of a Cambrian active continental margin: The
Delamerian-Lachlan connection in southeastern Australia from a ziron
perspective. Gondwana Research, 24, 1051-1066.

Ferraccioli, F., Finn, C.A., Jordan, T.A., Bell, R.E., Anderson, L.M. and
Damaske, D., 2011, East Antarcitic rifting triggers uplift of the
Gambursev Mountains. Nature, 479, 388-392.

Fitzsimons, [.C.W., 2000a, A review of tectonic events in the East Antarctic
Shield, and their implications for Gondwana and earlier
supercontinents. Journal of African Earth Sciences, 31, 3-23.

Fitzsimons, I[.C.W., 2000b, Greville-age basement provinces in East
Antarctica: Evidences for three separate collisional orogens. Geology,
28, 879-882.

_79_



Fitzsimons, 1.C.W., 2003, Proterozoic basement provinces of southern and
southwestern Australia, and their correlation with Antarctica: in
Proterozoic Easat Gondwana: Supercontinent Assembly and Breakup
(eds) M. Yoshida et al., Geological Society Special Publication 206,
93-130.

Gibson, G.M., Morse, M.P., Ireland, T.R. and Nayak, G.K., 2011,
Arc-continent collision and orogenesis in western Tasmasnides: insights
from reactivated basement structures and formation of an
ocean-continetn transform boundary off western Tasmania. Gondwana
Research, 19, 608-627.

Goodge, J.W., Willilams, [.S. and Myrow, P., 2004, Provence of
Neoproterozoic and lower Paleozoic siliciclastic rocks of the central
Ross orogen, Antarctica: Detrital record of rift-, passive, and
active-margin sedimentation. Geological Society of America Bulletin
116, 1253-1279.

Goodge, J.W., 2007, Metamorphism in the Ross orogen and its bearing on
Gondwana margin tectonics. Geological Society of America Special
Paper 419, 185-203.

Goodge, J.W. and Fanning, C.M., 2010, Composition and age of the East
Antarctic Shield in eastern Wikes Land determined by proxy from
Oligocene-pleistocene glaciomarine sediment and Beacon Supergroup
sandstones, Antarctica. Geological Society of America Bulletin 122,
1135-1159.

Goodge, JW. and Finn, A.F., 2010, Glimpses of East Antarctica:
Aeromagnetic and satellite magnetic view from the central
Transanrarctic Mountains of East Antarctica. Journal of Geophysical
Research, 115, 1135-1159.

Gordard, G. and Palmeri, R., 2013, High-pressure metamorphism in
Antarctica from the Proterozoic to the Cenozoic: A review and
geodynamic implications. Gondwana Research, 23, B09103.

Holland, T.J.B., 1980, The reaction albite = jadeite + quartz determined
experimentally in the range 600-1200 °‘C. American Mineralogist, 65,
129-134.

_80_



Holland T.J.B., 1983, The experimental determination of activities in
disordered and short-range ordered jadeitic pyroxenes. Contributions
to Mineralogy and Petrology, 82, 214-220.

Kabir, M.F. and Takasu, A., 2010, Evidence for multiple burial-partial
exhumation cycles from the Onodani eclogites in the Sambagawa
metamorphic belt, central Shikoku, Japan. Journal of Metamorphic
Geology, 28, 873-893.

Kim, Y. and Cho, M., 2008, Two-stage growth of porphyroblastic biotite and
garnet in the Barrovian metapelites of the Imjingang belt, central
Korea. Journal of Metamorphic Geology, 26, 385-399.

Kim, Y., Kim, T., Lee, J.I. and Kim, S.J., 2017, SHRIMP U-Pb ages of zircon
from banded gneisses and a leucocratic dyke in the Wilson Terrane,
northern Victoria Land, Antarctica. Journal of the Geological Society of
Korea, 53, 489-507, (in Korean with English abstract).

Kleinschmidt, G., Roland, N. W. and Schubert, W., 1984, The Metamorphic
basement complex in the Mountaineer Range, North Victoria Land,
Antarctica. In N. W. Roland (Ed.), German Antarctic North Victoria
Land Expedition 1982/83, GANOVEX III (vol. 1), Geologisches Jahrbuch
(vol. B60, pp. 213-251). Hannover: Bundesanstalt fir Geowissenschaften
und Rohstoffe.

Kleinschmidt, G. and Tessensohn, F., 1987, Early Paleozoic westward
directed subduction at the Pacific margin of Antarctica. In G. D.
McKenzie (Ed.), Gondwana six: Structure, tectonics and geophysics.
American Geophysical Union (AGU) Geophysical Monograph Series (vol.
40, pp. 89-105). Washington, DC: AGU.

Li, Z. and Gerya, T.V., 2009, Polyphase formation and exhumation of high-
to ultrahigh-pressure rocks in continental subduction zone: Numerical
modeling and application to the Sulu ultrahigh-pressure terrane in
eastern China. Journal of Geophysical Research, 114(B9), B09406.

Liati, A., Theye, T., Fanning, C.M., Gebauer, D. and Rayner, N., 2016,
Multiple subduction cycles in the Alpine orogeny, as recorded in single
zircon crystals (Rhodope zone, Greece). Gondwana Research, 29, 199-
207.

_8']_



Palmeri, R., Ghmielowski, R., Sandroni, S., Talarico, F. and Ricci, C.A.,
2009, Petrology of the ecologites from western Tasmania: insights into
the Cambro-Ordovician evolution of the paleo-Pacific margin of
Gondwana. Lithos, 109, 223-239.

Paulsen, T.S., Deering, C., Sliwinski, J., Bachmann, O. and Guillong, M.,
2016, Detrital zircon ages from the Ross Supergroup, north Victoria
Land, Antarctica: Implications for the tectonostratigraphic evolution of
the Pacific-Gondwana margin. Gondwana Research, 35, 79-96.

Ravna, E.J.K. and Terry, M.P., 2004, Geothermobarometry of UHP and HP
eclogites and schists - an evaluation of equilibria among garnet-
clinopyroxene-kyanite—phengite—-coesite/quartz. Journal of Metamorphic
Geology, 22, 579-592.

Rubatto, D., Regis, D., Hermann, J., Boston, K., Engi, M., Beltrando, M. and
McAlpine, S.R.B., 2011, Yo-yo subduction recorded by accessory
minerals in the Italian Western Alps. Nature Geoscience, 4, 338-342.

Stockhert, B. and Gerya, T.V., 2005, Pre-collisional high pressure
metamorphism and nappe tectonics at active continental margins: A
numerical simulation. Terra Nova, 17, 102-110.

Tomkins, H.S., Powell, R. and Ellis, D.]., 2007, The pressure dependence of
the zirconium-in-rutile thermometer. Journal of Metamorphic Geology,
25, 703-713.

_82_



1.5. LoJo}7}e} ofo] A=(Niagara Icefalls) X|2lo] Mot AL

O Zeitl(shear zone)= 49| BeiA £ Al s} W (strain)ol
St X

H(plane)of] %

rlr
re

Trouw, 2005)

& T = I AK(strain partitioning)S 47 = W2 K,
o] Add] Wio =2 Fl4d(brittle), #/d-Ad(brittle-ductile),

H P38 =(ductile deformation behavior)g HU(Passchier and

O Adti= =2 WP E(strain rate)o]l oA A|AsA BAANA Jg3] 4
2 AP =2 WY AutE Hojxnz, gE W Mo Py
St AAE S50l AR FAY

O Addi= S(stress)?] YT F52 & A= UA(shear sense)s AlF
tozn, (plate)?] FAFANA AtEste APE ©o olss 85t
=4 A=8oz #8d & US

O &= ZXu7|A] F¥o] FuEejolfic s A 124 Wl 28 ELH|olF
210 (Robertson Bay Terrane), HFJAE2|Q1(Bowers Terrane), 2<Ed|

(Wilson Terrane)@ = ©o|F0jA Qlon, &HF5Z(2HEIH|O[E Q)0

A GAE(ESE )] A4S WA E(metamorphism)Zt 571eF

O Sal, vhgaElnt P2ERQ Afolols DAL I nUYH ol AE

st 91 o]et TH=E Lol 7|== Ao] QAX|IKTribuzio et al.,

2008), +RAASIA o2 2o8H T]EALTE ARt A

. 71E a7ue

O FAGTolA WA » ol FESo UFPYS I =B XA
stog gs] Fastoz oln] 3o ZA 2R w=ESo] Fx

(Ramsey, 1980; Means, 1995; Xypolias, 2010: Fossen and

Cavalcante, 2017)

O wulEejolicolAy  olZejot1go] OJsjA  me)&altiE(Priestley

_83_



Fault), sHE|9I3S (Lanterman Fault)®] §7do] H4t® Ao] Qlon}, F
AP T Aot G229 HPPs 50| s THEA] U-S(Storti

et al., 2001; Rossetti et al., 2002)

O & A9 AFARl Yololrtet ofo] A& (Niagara Icefalls) A|Ho] AT
L welopy i Aol wigmes} J]= o] glon, ojg} AW T
o] AXXM(ductile shear zone), FH st &= (fault)o] LA

O E3| fUo]E / 3t&B]{7}o] E(dunite / harzburgite)?}t Atelz]Aet / db
A ok (orthopyroxenite / gabbronorite)ofA] #A L= T2 ALEA
(serpentine)dt ZHdAM(amphibole)o. 2 ZH72F YA Qon, oA 1A

YA AESHE BRAF DS VIEAT SR Y

1.5.2. A7128E ¢ 9y

7t =8
O Uoloprlet ofo]AZ Aol Fud ATE WS YT
(topotactic relation), ®
5y

Al ZAO] Biske] A

3l =(deformation behavior), ©@&(fault) A7}

o7

o] slEo] AlgMozEE gefsicts A
1o} o] ="l Ad(seismic anisotropy)?] 9l

A7t 9)-&(Nagaya et al., 2014)

q

%S
ARE B U 2YA-ALEA, H4-2

[ By sl
(e 41 =]
| L) o_l .'i .'i

“ooe 2 :‘ ;'
@ oe - ~00 o
..Oloe e a0




ol

e AR AT ol SRS d9R

rol
rr
M
=z
QO
0
Q
<
Q
D
@
o
N
(@]
=

O I=59 FA, AA HIF3W=(deformation behavior)

(e}
(rheology)2 S.Xs5l=r 2

rlo
(@]
)
X
1o
i)
ffo
o
Pa)

5] WS(e.g., Sullivan and
O L foJojr}et ofo]AZ o x| EAto|A] 3] sH

=
i =
AMoz AEste Aldolos, 1AYRE] WPPFOl heiH A7t

E‘! =2
weakening)2 ¥4o7]= QQlo] thst AlFo] st} XI5 U(after Han et
al., 2007)

O yojoprtet ofo]AZoA WARE= FAHHE S (brittle fault)oA A=

of S’ F4HUS AlI719 2424 AujE EEE A4

O ATzt 44 Al7lo] digh A= A

_85_



Haral LOrOFLnS

) ot o il 1 1-;"*

s Av

P

a9 2-5-3. ©F T HAYS] e A Ad3Ka, b)ef ofeloAl AbEShe ©59 25(c)
(Rice, 2006: Di Toro et al., 2011; Han and Hirose, 201204 %))

. d+3d

O OFQIAL

- Yoloprtet oto]AE A|HO| ofFPARS ol A4, AGATHY YIS
71Aist A=(oriented sample)S AF

high strain)ofA Ao o2& gt HP =5 7Hl, gt &

- T
7o axe ANT oY

O 2-5-4. AFX|HF9]
AA = 22 (Tiepolo and
Tribuzio, 2008).




2
- ORE RS 20189 AW dpadl HAY $uilebExtel LA
(Electron Backscatter Diffraction, EBSD)Z o] &3] AA|S oA
- ¥ Al 20179 siEbvlo] AXoQl AAGEYE FAMIATR o] (Field
Emission-Scanning Electron Microscopy, FE-SEM)oj| H2rel of| Ao,

o
RAAYEY 7(Field Emission gun)o] ZFArE gRjojoz T2 FAAIIS Q

of
0%
fu)
1
M
In
N
39,
|o
|0
hu
)
e

K
M
Ia
=
X
Me
1%

R il
- AR X AAozr =37, AR YureFA(shape preferred

x
S,
orientation, SPO), ZA U ZAA4rQXHmisorientation), OFUXI73A|

1.5.3. o|Z =}

O o2x% o]
- AR/, BA//7084 2 9



SHRAZH A dojib= L=29 WA &5 A7+ Qo]
AFEAl 4A9] 222 X|(rheology) ©]df]

8
O Ul $ULNES S BY o[ FYFES 45

A0 e

Di Toro, G., Han, R., Hirose, T., De Paola, N., Nielsen, S., Mizoguchi,
K., Ferri, F., Cocco, M., Shimamoto, T., 2011. Fault lubrication
during earthquakes. Nature 471, 494-498.

Fossen, H., Cavalcante, G.C.G., 2017. Shear zones - A review.
Earth-Science Reviews 171, 434-455.

Han, R., Shimamoto, T., Hirose, T., Ree, J.-H., Ando, ].-I., 2007.
Ultralow friction of carbonate faults caused by thermal
decomposition. Science 316, 878-881.

Han, R., Hirose, T., 2012. Clay—clast aggregates in fault gouge: An
unequivocal indicator of seismic faulting at shallow depths?
Journal of Structural Geology 43, 92-99.

Means, W.D., 1995. Shear zones and rock history. Tectonophysics
247, 157-160.

Nagaya, T., Wallis, S.R., Kobayashi, H., Michibayashi, K., Mizukami,
T., Seto, Y., Miyake, A., Matsumoto, M., 2014. Dehydration
breakdown of antigorite and the formation of B-type olivine CPO.
Earth and Planetary Science Letters 387, 67-76.

Passchier, C.W., Trouw, R.A.J., 2005. Microtectonics. Springer Berlin
Heidelberg New York, p.111-158.

Ramsey, J].G., 1980. Shear zone geometry: a review. Journal of
Structural Geology 2, 83-99.

Rice, J.R., 2006. Heating and weakening of faults during earthquake

slip. Journal of Geophysical Research 111, BO5311.

_88_



Rossetti, F., Storti, F., Laufer, A.L., 2002. Brittle architecture of the
Lanterman Fault and its impact on the final terrane assembly in
north Victoria Land, Antarctica. Journal of the Geological Society,
London 159, 159-173.

Storti, F., Rossetti, F., Salvini, F., 2001. Structural architecture and
displacement accommodation mechanisms at the termination of the
Priestley Fault, northern Victoria Land, Antarctica. Tectonohyscis
341, 141-161.

Sullivan, W.A., Law, R.D., 2007. Deformation path partitioning within
the transpressional White Mountain shear zone, California and
Nevada. Journal of Structural Geology 29, 583-598.

Tiepolo, M., Tribuzio, R., 2008. Petrology and U-Pb zircon
geochronology of amphibole-rich cumulates with sanukitic affinity
from Husky Ridge (Northern Victoria Land, Antarctica):
Implications into the role of amphibole In the petrogenesis of
subduction-related magmas. Journal of Petrology 49, 937-970.

Tribuzio, R., Tiepolo, M., Fiameni, S., 2008. A mafic-ultramafic
cumulate sequence derived form boninite-type melts (Niagara
[cefalls, northern Victoria Land, Antarctica). Contributions to
Mineralogy and Petrology 155, 619-633.

Xypolias, P., 2010. Vorticity analysis in shear zones: a review of

methods and applications. Journal of Structural Geology 48, 72-84.

_89_



1.6.1. ¢l50] WQ Ay
O AYdoA At&Eshs sbddat tiSAI4Y Alekstd fAMd 2 U b
250l A4S FEst=d e St 92 otk AME2 AIAl9
SHR1QF 2] 2o] ArAnto] 95t AU stEA]ZHarc lower crust)o] T
SX]7t9] 3}5X|ZHlower continental crust)of] v]dto] vl U4 Fhak

o] 3A A™E AtAo] H1E RS (Figure 1; Kelemen and Behn, 2016).

O o] &2 & AtolE ARst7] HsiMe Audd etd&E-sof Qs dsA12
o] g% o]gof Wk Fo(density sorting)upigof ojsto] FH1 vl
dart A5 =40 WER wAUZEL 7Pl vo7gd A4t S8st
240 Ao =RE FgEofof gth= 70| A7|"(Hacker et al.,
2011: Kelemen and Behn, 2016)

O olzjgt Y=g tmAl 7|AR2 HdYdstEA12te] delamination} 4]

=
Ust= =9 relamination¥(Figure 2). Delamination2 X|Z}9] slH =
ol 1A Aol o] Mgalel Aol YT W, A
2 PASHE BB 3 LIt BAL ARAY Yol F/kHAA gAY
BUE0] ulste] Fobxl7] el LA,
O Y=7l =otal ARz 242 A|Z4oA Z2jEo WEZ FUE.
Relamination gUst= ©o] 4ROl {X[eF E|&Folu AHYAA
A'd(subduction channel)o] &A% 24
olo|A WeAtolo] o3t W] WAISHD]
A pa |

=]
AAA 220] dYdst#Ades FAtE=

(subduction erosion)o & 4l
o] of| 2 2X}0] E(eclogite) Q%
Aot @2 EAE £+ A

1.

O % 2d 2% dx] wnd )§A|Za HYchstRx|ze] stets] z/ato
o} x|122] golge A Mysix|ul, &= dEle Slubal sl=g AA X0l
z712 &8Es xa7t AYdiehExze] xAdolets AS ot o A
AE 8950 B A Yelld AddislEAlzte] x40 ois
A Qe Art Wesh AEsh Wast nue o 72e

O (1) @A7IA AdchshEx|zto] =adol] Bt As gejazte] #e}v)



71E(Talkeetna) AUtHe} mp7|Agre] 8ory] 35| ARK(Kohistan) A
2 A )

o MAHL Aoz AFgtEl x|Ho] Tejd Al AAM(arc section

o
=

Uu ofm o

= BH0o] 917t vH|aA-AA AU A(lithophile element)ES
FAos  HREIQIS. AAoA 2dYazE Adste AEEYEL

(chalcophile element) ¥ XA YA (siderophile element)E 0|85
AAE 292 o8 2Tz HA

SR AFAY = FHUIX|7F YRt B EZolfit= T ZHES
H|o](Robertson bay), B A (Bowers) & < %(Wllson)_l Nl 7He] RAA]
Y(terrane)2 4=, ZF Ao FAAREE=E ZA(Ross)RARE 5 A4

A AE(thrust) @502 o]20{X 9l (Bracciali et al, 2009).
ug AR Tt Y2ATe] FEE AANE wetd do] A71Y-EA1A
SAYAE  ArEskEdl SEROAEEH yoloprietoto]l ~E(Niagara
[cefalls), 3d]A7]|3X](Husky Ridge), Elo]H7/WE Z(Tiger Gabbro)¥
(Figure 3). 7]E0] o|grejo} A7Alo] ofsto] 45l QPAata] x| a}aps]
A LA Tribuzio et al., 2008; Tiepolo and Tribuzio 2008: Bracciali
et al, 2009)] =W o] Nl A= L& 2AZAR-FO] uFoA et
U ohge] awse] AXBY Lautie ol Hathel shEx|Zo]
coht 5o AAH(accretion)H o] 71" Fwo=2 Azbd.

25| Utoloprlatoto] AZ T} 6 A7]8IK = 3] ookt hEe PASHE
&'g=H(East-Antarctic plate)s£2 dUsts ZH ESH|o]Hof ot of
£3509] stER|Zto g =A=

Uolortatolo] A%, sl A7|2ix], Elo]7i7jug A|elofA AtEets ghAe
CiUolE, StEH7IOIE 5 A FRHEdA oA /\}H*H“O* e 2tol

J 0 J

E So] spRx|zhotA, A b Edelole S0 ARAZIAA] ]

A=
1 O u 1 a>»



Eo Jo) AolA TR O o] AEEY] tho] J)E0] A
F9 F2p] @r1Eg Adie o) Ase] wWoby] 38| AT ) A
of AT} AAMNQ AR} 715 (Figure 4).

el
= L
O metA 2 AtoAs AW AUdistEA 2l Bl Eeotsi=o] &7/ -
o O
= -~

1.6.2. 72X AT

O uojoprtetotolaE 3 5|A7[SHA] FY13-2F7dYes H9E AU

SHRAIZ; Aol thiet ApAleE A]dE AHg 3 AAA QA Al =2RF

O wesl, 4Ast, APeeH ATS ato] J)Ed AAH HYELoRAS
A71-297199 SR PPl ot 8 2 AF
& AU A A

O 72| @7\ EL} 4] L mr|Acke] wioly] Fs|A
AR Bl A (22 U vs. HiF= Y

O FHEZ|olHE HYHsHERZT A9 stetA 1742 ol&sto 7|&0 A|
Al=l delamination ¥ relamination £9 tf&A]ZF HdTE A= dl Y

QF

| By

1.6.3. 2 d+2%

7. StEOISAZE @ dAtistiA|zie] stats x4 Aol
O WEAIZto] W@ FAL oF 40 kmolo], A% I sHEx|zo] A ¥]g
2 OIEAZFe PHY. ARAZES AR AF 2 H240) SooR oy

AajoMe] ti= AlgAiF] X F2tE|A=(Loess) 5= o8&t opdet &
Ho=z R0l AFEJNZ.
O sIEUISAIZAL IA & F79 Algo oJEsto] AFHIL g FIH
A3 (regional metamorphic massif)oj|A] st5E-X|Z2to] =4(0.5 ~ 1.5GPa)
o}

u
& VISSH e W oSSl shidel tEste My =AY,
}\C—} o

_92_



I

~52 wt%)2 QHtAe]
=] HlolEet & dR|sh= Aoz AT shA|TE ot

of 71dret #9] ALZxH(Hacker et al., 2015)= FAH/dAdE s
SA1249] Atz AtlrE A 29T

= _)F’ %S N a
A LY SRCISAIZ upds TS v|LIY SRS
o o

tistRA]zte] z/do &t A= Ay Ao =2id Ao A
(arc section)g Esto] £3iES.

def27to] f2t7] Talkeetna AJUthel m7| A8O] ¥ioty] Kohistan A
o Aol JRWEA =H7]1d-< ‘

FA12+9] SHAHA7EA] A A /g o]

N 7Pg Be a7zt ol RolRe.

3
=
o

AUThel QitePd shAter ER Adotubt chaA) MYoistyAIze o
A7t Ex olRrjEx|Zto)] vlatod Ta. K. La, Ce. Hff} 22 ul5d4 9
A0] steko] Ao} 918 (Figure 1; Kelemen and Behn, 2016).

R ERECEE:

SAA4Y gEtd 24g2 Addal =etEo AbEsteE =2
Mg#(0.43~0.55) FAF(54~65 wt% SiO2) FAFsH] miwofl dud 2Hd

o] UEA24e FYol T IFL MR o= BAY.
a1

Y WMEAA Al4oz FotHe tfdnke 2F Hi5719Y sigEAE
o] ¥ A5 Aelstl i FHEANCR U|e YAVIEATE 28

SO
oiebd YO sPdmEoR oAzt e dYsh] sl
1

(1) d2UA oraotol Agidoz e Si =2 Fe2 3HS8st= &)
TEEEE-HE Aok, 1gRoy 2444 )

_93_



O (2) WE7|Y] Qratgte] BuA %

O (3) @2 vh1ote} s}7FA UFLOKSIOZ > 70wt%, Mg#<0.3)0] £

O AAE BHASe EafA AUl BEA|Z U SRjEAZS WA}
oA BEMOoR AIE U v Yio Aol AW FEo)

E(cumulate)’t AIAED P4 L WAY Y47t ERs 20 22

g oo} .

o} 4] Y=EF Iy

O 90| 4w sEoIEA 2T YATstEA|zte] xARtole M| s

Al delamination¥} relamination© 2 R E+E= U] e B o]
A= A&
O Delamination® #|7}o] stue 24stn Qe wAA Qrao] gelo] As

= —
SRICEEL aﬂ%ﬁ* 0 ¥4 FHE BEY F YT 2AL A

O Relamination AUsI= ™o ArHo] x|t EAZo|L} AUAAIA]
(subduction erosion)o.2 AQUx}E(subduction channel)o]] /A= =4
o] o2 2Xto]E I LrAtolo] Oer g0l LAY Yk
2 EAE Ev AUAA Aol HYdistEAIAeR AR = g
(Kelemen and Behn, 2016).

O Delaminationo] Y&3514 2AsHHH AXA T X 7AA oMo
0.8GPaol%to] AdHAA =2 2E=x71(800~1000°C)ofl lojof sh=d] HUH
SHEA|Zro] s 2 & AX|F(Jull and Kelemen, 2001).

O 5ol dudistiolA F85= FedlolE(cumulate) P42 HE A&

7gol vlsto] Fe/Mg 3 Altdo] =2 A 2 U(pyroxenenite)E+=

I A 2ol E(norite) 2 /%7 W7ol siE 2= AFRUoA A

FUEute] =Xt o nAA oA vlsto] oS AA HEEgo 9

s

delaminationo] g3t o g2 ¥rAsk 2~ 91.9(Jyll and Kelemen, 2001).



MUY SHIEES Foto] oMMl TIEAIZE PHATA HYThshEA
Zte WEYIUS ARYA olTupl SRAZtoR YAA F REAY A
&= oo AESE =2 Mg#(>0.9)9 == +dd Aol 30-60%0]4
S R}R]5FLL Qlojof (Kelemen and Behn, 2016).

Sierra NevadaX|< st
S QHO WS WE WE MEeolE olojxlit o
oz TAE DL shpAZe] Exfslors nAA-x
).

a o
PAXO] FEYoJE AAo] AL 9SS X|A]SHWernicke et al. 1996
A

o
_Eu
2
-
i
J;
=
o
2
U
_E
i)
I
i
N
r—v—‘

of Aloo|A BET S F ool oA Alo] BEF e chge] AR
o SlMgto] mEZR AESAY o] BET spere As| ol2jdt &
g0 PHANEA] ot ohs AR wpAo] o] A% stRo] EAfstd ¥

S
MokAl sHEA]Zbo] delamination®]] 2Jdf] E2]E 9SS A|A|§HWernicke
et al. 1996).

Relamination®] ZA+= &7]1 Ao dAddistEA]2e] Zlo]Ql oF 30~40
kmofl EAiSIE /20 BTN HZ 4 S

Al ol2fst 1Y/2 v} AL LAYl Add Aol RS A
o7 FAREE A2t BE. SHRUSEA A s dFulEo] RS ¥4
Aol ohe EstA AtEst=tdl o] Est relaminationo] 9fsto] AHATH

71 2 919 (Kelemen and Behn, 2016).
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| Bulk continental crust

| [ Lower continental crust

10

— Tallertnag bower crust

- = Enbwilan lower orust 1

- Eobwiban loweed orust 1

b tan loweer crust 3
A RRY IBBUGRN M MU N Dyl bNie | NG P

Element
3y 2-6-1. EXZ9 HHFdEoz2 mFEstH F2br] &7 Ell(Talkeetna) 4 AoisHEA] 2}
9 mz|aste] wioly] Fs|AsHKohistan) HYUTielRAIZIe] DlU4 E4 (Figure 3b
from Hacker et al. (2015)).
Relamination of subducted sediment Relamination of subducted intracceanic arc
. o
a UPPER CRUST b Melt UPPER CRUST

MANTLE

MANTLE

18 2-6-2 stRUFEAIZAoA EAste BedatydS HYste 2ZAE (Figure 15a and b
from Hacker et al. (2015)). (a) WHEY R](wedge)of H]|Sto] W7} AtjRo g o E|XAE
o] AYUmN Helujo] HUThsFER| ol relaminations) 2, HUThSHEAIZIY] HFA 34
WE Bl W=7t =obAH hEtetE. (b) AUshke shdAIZo] dredgol 9
, Uo7t =2 SHEX|ZFE o ZF2A0]ER AF¥Hol(phase transformation) E il

A+ 23
sfof 2

o
A% 4Ystn WEsh e HRAZLS Hesto] ikl 51 A% relamination.
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Comparison with Talkeetna arc lower crust

1 N agara cefalls

= Volcanics Dunite
Harzburgite

Orthopyroxenite
Gabbronorite

\g e z]

¥ -
- - " 8o
e L e | Tonalite, diorite,

g 'it\- X gabbro and mafic
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15km em
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| Pyroxenite
2 A, : Southern Glasgow
I volcanic rocks
e Gabbronorte
—

30km -hlmum-e ite

Harz burgite

a4 2-6-4. Ld2}AIE #F2b7] Talkeetna A9l hH T (Figure 17 in Kelemen et al.
(2014))et B8] E2|olHEOA AtEch= AT B7]d-2G71EY STAQ 45 g4 Hlal.
Lolotrtat ofo]AE(Niagara icefalls) A|H} 5]A7]SIX](Husky Ridge) A|Fojl= TjEA QI

AYHAA Aol ArEsty WEA FRAIA7HA] d47d0] AS.

Aned

Bracciali, L., Di Vincenzo, G., Rocchi, S., and Ghezzo, C., 2009, The
Tiger Gabbro from northern Victoria Land, Antarctica: the roots of
an island arc within the early Palaeozoic margin of Gondwana:
Journal of the Geological Society, v. 166, p. 711-724.

Hacker, B. R., Kelemen, P. B., and Behn, M. D., 2011, Differentiation
of the continental crust by relamination: Earth and Planetary
Science Letters, v. 307, no. 3-4, p. 501-516.

Jull, M., and Kelemen, P. B., 2001, On the conditions for lower

crustal convective instability: Journal of Geophysical

_98_



Research-Solid Earth, v. 106, no. B4, p. 6423-6446.

Kelemen, P. B., and Behn, M. D., 2016, Formation of lower
continental crust by relamination of buoyant arc lavas and
plutons: Nature Geoscience, v. 9, no. 3, p. 197-205.

Kelemen, P. B., Hanghgj, K., and Greene, A. R., 2014, 4.21 - One
View of the Geochemistry of Subduction-Related Magmatic Arcs,
with an Emphasis on Primitive Andesite and Lower Crust A2 -
Holland, Heinrich D, in Turekian, K. K., ed., Treatise on
Geochemistry (Second Edition): Oxford, Elsevier, p. 749-806.

Rudnick, R. L., and Gao, S., 2014, 4.1 - Composition of the
Continental Crust A2 - Holland, Heinrich D, in Turekian, K. K.,
ed., Treatise on Geochemistry (Second Edition): Oxford, Elsevier, p.
1-51.

Tiepolo, M., and Tribuzio, R., 2008, Petrology and U-Pb zircon
geochronology of amphibole-rich cumulates with sanukitic affinity
from Husky Ridge (Northern Victoria Land, Antarctica): Insights
into  the role of amphibole In the petrogenesis of
subduction-related magmas: Journal of Petrology, v. 49, no. 5, p.
937-970.

Tribuzio, R., Tiepolo, M., and Fiameni, S., 2008, A mafic-ultramafic
cumulate sequence derived from boninite-type melts (Niagara
[cefalls, northern Victoria Land, Antarctica): Contributions to
Mineralogy and Petrology, v. 155, no. 5, p. 619-633.

Wernicke, B., Clayton, R., Ducea, M., Jones, C. H., Park, S., Ruppert,
S., Saleeby, J., Snow, J. K., Squires, L., Fliedner, M., Jiracek, G.,
Keller, R., Klemperer, S., Luetgert, J., Malin, P., Miller, K., Mooney,
W., Oliver, H., and Phinney, R., 1996, Origin of High Mountains in
the Continents: The Southern Sierra Nevada: Science, v. 271, no.
5246, p. 190.

_99_



So] ByHoz Fy5t FAA

}E}Oﬂ* = Atsxz tfaHX e Aldo o2t 2a A3 AdEol

% A4
S %*%ih Ul%*%Oﬂ ojgt AERDIESO|ER A4} A E A
% o Qon 1 FEJ|2L 349dXog HIE 0]
(Nutman. 2016). =0 o F=x= 7] Adidjopriof et

Axs=2 dF5o=z AZE = Claudinaet bjAd=o] xgtE o] @

%o
o] o
=l
o
o1l

[m]

_—

Aro. M= FQ(Pratt et al., 2001)

olg A7| 7i¥eopr|o] Z7||HE=29 L5l 1HfE(archaeocyath)?t
Od=E9 £gto g oISt Mz x7F thdst FEjZ HAste] st 24HE 0]
A9, JA7] 7, EEJOPI“*OH gdso 2 AHSH(Pratt et al., 2001)

Q25 H|A7] |HE=-0] = (lithistid-calcimicrobe) = x7} THA| ®H A
5t7] 7}X] oF 27<—]4HH1:1]—1Tj =02 QH=oF MEF X7} BEAst A|7|2 LA
Q11 S (James and Walker, 2004). stA|gF 2 A1LE &5 EZE o]A
g2 a7t AP Y7t EES-042 A2 xo] o) W Ao
Ron W2 R|Ho|A FAreE o7t BilEofloj(Lee et al., 2015;
Hong et al., 2016), 7|& Aztute= th=7 BEejopr|o= AHZ%9] Aot
7t pEs] ol2olA 9ol WAL A

ofof wet, 7|& IMEJE F7], 27| AEeopr] S EAA M=

AlZto 2 A-Efojopd /o] A7|= L &

Jﬂ_kg

L @SUS Fi8gopr] gy dixlt X

daEUMu] Bastt Aueoly] HAAL F2 A AUHHAE
2 o2o{x AT, BulEa]olAE(Woo et al., 2014), FE JIETHA

OH(Rees et al., 1989; Myrow et al., 2002), AAYAAIM(Debrenne et
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al., 1984; Webers et al., 1992), mlA}Z2}At(Debrenne and Kruse,
1989; Wood et al., 1992; Evans et al., 1995)o]] =1 AF2 EbAIA E|H
A7t &

S Eotdeos W2 ©AFE diX7t TEshA] o2 g4l AR
(Edlin Neve, Eureka Spurs, Reilly Ridge)o 40]E{ofA] A0l 7
o] 571 7iyejotr] &4t E|AAIZE FaH(Cooper et al., 1996). §1740]
oro] g]olx|ut, ol E]AAre A2ulm Ag|ol Solc Qlxlol O|AE E

d

d of Rueloly] siN EMA oL SRXoR o] As|et
M=ol mgheEl L7to] Q1. Reilly Ridge?] Spurs £33 South End
Conglomerateof|= 4 0]E 0] o]2+& AM35|ot o] oA AAQZxo] E|A
Aol Z2§tEo]9lg. Handler Ridge®] Handleri3= F=2 o]} Apeto]
252 ol2ojx QIx|gt Z7to] Hale o] m3IEo]gle. oSS Ay

oY, YA, WEE S Tt 122 AR AL

FRET A= A7) FiEejopr|o] Hdsh AfGe Y OiX[7]H
o] A3gJeto] A dd3dHRees et al., 1989: Myrow et al., 2002).

Shackleton Limestone2 A3|QQx}otyt ME%X AMgjotog =g LA o]
gJon, ME=xL AXr|7ide]o}z|o] WHAISH 1H|EQ} UjA=o] Rgto g O]
F0]A9)-E (Rees et al., 1989)

| Woodetal, 1992
W M.Camb Nelson Lmstn.
Y Pensacola Mins.

i1

Rees et al,, 1986 '
E.Camb Shackleton Lmstn.

Debrenne et al., 1984 AL > y Central TAM
@ U.Camb Minaret Fm. a
% Elisworth Mins.
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O HApZet ArHol F7] FHuejopr] B MojdoA AFEEs LHlF A

A7) 7i8gjotr] HE o]Z9] AEZA TS WS(Wood et al., 1992).
(@]
s

OWUJ ol=0] A FE(in-situ)= YARA] AU FARF YELZE 7t
= "est olg
2-7-4. HALZepio
SIAA AFEEE 1HlF
Wood et al., 1992).
1.7.2. 47 S8 9L 9y
7h. wEFjolAE Aueloly] ©Hitd A AT
O Mala o] Yeth: MEE A7} 71US BAY gixlg SHP] A
AFEAPE Bag. 7IE A AEAO] tist Al ZARS Addste A
YA 42 #S Atotorst. ot Ma|dFo] AgEHAL s AFo
gt GAMEAL dAlz S ESotdE FHB2olr] nghd = 2t
Agrg b MalY Al ATy
O M3ldSol o4 YE= 57X 9(Reilly Ridge, Edlin Neve)of thet &
FEALE 9lsh Wg Sutehs 43 m sl A7t e,
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O £% YU2EUAIY Holyoake Ridgesu 272 Wme oz YA
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e AelY Almo] dish #HE Fsl, 2AI7F Hi Qe AMHiR AR
gt F7tAT 53
O W2x0| GAfoA TEjRE 52| Fejor o] Zvkstd F7| Ao}
719) 225 At 1AsE2A Fact Auls 7. duiE= A7) A
elopy] @ fjEEow AWs Aow FAA Qovt g3 57, ¥4 1
AASolA e = o] AY FEet dYdz=A Bid. AR gAr 54
o SasAt g=ol2t= AlH9A 5474 Aol mie o5 ol& sliZst
B wgYols A7ATY £50] oid
1.7.3. o 3Zxt
7t g3dis BAuajoly] naEEy
O 5% ol A% g2 AZeke Ao EAjstd d3tise) Ry 3
oz IAY % WAAE9 Astet A|HA =t ojsho 719
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—late Cambrian Epoch 2
gy 2-7-5. &= 9 2Ee
UEthEaH 2alAloto] 7ne]
of7] 1A}t ol Fxsh=
[ microbialite [ archaeocyath m::r?;sl:;‘::;eiplcules [ rithistid }\104%53_94 ZOS‘I‘?‘F E_l %?ﬂ }\]7]
Dnowl‘rlhistiddemosponge -hele actinide (Hong et al" 2016)
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7}. Large Igneous Province and continental flood basalt

O Large Igneous Province(LIP)= U ©F2 QK(100,000 km3 o]4)Q] 3Hd
ool dlwA F2(pHnbd ojd) ZIkF st " s 7H7IY
(Coffin and Eldholm, 1992), £¥3sl% 5 LurAlQl X|A1x FHolA
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A& ggwstet A 71 dFol digh B7t=E Al=E Q1S
gt LiPo] s A+t7t o] fojA fA|oh @2 HFo] X|ghstA Ao}
WE S50 A0 2ol XA Jdow, AA| &40l FEEo] o2
A& olf0 1 BHOA dojy= A2 oOstxE Fe= =44 &
Atel Zof A+t ¢ v]il & (Jerram, 2002)

. Physical volcanology of continental flood basalt

Jerram(2002)2 Basal Etendeka flood basalt (Namibia)?t Columbia
River flood basalt (USA)59] H&ESE AFY9 thjatoz FZ2|shitsrA
A AAE AA. EASHY] HASEAOA AHEeE facies?t facies
associationg =off 84S 7|AstL sfAst= ©Yio =2 7ttt JiE flow
unit®] FEjet, FAKHO 2 FARX| X = faciesd] ZYS LEH

o] FofolA ofez Zldsfiord A FAIE A & (1) bRt A|FA
o] ¢ %2 dolH, (2) Al shitdE9] 7ok, (3) sMtAlE, (4) =fst
2 A FxRee] A, (5) vhore} CFBARO]9] it AJAH, (6)
wAlZRE 5= ol&st sMVtA AR A, (7) 3R FE A+ (8)
offshore £3}eto] H|w A
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TABLE 2. FACIES TYPES FOUND IN CONTINENTAL FLOOD BASALTS

Facies type Schematic appearance
Tabular-classic fiow facies Tabular-classic facles

Tabular laterally extensive thick flows (~50 m) several kilome- e (¥ L‘* T e P AT
ters to tens of kilometers in lateral extent with some examples AT inea _,' i _,j LA
traveling hundreds of kilometers. The flows, where erupted in g ,..Hﬁ'iJr (e Hicecp.Lnh
wet environments, have classic, well-developed columnar joint- 2 H’f PR 7-: .!" ELNE
ing patterns (Lyle, 2000). In arid environments e.g., Etendeka, 77 ) 7

columnar joints are poorly developed.

Examples: Columbia River Basalts, where flows were
erupted into arid environments the columnar joints are not very
well developed or absent. Examples include Karoo, Parané-
Etendeka.

Compound-braided flow facles

Thin anastamosing pahoehoe flow sheets and lobes up to
several meters in thickness. Often associated with early low vol-
ume, low viscosity eruptions early in the formation of continen-
tal flood basalts (CFBs).

Examples: British Tertiary (NAIP), Etendeka, Greenland
(NAIP), Columbia River Basalts.

Dipping hyaloclastites
Dipping prograding foresets, several meters to tens of thou-

sands of meters thick, of volcaniclastic hyaloclasties. These sig-
nify eruption into lakes and seawater.

Examples: commonly found in Greenland (NAIP) (e.g. Ped-
ersen et al., 1998) with some examples in the British Tertiary
(NAIP).

Ponded fiows

Ponded units are quite common in CFBs where eruptions fill
preexisting topography. Units can be >100 m thick, and may in-
ternally differentiate during cooling and crystallization.

Examples: Etendeka, British Tertiary (e.g., Preshal More,
Skye) (Williamson and Bell, 1994).

Siil facies
Large sills and sill complexes tend to intrude around the
base of CFB where the lava pile is in contact with the sediments

it erupted onto. Sills often have a classic step like geometry
(Francis, 1982) on a large scale making them “bow!” as in 3-D.

Examples are found in the Parana-Etendeka, Karoo-Ferrar,
Greenland (NAIP)—British Tertiary (NAIP).

Sheeted dikes

Often associated with igneous centers in CFBs. Concentra-
tions of thin dikes cutting up through preexisting lava
stratigraphy.

Examples: Karoo, Parané-Etendeka, British Tertiary (NAIP),
Greenland (NAIP).

i

o i
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Slil facles

Note: Earty volcaniclastic and/or fiood lahars from the basal Karoo (Skilling, 2001) may be another facies type.
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TABLE 3. FACIES ASSOCIATIONS FOUND IN CONTINENTAL FLOOD BASALTS
Facies association Schematic appearance
Low-angie downlap and/or toplap Downlapitoplap

Packages of lavas from different eruption sites, possibly
along fissure. Each stacking pattern building up from a different
direction. These may highlight significant eruption svents.

Examples: Ethiopian Traps (see Fig. 4), Deccan Traps, NAIP.

Volicanic disconformity

Onlapping relationships between batches of tabular-classic
flow facies resulting in disconformable relationships. These rep-
resent flows from different eruptive centers onlapping previous
flows that have been eroded. Often very difficult to map, be-
cause the scale of the disconformities can be >50 km, and the
two flow type facies are identical.

Example: Etendeka (Jerram et al., 1999b). in many cases
on a broader scale these disconformities must exist based on
the distribution of different geochemical magma types: e.g.,
Parané-Etendeka (Peate, 1997), Yemen (Menzies et al., 1997),
Karoo (Marsh et al., 1997).

Onlap and/or burlal—disconformity

Onlapping relationships between batches of tabular-classic
flow facies and compound-braided flow facies, representing
shield volcanoes, resulting in disconformable relationships.

Examples: Etendeka, Greenland (NAIP).

Shield voicanoes Shield voicano

Usually associated with compound-braided flow facies, rep-
resenting shield volcanoes preserved in the continental flood ‘
basalts (CFB). These tend to be restricted toward the base and
the tops of the CFB as the flood volcanism starts up and shuts

down.
Examples: Etendeka, Greenland (NAIP), Ethiopian Traps.

Sediment interlayers Sediment Interiayer

Sediments interbedded with volcanics. These are found
mainly toward the base of the CFB system where there is some
overlap between the active volcanic and active sedimentary
systems.

Examples: Etendeka, Greenland (NAIP), Ethiopian Traps,
Deccan Traps.

Note: Other examples include syn-volcanic rifling folded/faulted disconformities—Etendeka, Ethiopia.

= 2-8-2. gI& &5 AU E|AAF (Self et al., 1997, Jerram et al., 1999a, Jerram,
2002)
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Jerram, 2004). &4 285 JdZ Yo AYPAd oz XME517|Q3t BHo

T @A 3SHJerram and Widdowson, 2005)

C}. Jurassic volcanic rocks in the Antarctica
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Het25 4R dFYA dAE 713 E ARdor SAHY, &
e AFSRe ARUA SIS, dAicte ElRYoR AR o)
2 (Elliot and Fleming, 2008)

o2t 2 = o= Aol @k (Dufek Intrusion, Ferrar Dolerite)o] i
FEOQE. FH HdYS G EAIMe Qs S ol WEshs S8
25 7HR+= @71YAolH, H2t2 Fd2tolEx SR ESSHAIT oA
SUlEQotHto AN F£2 H|ZE570 ARt &4, 238 dddd.

2t2 FZ2tol Eot o wtolA Fejeh X ojFt baddeleyite U/Pb
A= 2% 183+1.8 Mao|®(Encarnaciéon et al., 1996: Minor and
Mukasa, 1997), H2t=2 Z2tolE, AIEH A7, AFAUE HoA
2ajst Aol 40Ar/39Ar ddj= 180+1.8 Maz H i %E(Heimann et
al., 1994; Fleming et al., 1997). HREHEAHE GA}SH ATH(184-182
Ma)9] &efofo]EZt W ilH(Zhang et al., 2003). 5t§9] shitdjd/d EA
oFol ghaZofA B2]st Aoj2 AT(182.7+1.8 Ma) (Elliot et al., 2007)
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c -strik
Qutboard ( msi rike) Craton

flank Lo s flank

CcTM SvL NVL
Dufek Thiel Beardmore Butcher D.V. Convoy

Beacon strata_ < —

134 2-8-4. Different styles of long-distance magma transport considered by Elliot
and Fleming (2004) for the distribution of Weddell Sea-derived magmas
throughout the Ferrar LIP. In the top two cartoons, magma feeding the Ferrar
Dolerite, exposed in the Transantarctic Mountains, is provided by sills extending
cratonward from a megadyke farther toward an outboard convergent margin,
whereas in the lower cartoon the main transport is in a megadyke or dyke
complex beneath the current outcrop belt, with delivery toward the surface by

vertical dyking.

2}. Ferrar Group in northern Victoria Land
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Figures 8, 10, and 11 of Elliot (2000)
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2.1. A skt x|tetstA

2.1.1. A17gde] HQAd
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O 2T @ olduiel A=) osix Wet: wEate ol FTEAe
SAO A9 A5t ol EAHGPR, Ground Penetrating radar)s £-5f
43 9y ofgo] Exfels 2L shaF 91717} WA (Fig. 2-1-1)

-

A ANTARCTICA

South Pofe.

a2 2-9-1. Sites of some of the 91 volcanoes discovered. volcanic eruptions may
not reach the surface but could melt the ice from beneath and drastically
destablise it.
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Station and active volcanoes referred to in the text
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O d=9 shte W2 F7ol = €50 E9 AoM shiiZgE JAF 54
of Bact #AH ZetE &6l oAl et Al719] F4dS Aotdi=d
W2 ool mE. ¥ oty Tha o) {2 st F& HAL
§ FHERAIAES o]t AUidP SELTY APt AlrE S0
2t SHEAA AR S0 et ole oSt YehtRz gRieh Fof
A7] HES oM ot B 2ddl 548 2482 s S948Y
siAo] mie $aF

O g= FEIALZIXOA ¥ 300 km oJufe} #H2jo 2 vhd ofuje] &2
= 7155t Qle ie et &, W E, YET J2a Zgfoto|y &}
Ato] 2 xsH(Kyle, 1990, Fig. 2-1-2)

O Ala7HA] BHE, 2JEQF I3 Eejotoly st st #F&E9 +& 9
A AES A BR AR Atso] aHAXITH(Armienti et al., 1991;
Esser et al., 2002; Giordano et al., 2012), A| B0 &%= A Ao
thst “Ar/PAr ) 578 Zavhe BIEAS

O Alg7tA] Hid W E ohito] 7H A2 /ol dist 2 AddisAd 2
7= 0.01£0.02 Ma(K/Ar dating, Amstrong, 1978)1} 35+22 ka(Ar-Ar
dating, Giordano et al., 2012)2 = Al2 ©%= 3HAHEE oHx] 3t “Ar
o &A] 75402 ols) QAP} Bl 2 AWS Holz

O Lyon(1986)2 ®HE &% ArHROAN WAE= Bl Z2HFig. 2-1-3a)¢t

s gy Qe & JE1U151~] ¥ ¥d5 S(Fig. 2-1-3b)2 viFo=
o 0

opx|ak BZ&o] 18623} 1922 Atolo]l 919lS Zola} ZA4s }%%

134 2-9-3. Tephra layer in the eastern flank of Mt. Melbourne. (a) thick tephra
layer composed of pumice and crystals, (b) yellowish grey trachytic, pumice lapilli

embedded up to 20 cm in ice.
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O

Fst, Esser et al. (2002)= Z=zjoto|] s}AtA|Q] 71AF A& oFAlof T3]

6+6 kao] ATIS 12]1. Armienti et al. (1991)2 2| ETtshit) A8 &

Arofl sl 8 MaQt 3.5 Ma®] “Ar/*Ar ) EHZAS Wt

43 shtezo] sl2e shietd Oist Ajdy 5Yo2uE AN =Y

g 25 gl U3yt 71SH Exets RAgo2 AR Wy

0RE §5F 4 g AL A BUY g0l S04 HmP} B
B¢ AIFeE 24 UIDE A Huetel J|USHIE FEIL et

X 9]

A 4 Q) Z(Dunbar et al., 2003; Dunbar et
al., 2008; Dunbar et al., 2010; Narcisi et al., 2010a and b; Narcisi
et al., 2012; Narcisi et al., 2016; Narcisi et al., 2017; Lee & Lee,
2017).
A2 930 L0hd E
ot A EHAHE 2
So| o] WAL S
Ao 2w wee, o En
Zalotolr] gHite] OHAS BEHA|7|w ghdolije] AntE ¥ ngH(Narcisi
et al.,, 2010a and b; Narcisi et al., 2012; Narcisi et al., 2016; Lee
and Lee 2017)
mheby W2 AR iAo olaA ke 2o 9AF Hstiow Eag)
HHE, BT T3 Eeotoly shibo] tish =30l Hil Qe AT
e

st U Aol Ag & Elmet AlRSol('1254 Elze}) 313
S(Fig. 2-1-4). o] ElmatSo] afatxs (Table. 1)S QAbASIE 13
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Table 1. Electron microprobe analyses of the Rittmann 1252 tephra and possible correlatives.

Sample 1 2 3 4 5 6 7 8 9
N 10 6 8 ] & 10 7 8

5i02 62.34|0.31| 61.38|0.75| 61.91|0.70(61.82|0.75(61.58|0.37| 61.89|61.53|0.13|65.49|0.11|64.22(0.59
Tio2 0.39|0.03| 0.45|0.03| 0.43|0.05] 0.42/0.03| 0.43|0.06) 0.38| 0.38|/0.04| 0.47|0.01| 0.34|/0.07
Al203 | 16.86|0.17| 16.68|0.29| 16.59|0.62(16.44|0.32|16.74|0.35| 16.89|16.44|0.11|15.76|0.05|17.53|0.16
Fel 6.23|0.18| 6.56|0.42| 6.25|0.27| 6.38/0.18| 6.54|0.15| 6.46| 6.49|0.11| 5.34|0.05| 4.37|0.22
MnO 0.24|0.03| 0.27|0.04| 0.27|0.05| 0.24/0.05| 0.28/0.05| 0.28| 0.23|0.03| 0.15|0.01| 0.17|0.01
MgO 0.13|0.02| 0.15|0.02| 0.14|0.03| 0.15(0.02| 0.15/0.02| 0.12| 0.10{0.01| 0.19|0.01| 0.26)0.06
Ca0 1.17|0.07| 1.20|0.07| 1.14|0.28| 1.18/0.08| 1.18/0.05| 1.13| 1.02|0.03| 1.82|0.03| 1.36|0.18
Na20 7.19|0.29| 7.41|0.43| 8.18|0.00| 7.01|0.46| 7.92|0.40| 6.96| 8.06|0.11| 5.36|0.13| 5.67|0.32
K20 5.27|0.18| 5.38|0.12| 4.57|0.70| 5.37|0.19| 5.17|0.28| 5.34| 5.27|0.10| 5.25|0.06| 5.78|0.09
P205 0.02|0.02| 0.08|0.03| 0.10|0.01] 0.05|0.03 0.06| 0.05(0.03 (.08(0.03
502 0.04|0.03| 0.03|0.02| 005|0.02] 0.06]|0.02 0.04| 0.03/0.03| 0.02|0.01| 0.01{0.01
F 0.20 0.19 0.58 0.29| 0.11|0.03 0.20(0.03
cl 0.16(0.03| 0.23|0.04| 0.28(0.08| 0.29(0.05 0.16| 0.27|0.02| 0.14|0.01

Total |100.03 100.02 100.10 99.99 99.99 100.00|99.99 99.99 99.99

N=number of analyses and 1 sigma
1. Styx Ice Core ({Mi Jung Lee, personal communication)
2. Siple B 79.2 (Dunbar et al., 2003)

3. Siple B 79.45 (Dunbar et al., 2003)

4. Taylor 79.155 (Dunbar et al., 2003}

5. Talos Dome TD87a (Narcisi et al., 2012)
6. WAIS core (Iverson, 2017)
7. Rittmann glass (fiamme) (\Mi Jung Lee, personal communication)

8. Glass composition for tephra from Mt Melbourne (this study)

9. Average composition of 8 pumice from The Pleiades (this study)
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3 2-9-4. Location of Rittman volcano relative to major deep ice cores. The 1254
tephra has been identified in ice cores from WAISDivide, Siple Dome, Roosevelt
Island, Talyor Dome and Talos Dome. The Styx Glacier ice core near Rittman also
contains the tephra. Figure after Jouzel (2010).

3 2-9-5. Pyroclastic deposit on Mt. Rittman. The deposit resembles an ignimbrite
product of a highly explosive eruption
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13 2-9-6. Geochemical compositions of 1254 tephras from ice cores and volcanic rocks
from possible source volcanoes in Melbourne province of the Northern Victoria Land,
Antarctica.

% 2-9-7. Aerial view of Rittman volcano looking northward. Mt. Rittmann is a small
(peak) that has
outcroppings labelled Caldera Rim, Mt Rittmann and outcrops on the right, in association

outcrop steaming ground. The circular structure defined by the

with the flat topography is speculated to be a ~4km wide caldera.
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I 2-10-3. The distributions of the volcanic ashes on May 2010 due to the

eruption of the Eyjafjallajokull in Iceland
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33 2-10-4. Magnified map on the summit of Mt. Rittmann. The diameter of the

rim of caldera is ~1.6 km.
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a2 2-10-6. A sample of seismic (upper left) and infrasound (lower left) traces
observed on a seismic/infrasound station near Mt. Tungurahua, Ecuador. The
volcanic tremors observed on infrasound (upper right) and seismic station (lower

right) are also shown.
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a2 2-10-7. The map of Mt. Rittmann and its vicinity. A red circle indicates

~30km distance from the center of Mt. Rittmann.
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3 2-10-12. A long period earthquake. The vertical traces show relatively longer

period characteristics compared with typical tectonic earthquakes. The red dot on

the map represents the location of the event.
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Agwe & o duslw A% ARE A7) Ysje] zaR

QAN AR 7} £99) kSl sl 1 Famol wel Ha 1YRE

W 108717 A58 Rolsles sl wolt. o] We 2A% 924 H 22
£ BRY 5 Jon e SuASe] Wge 2]

of xg3alr] wiEo] §Ho] golatthz Aol UThMackenzie, 1993).

3) ZIx0lE 2AHo| AN
AZNE B o2 F 7IAE § 4 Ut AN, AXINE BAHL 85
AR50l AAR 7P A3 el 28] ek Y e AY(TE)S T3

A, A2JE Z4R2 A=A oS

427 weh 48 JFse ANtk PEE F I Harlgos 49
3)

b
°x
)
=
2
o
=
Q.
(@]

(¢]

<

=2
=
il
tlo
2
>
i
(o
il
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4) ZAZCIE EAMHo| tHY

AZQNE BAHLS o3 22 @S 2t ok AR, ARRJE 24 A&
= feliAe Gk SEAE] FA AEE 5 e tijke visofF skt o] & A
AR o2 A & « fltk olu FA K (focus group)S A E 7153 tibES AR
St Ul TS £ F Atk A, ARINE BEAHE AFAA 0 s AYUtES
I3 o] dwS 878 wiel SEAECA A REE A &
Aot EEFE H(split-sample strategy)= AHE3st] dEo & &Y = o,
o] ¢ FiH g o] B FEAEe] BosHA ot obsy 21F =28
A5 SHAE AEol dFe AU 95 Akt odee e A 44
SHbRol 2HkE SHo] Ho] HojHt}, Egk dF SHAES old AFHACl A
+ ZAEo] gulklo] opd AE7h diEgd + dvkal A4S 5 At AA, A
88o] opd 7P A% st HdEdlEolet= At SHAEIA HsdtA &
= T & A ARAE AW o gEs o el ASs F Utk

AXQE B HASARE (29 [s]sh 2ol 7B thge H95a &4
3 £452e) 5 8 FRleve) & A APARYE B MY Te £F
S HHL AN F URRAES FPRL AFEAS S N aAE AV

(28 1-5] ZZ0IE 2AHo| HBHAL

T JIA[ET Cas) dd
| 2
TN SHAAE B0 ChANsle] SH0 ASat &
M2 = N £H4E0 4o 27 2T
| 4
H 3 oy HEA = t.'J(experiment;al design)S S
MEICjoryEt T2
I}
| A 4 £ | | MEX| &M U Pretest HS HX 2ot
3
S HEolMA] SIAE Sot A0 HE A2 23
o SERlel M3 U B FE 27
I}
A 6 £ o de=s S _
Chamisle) S48 JHA &2 U 23} a4
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2h = 71X £X8 (Contingent Valuation Method; CVM)

1) cvme| E&

CVMZ AtgEo] HIARA o] Fofstal Q= 7HAE A 02 oo+ U
ojty. &, CVME YUY HHEAL FHEA 52 M3} JAEFE T3l
I e HIAPEA e tig 7HXE AEske BHAS ARESta Stk 5835
A= HIAA ] ®istol] thet 7HAQ] e AAskal o) 2AES gt
S5 ARE TP Al A7)t old st SEAES HIAIAR] Y
73Rl Wslel] tisA AL H= 2| E2|AHwillingness to pay; WIP)7} JA=AE& &
HalA Fr

s JEHY F 7F dizz] e 245 /XSS HEIE &

4l

Ao SR A gade] oA AWEd e (17 1-63% 2.

[ -6] stz HIHO LEE HL

=R 7S EY

(Conungent Valuanon Mechod)

. SEdHT 5o SHd SIEE arai o=
2. BHHED H212 #UReZ 20

A== {28 3. CVM AES fIp AT 2L9F HiEE g
(Stated Preference Merhod) —
AZNE 49
(Conjoint Analvss)

. BHElE SHET JR0H ) =3
2. BB 44EB IUE 231 NNSEN 32
3. AL S ZAE JER0 HiePr =80 24

UE tdele &8, A e A8 = jle
= Aol Aok sHARF CVME A58 Yelid e SEAE oAk} S8 IA
o] =3it}.

o] &3k

=
RIS =

5 Aol cvMe] Bl =40l HW Aekd W9l T, ole
A

MEINY 5 A8 A
3} B JBBA S FI AvlHolol Yk E UBPAS WYSH RO
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2 S W] ARl FEelt B BE CVMAIME Fa% HH
Abgge] Hk CVMS] WIP o] AAMMe 2 ] /AR 7Y F gon o

E <H I-7>0 Qo3

<H |-7> CVMSe| E& dALH

T W &
Ny e SERt HY WIPE HiEel=S ugo= Fesct
-— 2lojo] WIPO| Cf8t XIZOINE BEsHs HYS 520/ UE
oo SRSl IEE SXBIC
—— CIE Mol 43 712E BNl K& 2SS B MAISEA, &
TS0 CfEt KIZOINAS POIES BiC),
or s A2 UHIUS K2 AL YEX| OIRE 21, WOl HEIE

N8 A& H(open ended question) ZEH2]2 TEshA|RE F-3HoY SR
(outlier)’} TAT 7Aool Hohe WS zkal 911, ZvlH(bidding game)—4 o
W AES RHESte] gAY WIPE A 2 & Ut Aol 88k, 27
WTPAIN Y-S drtz Friipel] wie} 71 A3yt gdebd 5 vk @3o] Aok A
27} =" (payment cards)% T AT Blsg AEe] BRI} B R0 R Fo

< 73, 19 vl o] Fo=E AEAY S " JhsAdol Jern=, Bt
o FaEsk ARE /'ﬂ] /\]3]1 of gtth= ool Aot FEAEE 2 F(dichotomous
choice question) -§8°| HlwZ i, IFHIXS] WATEo| A= o] o,
F740] ogth= AR ok

S ZEHL Hanemann(1984)0l] &Jte] 4 & 2 CVM Aol A]
] AMEEo] ) FEAEE AEHE SEHACNA AT S tE £ =
Hol| thek A FOJAF AFE “of/olrE E5 02N AA A s 2
= SHA /‘“‘/P%] 91 Y X & (incentive-compatible)©| T}, ©] w] WTP 2 Fof 4|
2 AE o]de APdZANpre-test)E T3l AAHHAT &
Z7F digstr] &olste] SEEC] ¥, 03 O (starting point
A Heojol| ok o] Hom, niged AEJAL BT THsA
o] 791"’, TG A YLE =Y T At Aol Ath

Mr ol r_?L
> oo O
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TAHOoR FRAUY ATWe ng H4F AL <ol A5 TR Ui
ARG gol7} lErirein Bolum, $9ATL “eljolllons HiEshs Aol
of W Aol MY AEWOR EAE WIP ke ol 5] £ FA ANT 29

£ % golz @ 7h FAL 7 el At
GRS AP SHAE ANE Foo] Bl
oeta v, Eom “ohe ey thgsh Bk of
2 ol ARE olg3te] ANE T} <ol thEe SHA WS B4
ﬂozw WIPS| AERE 2ASA 2

oM,
)
o

FEAHY, 1.578A A
g iRt AEFde] AA =
Aegdo] AXNEEH, F

735 A WA AT
247} =, ‘OMQ-’E}FL Eet 3% A 1A A 1/20] Eot 3k 15737
FEAEE 2L SEA IFe VI Yol A A 5o SEAAE %
o] ABFHE At o Ao ‘oeiar thEdt A ko] AETdE At
WA 5ol SEANAE AR AETde AAste] of FFdl oozt

.‘_:[-'_
I YRS A S ARFALS A Ptk

Rl 2 (g ol
ol 2 o o
12 of X rlo
A_rsﬁ

o

: o
kD C RS !|—f> 1,68
Single Bound Ly Double Bounid [ One-and-Cne-Hall Bound

s NEEANDH0| ¥ SE2HY
s i BB SIS ZAIIBY
« CIUEHOEN Hio [ B2 =10l B= me my
& CIPHMOIHEN HIOH FEE2
=NE QEsefficiancy)
| T

o
|

'I

| » Argmemeier Sue By

s Fas o t Heo) GFHJF b

(=4 [ = BEIT FH0 HE _FEIM 2‘-\_'5' & Sl TR
= REIS ENN QEY MY

» SHUSVE 28 2 U = [0 SEMOIO| 2
| | EHO NS =1y
= » EY EHY TEL0) T S0 SHMEL HIZE
HE Ed = =

$+H Kenneth Arrow, Robert Solow 522 TA% H|=2] NOAAI IS 19934 1
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2 119 BuME AEste], “CVMo] BIAMTZIAIE E3ste] dsiE jzoz H7}
sk Aol Bl SEe] 2erd FAXNE AT F ke AEe WHth
NOAA g Ry AAE APE T T8 2 7R Qosd vt 2ok

[12 | -8] NOAA m{Eo| x|

TAHface-to-face interview)

HRHF SETADE O JIE®E
WTAJL Old WTPE 53
IgsHez= §3 HAE(bid)M Lt Yes/No2 SHOH= &Ry

T2 1#O JIEE SO 2AL

HAE WTPE 2018501 E* OE X=S 0101 g 3l

CH& TH2HH CHP CHHIE SA0H 21X

= NICHZ 0I0R01] SEMUEIIE Y £+ U= EEE T

=1
=g —| [ = oy

[-8>3 7t}

A% PSANE A8 A <w

o

eln2s

Bille. T.(1998)

Brave. M., F. Scarpa and G. Sirchia(1998)

Santagata. W(2000)

Rollins and Lyke(1998)

Bergstrom et al.(1990)
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CVME A+ B SAAAT ZokollA B S st olE FAIRE, A8
Aol 9E IX|= Ao opdet AFAA, niAR, BRI, Aesh, A, AT 5
o] & F9 AFH F948 UA ol&HIT Utk CVME 1 A& A
grjso] thr14, +4, dagdold T vkt Eoke] 7ExSA ] dg o] &=l
th ol2?] CVME F= e ow AFETr} 1980dthol o]28] A<&(litigation)l]
Al o] G WA FA Fo ARRA, FAT, A4 oA Wol AHEE I Sl H]
AZA o] 7EAEA A 9lol CVME] A& 2EFs] aofkeld Thed At

o FA, & 7ol wisl Rty g2 vAA A82 5 Utk

o A4, s f3e nAEVIAE A S-S 5 Ik

o AlA|, 822 ZA(Hicksian welfare)®)S F8slA 2H =4 4 9t
o YA, &4 2 e A F A=E AT = Utk

cvMe] A8 (19 1918 go) Zmrte] thdel tie Avele s e

T AES Tt SHARFE WIPS === ol 9AE A

3) 54 Asht Au|2=9] 7Eo g i Wstel] mE S0 WSk B a4l ol Ao wslE A
9]=]= vHKMarshall)2] ABI1AFY S (consumer's surplus)E ©]-8-5t] ST 4= it} AT B a =
g o] 8 79, Efolu RIEErt A fAEE Aol ot 50| YA FAEHI A
£ ol2% EAI-] Aok EXHicks)= ©l9F B2 EAE FEI] 3l AEFES A AN
71E B8l TASk] B 33K compensating variation), 56 53K equivalent variation), 2 3%
(compensating surplus), 554 (equivalent surplus)Bh= M Z-2 FA/NES AASIHT) 8|22 SAfol|h
aHA} HEFUNE A7) Slakl drle] Hulasol WadrheE SATORA ol 54 A7t T
Ao MEE e AE 3k
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AFAA AR RESY A4S Lokstn 24 PHE
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LEFEE
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d R ERERE

AR | AFSZEA| | ZEA]

Y E e

p =
Am

Al ZRHoll LhAHSHE HIAZRHE Sgoi 2ot &= o o
’Hg &8

12

slEY Tt

i FOHX| HHRO| [ME H|RE JHtoz Foo| Oy
SHH|S mEowH | TS o = TTo
oH|g BIHY JEZ o O O
MEI|HE A8 TS NFS FEstL
AZOIE BAy | ==IEE O o, A |
Hzels 2AY S8 748 PENO= Bt © 19| °
Eal s MEIIHE A8310 TN NFE FESIL o o o
TR EEY JIXIE BFHoR R
Ul 7HA] P E FollA B 2Ap ﬂl AR FETF /158 A7 A
A7) flal A TREs

T:S_]_-

+ AR i eSO 715 AFRE AT 712dE Zle el v
AABReE Al 2ol s, 7|23t 7| Q1T TRt Hejo] & ARl
7P AR "o sty ATMA 712ATEOF R&D FAAI O] AAIA 7t
A5 Wrrslr] AR ke WP EASHA Feth ol ZxdTECR
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=

<E |-10> HIAIZMS| JIx[EIHEES =F

Mz AA LY 7ZIXIE5EH H[Z

2ol &4 2 (Damage Function Approach)
=E|EAHA Ci & H| 28 2 (Replacement Cost Approach)
HI8&ZE 2% (Cost of Savings Approach)

ZH[XHAERO| 20|
ZHSH Y5

ANEEZYE | AEe2F 2 (Market Demand Approach) IHA MBS E
HAMEEZ | O3H| 2% 2% (Travel Cost Approach) HEE tEAEES
| E47124 % 2 (Hedonic price Approach) 3R M3EEs
HEN (RP) 3|1|H| 27 2 (Averting Behavior Approach) &
~
=
AM= = - EH . .
A | dedsEa | = —;—ile’él & (Contingent Valuation Method) RPS| ®20| ol 2
= X R&21F 28 (Contingent Ranking Method) HO woln M2 2z
(SP) ZH S Q| 2 (Contingent Behavior Method) e TEm e T
Helol™ 7Ix|0|H™, &t4=0|™, HIEHEA

A2 HENEE T, (OHIEIFEZAE 2% CYM EMAIE M A, 2012

2 AN A Eedsel 7159 AFRISE Aotk dEdSel 715d AT
s} ATt thgk W2 IA ARA HH A Heew 7Y F oH, A
2 Hole B JTFE B3 ZAYUE F5T Ao R daEE Heog o|dE
=& 7158 AR A7 AAES Agstete] #Ase 1T @ 7]
o|EL Zhio) WE 7|ER AE AS X3t} ol Hhsj 7HHZ Hele AT
FE2 e Bl EFYsAT S7IH R g5 & 5 e "o g, d=uF
71

3 o2 AT, @ GFFel 7129 A7 A7 Ropo] FAH A7 3
2 53 00 AF4 1A, @ VA A tF AR5 F5 Fo) Wlo]
TP 5 9tk
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7HA] olFH oM, F HAE 7= 3017HFE o o|FH T

<H |-11> X¥dH =2 4

X 7t HIS(%) E=s HIS
ME 3,915,023 19.74 61 20.3
FEH 5,732,612 28.90 97 32.2
SEE 2,155,480 10.87 30 10.0
= 5,130,780 25.86 76 252
A= v 2,281,827 11.50 29 9.6
gsd 621,943 3.14 8 27
A 19,837,665 1.00 301 1.00

Atz sAEE017), =7ISAZE 2016H QA ETAL IR =

FEEC 7158 AFRE AFARG el e A=l o AeEAbl F’t &

gxpo] AW EAL YA S13HAE, A 48.7%9] BIES x|k
<H |-12> dEYAIS dE
T HME
kA 154 51.2
2= od 147 48.8
HA| 301 100

SIS 7158 A7 ARG digk A=yl oid AERAR s A
Hol EA42 A A= 24 F3IA FAAE A=, 20T17F 23.3%, 30tH 23.3%,
40t 26.9%, 50tH o]Ao] 26.6%2 EEE Hola gith
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HIY HY 24 25
<H |-13> dE20igAte HF

Bl HME
20cH 70 233
30cH 70 233

s 40cH 81 26.9
50cH of&t 80 26.6

B 301 100

SIS 7158 AFRE AFARE gk A=wl o AERA) 3JFAd &
O 1F0] 30.3%, AEHZ0] 18.3%, =] 48.0%, thEtd= o|Ato]

23% BE 9 F-3go] 1%9] $EE Holw grk

<H|-14> M2

HAel ns £&

i HME

SZ 0J5t 2 0.7

s 104 30.3

M2 E 50 18.3

|5

WES 137 48.0

e ZE ol 8 23

g 301 100

G50 715H A7 AT ARGl gk A=l i HE AL Fedt -
gAY @ H I ASLS 1009HY tiRko] 1.3%, 200~300%HY m]RRO] 12.0%,

300~4005+ T
700~8005+ 1

of St

_25_

Fo] 24.6%, 400~5009F w]9ko] 30.2%, 500~600%+ w]wko] 23.6%,
Fo] 5.6%, 800~9007+ m]ko] 1.3%, 9009+ o]Ato] 1.3%E 35



<H |-16> dEU A 25 2%

= HME
1002+l ojot 4 1.3
200~3002+H O]t 36 12.0
300~4002+H2 O]t 74 24.6
400~5002+2! 0|2t 91 30.2
N3 500~6002+H gt 7 23.6
700~8002+! 0|2t 17 5.6
800~9002+! O]t 4 1.3
9007+ Of & 4 1.3
A 300 100
O A2 e A 22 24 23
O Fe) Y Au1 /1A A2 9 FF A AR
ol T ARy 71 A 2 85 dd AR thsiM HA| SUA 5
3.32%7F A5 T=21 Qltky YWstyia, oF 57.48%7F YL A na2AHL AF
Solux 2aicty gugct ol thsh 2AIM R ot u]&L 33%HEHO
of, OiZAQl Y &T 23 9l 8182 39.20%2 1 FWetoict
<H |-16> =2 HF 2L J|X dA| I &5 A X E
AZUE =l H|S
THEQl LE7R| & 21 UCk (1) 10 332
CiEkNol L8 HEE L1 ok (2 118 39.20
S0z M2 AL g2 & 221 Qch 3) 131 43.52
A5 227 QCh (4) 42 13.95
A 301 100.0
O mAI] AlAl tigk A A 274 55 7Fsd A AR FE
B2 R s B HAE Tt mA Y MAe] tig AF 57 =5 7FsA <
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3) 20% =¢
1) 00/ h:ol*
ShHEWO]| CHet o 53 ® AL 2) 5% =
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1) els*
MA 2D 2o H7 gt =52 =7191d A2 2) g7t 1
3) iyt 3
1) 8lZ
DIXIS] MAOl Hgt XRIXMZT| &5 2) A7t EF
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| 3) 4,000
Y ASH AHES SBelEE Re
1 RV (e = M5
5) 8,0002
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T 5L =M *2 X +E5 HUEH
ME S50 ol tid 42 =3 2tk
7h == XsiAte ME Ttsd =
ShE 7158 AT AT AYS UF ALBA 9T JES HYO2H
S el A A ASANE HIT FAE B 5 Aok e 5

I 2] digelH, E5 tiFede oy 7HA7E 52 AskAdEe] ol madEe] ol
ot 28y AAE Ee2K1959 )02 13l el viAE kol digk E=Tt
o] i B At sAEH Utk Ty FF A wA wstel 22 do] dojd
735 d=oll widE AskAd Aol rhsasl A ThsAdel oL, dEuEe A"
AEAQ ATFAEHAE & 7P A g HIA S 3dd] wold
stk A Fotd gl wigd AAAAE A, H, T2 Fo] ¥Wid o)t A
| F e dolgta ok o]HT o]frolA AAl A=elAe deol HE|AE
Adsta A el E& TS Hola Utk (71X ol= e 67)), HAlok
(57W), A& @), "=GH), F=2H)

o)
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A 57 i ?l F7b7} ol e ASolrio% F7h, AP AT

ISl 7158 AT 9T AYL B3 $F AR 9 Eejold
Sof ek BUHY A8 53 2 BAS B9 30 Ad 24 0 uR g
AE] G AFHS BY 5 Ak WF SRS 22 D A Aol B 2
He B3l W MTLY AT o) B AT /WS AT 5 gov] olF 5
8 SHIEEe] thE A5Ee B & Sich FHLHT015)0) W, WFAL s

o

o] Zug A% el Aol 112 13 00001 9o M7k AT Ao FAsT 9

£

AnHoR B AT A YT AT ATE B BT AW B4
? ol%ele ol X ol FHSA AFA Wolow ol
£ &40 sz ST B, B ATA 44w &

129 Az, 10% A2 AL RS olgE S
Hel A73o)E Bo) 2 A2, BI5 /)
B AR o FA 2ol weh Ha sweld A

10%2] €58 ATE Y 5 Uthe A& T3t o]9} Zo] &S HA3HA

Ch MA 21 SZ0| 917 M1t =52 Fiely AT
TSl 158 AT ATE AA AL S Hxo AFHRE SEt

doex 7129l 82 Aosl Hio] FNSAE Bl AT B9E
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M1 Wy 2% 33

4) HEX| 2

Zyzte] Aejx|ol= Al 7] AEtiokA, B, C)°] 7|1, JHEAE= Al /1] Ad
el F 71 AFsls shbs At olegls AA AEA AL HEx] skt
F d2 BelFgn. FHAE AHAel A e S4ef v FEoR 74
et A, BE AdlstAY & o dgsta AR 42 A-gole (@A dehE A
T UTE SHEAES 479 £49 et FEEol HUTE Wl ol
AFH(E5ANY S71E Blasty, 7 Asshe dijks AdshA do. Fa=
**EWOP CE sy, oudt F71AQl Hx FrFetA & WA F7HE< Al

= Z7hekA etk

= A A

|t msL' i

<H | -23> MEHX| Of|A|

£y ® A @B ® C(HH)
D ES NeE 88 Jhsd 20% &2 10% &2 0% 52
2 sumwd ois s ML | 5% £ 10%£2) 0% =)
g MAIRTELLST | wransn | enym i o
o CPIST AT AR | g o B .
S35
5 /i7e &SN das su 10,0002 4,002 0%

] [ ] [ ] [ ]

AZRJE EAA= o]&H o2 5882 Y (Random Utility Model) S &-8&3h=
Zlo] dukAolt}. McFadden(1974)] olal 7® t}akE 3 =& (Multinomial logit
model)> TSFe] 8840 N HAdo] SHARY] HEgE o9A FFs F=
A& 2yt ol o AFAATE AAE Agett =3 282 vy
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Qko] =4’ (indenpedent of irrelevant alternative, 1IA)*S WEtTial 7Pg3it, o]
RHoME 4nlAe] IHAELT T F A 84E FAHY v 7k Sl
= ?j?x]—ﬂ- #=71sgE 44 Q(deterministic) F-w-0]3L ThE s}t
+5 2] ?](Stochastic) HF-tolth. AW o® AZETFST
(Stochastic)?] FEO0.=, Sy o) FUS A 1P E] =X =3 (Type I extreme value
distribution) & Gumbel X2 wEtial 7} 3T} (McFadden, 1974) $9AF i7}
Ak At Jd 4, Well e shte] dediek j2RE de I adtre
-

of
(1)

2

T
-
3}
Ll

4z rju
A
rlo

U;=V;(Z, $)0+e; Fle,)=exp(—exp(—¢;)) (1)

AN A = A4 A HA4) T BE theksd sl
U; > Uy (kEA, k= j)& DE/0E AEel j& A9 Zloich o] uf A4

e Ao 2Ry dojxl 72 $EAke] thH F-3-H(multinomial response)< &

ko] aE&=EE 9 AYAAEA SiAE F Aok B A= daddy 2

T2 SEANA & o A5 QF &5 x3st Al Jie] tijbEE AlAlSkaL, SEAL

FoIZl ikl A $A4S53 7HEAEAE Aol ASBAE st Al 719 tijkE

3 =) O 2 AP HAAN SEAE o

EE ol o] tiEs sk o0& AAE 4 QA o|9k wHE A A Fr(indicator
Y, =+

Heh2 Holg 4 gick mebd 2 Az
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ATy HY 28 35

N J
InZ= 313 ¥ In[Pr, | 4]

iz1j=1
54 H(Maximum likelihood estimation)= 2]-8-3}H T Q

214)°l ¢
gk 4= QT (Stern, 1997; Greene, 2000).
S gl 7158 A 7S AT Ao tiF &

oq71M &=
(Marginal Willingness to Pay, MWTP)S =Z3}7] 913l t23 22 448 44
stk
= ﬁlresourceij + ﬁwolcanoij + @reputationij + @curiosityij (5)
+ ﬁ5ta:1;ij +e;

=8 MBS oS ASE S5

ol Ao pi $RAL] HEol UL
ob @ ol o/lol S A HAEE < 14 HAA

<H | -24> HY Hpo MY

e A
resource L2 x|SR ME THsA R (%)
volcano Shat=tol| CHSE ol 52 X (%)
reputation MA 21 4Z A7 M1t 252 714 H 12((H)
curiosity Oix|e| MAOl CHst XIRS T4 B5
tax Y ASAM ddE St H(EH)E REY

oAl 4] (5)ol Zo]9] &52)(Roy’s Identity)= 28314 7l
EAIA S & 4 Stk
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MWTP.,, ... = Ataz/Aresource =—[3,/0;
MWITP, .o = Ataz/ Avolcano =— 3,/ 35
MWTP, ., sion = Atax/ Areputation =— 3,/ 5,
MWjjf)cfu’rinsitu = Ataac/Acumoszty - 64/ﬂ5
6) =8 Zut
A (5B AT AT <; 14350 AAHo] ATk Wald-EAZE 2Ast] Bk
& v, BE FAATE 00lghs AT S FATE 1%01A4 71240 48 1A
2o EAZ o Folsitt w3 TP aegtrol Z3E Al A0l tig A
B BT 55% 1%olH BAHOE Folgch AASHL FET 550l
A5 (tax) ol 1‘41?1 o= (e B2 yehta, ymA £4cH)Ee tg 4
A HHel goz ekt
<# |-25> FH &1}
Coefficient Std.Err P-value
resource 0.0313660 0.0099475 0.000
volcano 0.1132792 0.0178057 0.002
reputation 0.2461484 0.0441528 0.000
curtosity 0.4405535 0.0872417 0.000
tax -0.0003151 0.0000176 0.000
ZEX| T 3612
E -2 Zk(log-lieklihood) -2011.1627
Wald-S A2 547.29
(p-value) 0.0000
7) S84 MwTP =F
aﬂm%ww o S FES T B9 %—7}@2_% s 2ol A

4 ©9le] wrpE v
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4 H MWTPE <3 [-44>0) A= o] Ut TS ZF SAAFo AR 9] 95% 41
T A E QU dE B S 715E AFRS AF AE Bl @
= A A 7hsAd A W T A%T WIPE 99.3490]H, s}t
of thg &Y Ao tig AEA HelE 359510, AlA Hi A7
TEZ I7IA Al ok AElE 1oL 781.20% 01, wR|Q] AlAC tig 2]
3714 FZo] i3 AL A WL 139819908 FAHEJTE ARz o7 Y F
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<H |-26> £dE MWTP

= K| SO AfH (- ) 95% AE|HAZF
L3 x|SR MA TH=A
== Astitd 8 Jtsd 99.34 [40.15, 158.53]
5!
SHAZ o] CEE of =2 M1 359,51 [242.69, 476.34]
MA =20 & A7 gt
CaD oA 7 781.20 [505.46, 1056.94]
a| x| M|Aof cHst
A BIIA £ 1,398.19 [865.94, 1930.43]
2% 2,638.24

8) I2ChS0l 7|28l X PAIS} oiTo| WA &5

el =3

G 7159 AFRSE A7 ARG HIAATEA ] ARt el Tt 7
B2 B3 AL 5 Atk 4 BAA F7EAIEE 2016 ITFEERAL THRE
of we} 20161 F 7F<] 19,837,66571 0 B Aol S 5
H(2,638.24¢) S Fetth olF T3l AME EFUF 71E5H AFRS AT A
A7FA 9] Az o)L 52,336.520REd 0.2 Al4kE T

O

o If
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M1y WY 2% 39

4. 2 o7 Algdol| WE TAH| Al Tl AL

& 7158 AFZSE AT ARFOE QI Azt AREE el HIAATEA|
FAol wt 52,336.528 ko), = Ak AH 7eAd Al AePE 1,971
T, skl tigt GjEE Al HeP 2 7,132 5k, AlAl Ha 5 AT 49
TZ23 271 A HeP L 1549790k, npx|uto & <m]x|o] AlAol tigt XA s
714 F5 Hep L 27,737kl o 2 FAE T

<E |-27> ZF 2 AT MY TE AtelHd HEY &

AEIE el 2= EE,
o3 RS M Thsd AT 1971
st o8t o 52 A D 7,132
N7 E3 4F G797 552 271914 M2 15,497
njxle] Mol chet RSN S5 27,737
2 52,337
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<H# | -28> 2lg HE ah)

I
i
2
bell
nE
o
il
ki
g

(es31: gt
A H 52
43 mapme | smmwel | oep gm | TAE A
72 | sEosy | oetols caz A S0l
A2 A g e | LT
Q| e

20194 0 0 0 0 0
20204 0 0 0 0 0
20214 0 0 0 0 0
2022 0 0 0 0 0
2023 0 0 0 0 0
2024'H 1,971 7,132 15,497 27,737 52,337
2025 1,971 7,132 15,497 27,737 52,337
2026'A 1,971 7,132 15,497 27,737 52,337
20274 1,971 7,132 15,497 27,737 52,337
20284 1,971 7,132 15,497 27,737 52,337
2029 1,971 7,132 15,497 27,737 52,337
20304 1,971 7,132 15,497 27,737 52,337

A 13,797 49,924 108,479 194,159 366,359
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1. ZRI 2N XJE

He)/v]E B]E(B/C ratio) /NE WIMAIFEE Helo] HA7IAE H]-&-2] A7}
A2 ke grol 7P & digks Addlste otk AR HlE, el ATl A2
A BJEAY DA miEel dlEeS A8t ol EAVIINYRIE R dA)
Ax)oll BAsh= Aoz Sikste] HlwetA Hed ol @AV eta i) 2t
Arde] Hel-ngHl= AZIAE kE HoF) Hjg o= YehE Zo] gubEo]
w dukA o g HHem|g HlEo] 104 o ARl vkl At

_ PVof B,

PV of G,

T 9] AelA Bo] He/BEH]E&(B/C ratio)2 AFHe] HIE 139 Ho]
%U]"’WF‘ HoF= AolBg AAs] &7t AFge] iAo ® £ /Mg H

< 2 He A97F Bon vlE3 Hele WEs| sk ojEe Wyt Bk o

E]rﬂ At el e E AARskEt o] ML HET|ETe R & onrt Jltt
< 4 gith

@A 7FX|(Net Present Value: NPV)= @A|Z7FXE SH4HE e o] AxPE = 2]
dAlA 27 FARE 2 AR Z S Ao A ¥ dAE
< oJmgth. NPV>0o|H ZA|Ado] Jtkal dAesiet

B/ C ratio

gk
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n B n C
A7 (NPY) = = —Li
WHANEY) = 20+~ A a+n°
o7, B, :mele] #XlIHA
C,  :HI8l S
P ERIBOIRE)
N URE(ERAe )

U572 E(Internal Rate of Return: IRR)-> H|3} H]-8-9] A7} LA ==
] AT &S ov|gith &, oW A AT HEs 0oE 3§
EA% 3] d1ES Yr)gith YR Ee] AlIAERY & AF B
Atgell sl A A o R 81 o Qe olAEREY FA YERE 1 AR
dol vk HrkE 3tk

o rlo

oo

ot ol rlr

n B 1l C
B 2ol = (JRR): 7t = R S
3ol & ( ) ;0 (1+I‘)t =0 (1+I‘)t
of7|M, B, » Helol Y IIR|
C, : HIES ER IR
r 1 ZRIE(01XLS)
n A (M E)

Zy v BEA1- S 7Sl A& skH 94, B/C ratio®t IRRE ARE3Ho)| Qlof of
Aok FAH S Z B/C ratio= AFAF Hl-Eo] 5= AMYS HIF5H
< HEZ02 AT ARIA] &2 9 FYoz AT AJA

LB de ARE FEFo=A AT =+ 3
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ATY 338 871 43

TEARG N Hlsl 2 = @A77 DASA Hol difRANRd ol 4 frelstAl Bt
Hedl, dibAeke s sl shte] it AFgH o2 Ao xR AN F AdEsE)
of 3h= A-97F A&, o] A9 NPVE &0l H71E 58 & gith A= ofd A
2l 741%1** EfgA o] §5At|Zo 2 oju & y|Fd HAoZ oFEs= AL
A7 AFS Aok ah, ZE8AH 0 ® AR, WiFlE 2 Mg vl &

A MAE 55 Ada] 1Hd A4S Wels Aol BE.

2. 74;(-”M _,_A-I 7|E Xﬂ-”

7L 24 ez iz R J1EeE

AR AL A9l F% bl 3
s 208 A3A BgRT H 2 A8 NS BAND 5 JEAS BASE A
Aot} B Aol the -] HAo oA c}%ﬂ 2o 27Ag AR
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B AR 20179 % 4 HJ]
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578
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e

T 2 A £ - Bk AFAST(F=7E T, 2008. 12.)] w}ﬂ} 2
FH AdEgE 24 7|EdEE AAs, B e Tl 20179k EWHA
[©)

=4, o] WA AR & g dog AARY & TdSFe) 7124
AT AT ARy 717191 2019~2023 (AN 7HA] AT AMGS dhgaka, 20243
HE Hofo] TAshs oz E4stal o] TATIE2 20241358 2030744
WA= o g BAsT

AR, BAZFAL 201708 7|Z0Z AFgje] H]E 2 ol A 8sla %1/\}?3 o
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MG, 2 T Aol ALgE ARo] J|hshe Hao ohle} Al met e
F gl Az ARAQ JHXE ekt BeE HL&A Hgo] QojAle BE of
o] glont B4 A4 Aol AR o5 FEslE Aol AsE B8
e A§HA MRS o) FAHE Aol Aol TAR ATE B
A&S H G Zlo] YuHHolTh AFH TASLS BY AFolAsuTh e SF
o= AYHE 1 olfrt A FUALS Gl AYRIHS Hkshe T
7t FE ARoln PREAe vAe] Fa40] B A WrhsHoloksty] mEel
ot 27k EAAe] B4 me B8 A%l AANAE, B

O

&, A4 FATE 5 185t fEEQ oz HEHI} A5 /\].,Q_*E].“! 3|
Eu QiHe s A ASTARe] A T-8% o)A, AR 7

BE 5-0% 2 ABeL SIth B BFIAL KDIel AHRAZA 4
Q

m?l; mlo rlr ¥

G S 7158 A7 A ARG w2 He] % H]8-9] A JHx|stE |
FEES 883 AAAH EAAY BICE 5.85°|th NPVE 214,423+ Y479

<EII-1> =S F0l| 7|52 X8t A+ AlHel EAd 24 22t

= SOIHOA | SRIH|EA B/C NPV IRR
HIEE =4 Zut 258,615 44,192 5,85 214,423 0.57
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ol

7t 45

0.

<HI|I-2> HE HS 55

e ol ZForg
g= e =H ESTET 1 7t
20194 4000 4,000 0 0 -4,000
20204 4000 3,828 0 0 -3,828
20214 4000 3,663 0 0 -3,663
20224 4000 3,505 0 0 -3,505
20234 8300 6,960 0 0 -6,960
20244 4500 3,611 52,337 41,997 38,386
20254 4500 3,456 52,337 40,189 36,733
20264 4500 3,307 52,337 38,458 35,152
20274 4500 3,164 52,337 36,802 33,638
20284 4500 3,028 52,337 35,217 32,189
20294 4500 2,898 52,337 33,701 30,803
20304 4500 2,773 52,337 32,250 29,477

A 55,800 44,193 366,359 258,615 214,423
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47

<HI-3> €ols Hato| e HE 74
4= B/C NPV/(EH 2H21)
2.5% 6.17 252,223
3.5% 6.01 232,456
4.5% 5.85 214,423
5.5% 5.70 197,953
6.5% 5.55 182,893
<HIl-4> H|E #Halof e e 24
4= B/C NPV/(2H HR1)
-20% 7.32 223,261
-10% 6.50 218,842
0% 5.85 214,423
+10% 8.32 210,004
+20% 4.88 205,585
<H||-5> HS| H#H3lof M2 T =M
=1 B/C NPV/(EH THR)
-20% 4.68 162,700
-10% 5.27 188,562
0% 5.85 214,423
+10% 6.44 240,285
+20% 7.02 266,146
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