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REE Mineralization in the Mushgai-Khudag Deposit and Late Mesozoic Tectonic

Evolution of Southern Mongolia

QEF_o|28 thul4a (Otgon-Erdene Davaasuren)! AR (Sang-Mo Koh)!
- 719 ¥ (Namhoon Kim)?-o]®3H(Bum Han Lee)"*
A AALATLY FEALATLEE
AAusta A TAYLA LA
* WA A A} leebh@kigam.re kr

Abstract

Economically significant rare earth element (REE) mineralization is discovered in the
Mesozoic carbonatites of the Mushgai-Khudag, Khotgor, and Bayan Khoshuu complexes in
southern Mongolia. These complexes primarily consist of nepheline syenites, syenite, and
equivalent volcanic rocks. They are located in the Gobi-Tien Shan rift zone, where
carbonatites typically form dikes, plugs, or intrusions into brecciated rocks. REEs in
mineralized carbonatites commonly occur as fluorocarbonates (bastnisite, synchysite,
parisite) and apatite. However, the origin and tectonic environment of these complexes are
still a matter of debate, particularly the REE-enriched alkaline complexes like the
Mushgai-Khudag complex. Our research employs petrology, geochemistry, in situ zircon
U-Pb ages, and Lu-Hf isotopes to gain a better understanding of the genesis and mantle
source of the carbonatites and associated syenite rocks. U-Pb dating, utilizing a sensitive
high-resolution ion microprobe (SHRIMP), yielded ages of 140.3-137.9 Ma and 141.5 Ma
for zircon samples from carbonatite and syenite, respectively. The zircons exhibit positive &
Hf wvalues, indicating late Neoproterozoic to early Devonian continental crust growth
originating from a depleted mantle source. The carbonatite samples show low SiO2 and high
CaO concentrations, distinguishing them from primary calciocarbonatites. Both the carbonatite
and syenite exhibit similar REE compositional trends, implying a cogenetic relationship.
Consequently, we propose that the zircon grains found in the carbonatite are xenocrysts
originating from the associated syenite. In situ LA-ICP-MS analyses suggest that the
Mushgai-Khudag apatite is derived from the carbonatite-silicate magma series, and the
emplacement ages and trace—element compositions of the syenite and carbonatite suggest an
origin influenced by liquid immiscibility. Based on the previous and present researches, we
have developed a late Mesozoic tectonic evolution model, indicating alkaline magmatism and
REE mineralization associated with carbonatite during the late Mesozoic period along the
southern margin of the Central Asian Orogenic Belt (CAOB). This was followed by late
Cretaceous magmatic activities resulting from within-plate extension in the Mongolian

Alkaline Province, leading to the formation of REE deposits in southern Mongolia.
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Pressure/water-driven cation coordination transformation of hydrous borosilicate
melts in the upper mantle: Implications for boron isotope contents and water
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)
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=
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AN W F(S) A& oz 4 723 EAol g FAHs ndd
A RSN A MG AAEAARZ AFES7] 9% 93y 1%
Quantum-mechanical modeling of the energetic and structural properties of sulfur
(S) substitution in apatite: the thermodynamic basis for using this system as an

oxybarometer

2294 A (YoungJae Kim)-0]& % (Ho June Lee)!
Bt A7 AN AYI S AR A

#*O|H Y : youngjkm@pknu. ac.kr

1. A
Q34 18 FE(Cap(PO4y)e(F,0H,Cl)y)S AFoA Uehts 7P ZEI QA (POS) LE0]
. 8 £0]20] F, OH == CIAd w2t EARIF]M (fluorapatite), 413X (hydroxylapatite), &

4218] A (chlroapatite) &2 AREF Hrh A EdolME FAH (SO0l AAA (PO )E A 8st
£ WAUEES B3 P Q1SN 22 O EActe §9% F(S) AsteR B ok(cf. Parat
et al, 2011). SFAI¥F Konecke et al. (2017, 2019)9] | A= QUF4o] @A 4 &&
Al (mafic silicate melt)ollA Z7A3Hd wj AAEH(f,) 2700 o=t gt F S8+ st g
A SP7E RIS Wl wEEE AS AgoR FFHoR IESLh FAHLE, X-ray
Absorption Near Edge Spectroscopy (XANES) #4& &l 7, = FMQY ZolA Z7std
ABA Ul A s*7F AR AFsE AdEleld £, 7F FMQ+1.2014 FMQ+32 S7istel wheh s
7b Sty S RG LAIEIAE Aol EEJTHFig 1). Sadove et al (2019)2 ©l= FL&F9
ZZ A FAH(Phillips Mine)oll A3t magnetite-sulfide ZAolA UelubE QS| Mo A ohFst 3
Abst (S, St ST, S)7E BAlel EAES ERIskgIh siE AE S'T/ST AskeE AW 3
3helgo] EYH A,2EE AR T oAl WA (LR AE )0l s AsE F 3ekE
(8%, §')ol rxHoR WHH ZAoR AL

.L‘
3
ElJ
it
B
=

S Hlgo] AW Aolit EgAS A ABBY 2L /12T & USS WS o]
HATFES =Y, AN T Y F AT Ao 72 Y FAH bl BY o2 ol
o WeHe Holzth E ATt YR AN :

)

© F Y oy 9 123 EAdS

< A W F o] 2A29| oA S (energetic favorability) 2t | goll

ofgt =24 FEd (structural distortion)& SIStk =, I8N W F A& AHst= oot
JEs etk 2 A9 Axe A4 Ul o] 34 4 M -F5 AlAHoA

%

[e] b
FAL A AR ZEE 5 e AN AAE Asdh

R
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2. A+

olYx] ZAs}(energy optimization) AL FAAS F=Q1 CASTEP(Segall et al. 2002)&
ggoto] 3Tt A3} B F FE FREYEY A oUAE L7I7HA] BRE £ £
Al(supercel) o AR A4t 4 AAEY A7 24T AL ZEE YRl
(density functional theory)oll 7]¥Fsto] $aFch QI3|A ©F FEo] digh 7] BEl2 AAH
o2 uyehts Q13N X (P6y/m; Hughes et al, 1990)E AH&3ttH(Fig. 2).

rh

Fig. 1. 1000 T, 300 MPa, M2 ©& f,ZZol Fig 2 & 23 AN mo] o ZFe=9]
A nHEA &8A Uold ZAsE Ao s T2 Wl Frdst opgatdel F2Ae

XANES &4t o] it

3. Ax 3 13

A3]A oA S AsteE AYE FAFA(S0S)0] A (POS) S A o Mz o A
stE BAgst7] 915 A A% (coupled substitution)©] HQstcE 7]E AFolA &4t 2 g2 of
ot T2 FPSA R o|FofFo] & AHA th(Streck and Dilles 1998; Pan and Fleet
2002).

P°" + Ca’" = S°" + Na’ @

2P°" = 8%+ sit” @)
Brian Konecke (2017)2 S4+ AseE AYe ofArd(S032-)0] 4t (S042-) &7

A3 Mol FeEs F2E A} v AT (Eq. 3).

op5*t = 6t 4 gi 3
mdsy Ay ofAtdat At A W okt o] mPAAYe] AIA fL=E U cF

< ok F, Cl, OH7F 1AI8HE column anion Ar2jollAl Hold wi(Fig. 3b)Eth column anion A

g8 T wW(Fig 3a) © A Ae=2 yehdth(eF 15 kJ/mol #Hl).

_’|2_



#3lo]e(S¥) o] YA BEXEE column anion AFElolA IS Z+7F [Cayo(PO4)6S]
I} [Cago(POp)12SX2) (X = F, Cl, & OH) &3tAo] sgste fxoA BUygS 33t o
A (F, ZE column anion A (X)E s} o]0 tha) Al S*& oux] HAstd #
2 UM z = 05 (z = 1749 z = 3/4 Aol9] Wiy W] FAH)ol ARz, FEAS
of st el (Fig. 4) A3, oA HAHsE FRAN SP7F FH g8E(F, CIT =& OH)O
etz = 1/4 B 3/4 iy BHeRRE 1.0-1.6 AT olzHo] IHET AN W A%
9 S¥9 oUA|F tHEE EAQIIMI $ARRIAGETE Q4134 (chiroapatite) & UolA
2 Ao yEdth
B Az Axte 3y o s st A (S, s', $)ol thet d
A qAYST F24 Q5 9 HA 12 HIkE Ayt 2o StE A W oA
# (Konecke et al, 2017; Sadove et al, 2019)¢ gEo] 2 =ug
A3 Yo 22AHoz HPE £ 9lov, Q1A Yo /S HEL taRtd o5 FAE
T UFS HojEn B A9 ALt Axtet dg® A dHlolHE 29 =
stof 3 9 SHd-E4 AlAEIY AARY WSS FASheE AFEehE ARE €8 4 Ue

oY 4+ AS Aotk

=
3z

71z

il

(a) A-type sulfite

Fluorapatite

™  aFE EMw moeR
(b} 54 ® & . & :
34 .1.1." L] T B R g
z=14 w
® o 0o o
DNEES S B B E
. T TR T T T £
z= 1M -'- '. ' ' = :
LT ] ,
End | BIFY, SiClhn | | S{OH}
membe e o
® o
Fig. 4. ¥slo]2(S*)o] REXSHE 3|Aq
Fig 3 olgHtele] mYAAO] (a) column ig ool &(S7)o] FEA 9] Ao
e e Aol (b ol o) U ol 1x1x2 434 REE 7 A
: g2 ksl r
anion AHEE T St (b) e A= oz HAsE 7xolA stel 93 %o

2o thet BEArR md
PR e = 23S wolF,
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AMZ2FE Valleyite & Xuited] o7

Discovery of new minerals of valleyite and xuite

0] (Seungyeol Lee)!
‘Zgojga A7 A

ula ofo]thE 3 Menan IitA|S] FAAM £7] ARAA AFZob(scoria)olM ATHE
Valleyite (IMA 2017-026; Lee et al. 2019)2t Xuite (IMA 2018-135a; Lee and Guo,
2022) 8 TAFH F ASEE 25T AFYory P4 F IEY F2(glass) 9 AEt A EO
H AAXM(q-Fey03), maghemite(y-Fey03), luogufengite(e-Fe,03) ¥ APt F &3 AHE3SH
oh ARG XA 29 I H(XRD)HI FHAARNZ(TEM) 2 ARESto] &89 A= 2 2

R L ESEENE Np

Valleyite FE2 AEZO|E(sodalite) T+RE [-43m 33t &3t AHA sk e
(Caz s1Mgo39) (Fes 97AlL o1 Tinog) O13°1™ 250914 500nme] Z7|2 AtEo] Hrh U=wHglpol2
(Density functional theory, DFT) AAFS Valleyite TE0] Y& 2% FAdoM: FUAH
(metastable)stthe A& HoFRth Valleyite &2 FAT2ZE 645KE 70| AL A7
o] A (Magnetic Hysteresis Loop)< AA (Soft Magnet)9 EAS Hlth Xuite FES

MFM (garnet) +2RE 7R oW [a-3d Tt &3t

A2 3FA2 (CangeMeoos)3(FeoosTio04)2 [ (AlO4H) 044 (FeO4H) 0.33(Si04) 0,05 ((1O4H4) 0,181 3]
® 200nmolA 800nme| A7 AEHTh FEloMe HLQM(FTIR) 3% xute FEOI
3682cm™ ©F 3579cm™ olA F4 tidg HolFgla o)z AYFE ulel OH 9 EAE 4
EPATh  /n-situ 74 (heating) YAFE XA A FEAZI(TGA) E ARG ZFAMA
(DSC) #A12 Xuite FE©°l 236°CHE 396°C7HA ¥ diolA €4S (dehydration
reaction)©ll 2|3t brownmillerite (Ca2FeAlO5)Z2] A®iolE HojZgch

oYl AFE WA XA AW, FAAARUZ, U U BAWY 2FoR AWNA @

A
U 23

vy

ZolH AEBEL WAL UFF SHES ATF 5 Ut K8F ATPS HolET. Yo

=
2 e 86 o B2 AFZES = Aol 7uEH.

ZaE2H: Lee el al. (2019). American Mineralogist, 104(9), 1238-1245; Lee, S., & Guo,
X. (2022). American Mineralogist 107(5), 930-935.
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X-A ASARHO|NE ol A3} A B We AT
olg Z7] AFoIMe] HUY 7] WA Il UE
XFEL-induced iron-volatile reactions and its implication on the formation of

reduced atmosphere in the early Earth

2218 (Jinhyuk Choi)'-Rachel J. Husband?-&3]7 (Huijeong Hwang)??- Z2El& (Taehyun Kim)*
-HF-2o}(Yoonah Bang)!-8&A13](Seohee Yun)'-0]% %l (Jeongmin Lee)!- A3 3 (Heehyeon Sim)*
442 (Sangsoo Kim)* Y2 (Daewoong Nam)*- # &Y (Boknam Chae)*
-Hanns-Peter Liermann?-°]| &4 (Yongjae Lee)"
'AN A A A 28 35t
’Deutsches Elektronen-Synchrotron DESY, Notkestr. 85, Hamburg, Germany
FFAe7|EATY AL FEH

oo T
e RN

7] A|4+e] Zg}F Aol A EAsh= ti7] ek vkant
Hioho] ARgh-ghel iAo Qlo} Wi Fo% IS Fol= Estar s AIHY oA 7150] &
AsHAl ool I S BES] YWeulE Aol me ofgth & AfoME diFE A FTEAY
Theia®] &3t 27] 2|9 tj7] 2 #4494 Aol EA5tHe 3EA 7I1AI(HO, CO; §)7F L2-
39k BA 4F EAstolA vhEE o < AAstglen, olF AYdA AN +H
stz 9l FExR T wie wE 7t 2 vt A 2 WIkE #Este Aol 7hedh X-
A AFAA o)A (X-ray free electron laser; XFEL)E ©]8% HzZ-xZgH 7HE &-&5}0]
A3 HO 2 CO9 &S 7HE-71rda BAlol AAIZE X 3]

7] &40l 10 GPa "9l HAIA H3x}k H,O0 ¥ COx= 47 ¥hEsto] & ASHEQl $AEo
(FeO) ot & (Hy), LATSFEA(CO) 7IAE AAsiith Rid, 27] 4ol 10 GPa °/d<]! &7
olME ol Hp09 45 & U= HZ7IgAHoz HrotEo
e COx7F F7t& Hhgsto] 58 A (siderite; FeCOs)E PJASIUTE o2t 7] 4o & whe
4ol Atole, whamt withk 9F 300 km ZoloAM Q] AFst-2HY A (redox boundary)e &4 7}t
S BEojeth =3 B AR Uitk AF BAS Foll, FEA Y XY HYe=
FEY 72, 2 FEAY Aol tigt 4, skt 233 A tiFEo] s WEd F7HE 4
UE FeO] Foll thst MAE AAIG oH, ol Theiaol 93 tiFET G A 7HEE s
o 2 A7 Ade SEAY A sk HY 27 A= of oJsf ghd/d 7]zt

=2
AHoE AHE 4 948 MPHOR HolFol, 7] ATo|A

rlo
P

¥ &% (Moon-forming impact)

lo
N
rir
Yl

it
e
@
T
b
ox
ftjo
o
ox
ol
ok,
3@
lo
=2
s
@
@)
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o
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o
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4
i)
lo]
o
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27 AA 249 JAT RE 7H5H
Origin and potential reservoir of abiotic native hydrogen

718 /\:1

7] AA 424 (H,; native hydrogen)= HA7tAo] 9 A Eolm, gAZ QA 75

3 ofuARA F2H ofuiA FopolA 1 %—3@01 B2 otk ol WEE BY] AA &
z

7 AN Ui APETE HE =RES A

I AATA EFES At AF7HA] glE x}o‘j Fa0 FQ UG (1) nHALA, (2)
HA(Fe*M)ol FRI d¥oz TAFHE 7|9, (3) fEhgol TR dAjoltt o AMEL AfE
ot At 244 7Rt ada F sigy tiF7INre] 23)52H0] E (ophiolite), |E|&=Eo]E
(peridotite) YANIAM AHEUSE HAQL olth(Zgonnik, 2020). ©] FHAFOIM AR F4F
Agste A2 (a) TAE FE(O, FEA) Fe2+o] A4St Fot B9 Y, (b) WA
Sz IRt #A6, (o) #AE A ZIAA oA (o, @F) ¢ EX #W FHE Y Bg B
olt} (Fig. 1).

Ahsomon Peduection Reductian Heconsuming

by rocks  of minerals o majorfluid  anoxic bactena
H

L
0O

Sinks of abiotic
native hydragen (Hz)

He=rich fluids in the lithosphere

ca. 29 Tg've
o - s
iy iy : I;"n
Magma FdreibermmE Radohsis 4 FaduClcn
alleraticn af crished rocks
|:|E~:;..=|5.5n'|5:| Fr.- rl'||ncr.1|ﬂ of H:0 during earih-

uake..

EI.
l‘
o _.-"' R‘%

,_I:.l-d.p'r_n F-qu_l =hon
£.08 " 10 molyear 107 molyear 47" 10 molyear

Sources of abiotic
native hydrogan (Hz)

Fig. 1. Schematic representation of main geological sources and sinks of abiotic native
hydrogen with their respective estimated annual fluxes (modified from Klein et al,

2020; Zgonnik, 2020).
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2HEE 457 PUgolEg] FEH-NsetE B4 AT
A2e dzolE ERA2aAMY sH54 17
Study of Dongchang Illite from Yeongdong, Chungcheongbuk-do:

Candidate for a new potential source clay

ol'F(Namgu Lee)!-¥eH (Hanbeom Park)!- A A4l (Sei Jei Seong)?-
3= 35 (Dong Heun Han)? 73 (Hwa jin Kim)?- 222 (Jinwook Kim)"
'AM A A A 28 35t
2= AR T

OO

"TAA AL jinwook@yonsel.ac. kr

dolEE A Ao de] BEZshH, thggt 4HYg RopA el &8do] =& HEFEO|Th
THAEE FeTol AT dEolE P2 gn Heto] dAawAo] s BAgElew, Y &
ddtolE P F I X2 ddA ok T wigHES 59 %ﬂ‘%kﬂi FA=o], 2 dZolE
BEFAE FEEA W 52 7I5de Boeth FFAG0IEY JFEFA XSS EAS 18
st7] 9fsto] ARt B4R E B0 oA S/ d=Buk, >2 um, 0.5-2 um, 0.2-0.5 sum,
0.2 m)=E 25t en, X-A 3HEA (XRD)H FARAAANZ A (SEM), TR0 424
(TEM)E & BEx24d3 dolE AAE, 7E Aol dAre A7|E SASIT. 53 Y
|E Buk AlSolAE AHgel E27F FRIFJAT 2 um o]st oM E HEEA] ggton, U

2to|EZF -AIHA
(0.6059) ¥ K 3=F(L15 wt.% =
IM, Al/Si = 05327, K &% = 0.71 wt. %) Zo|7F BT o Aole F F4te] &
THA Ao ot Aoz ZHY. FUHALE, AR EA(EPMA)E F8 S LeolES
ARTF2AE Aitsi, FIHEAAHEFEA (FTIR) & &5 X-A EEAIN HEHA &

o
o =2
v Eew BEXE BME dfoith

ShiA
Hel
_O‘L
rr
Y,
tlo

lstlnh. FPAtolEL oM, BeErUT ¥ AUSE G
)
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9% Yfol= YAl WANY FBIH 54 vl AT
Comparative study on mineralogical characteristics of Yeongdong illite ore

and alteration zone

¥ 2-2] (EunlJi Baek)'-0]¢t(Yu Na Lee)' 5% & (Byeongyong Yu)':
A% (Dongbok Shin) -7 94} (Youngseuk Keehm)"?-Z1@u(Hyun Na Kim)"**
Lpatista A AL

SR L PR LS

2

L
o

Iy

Aol ARtelA 7bg BRSHA AEEE Astolmr FAol} SRENE A4 o
FHETH(Choo, 2001). AAAGIN AHEEE Atol=t ofz ol WA A 142 9%
et Ao dgtole G W EGE FeHA 4 Uk AdHos B8] AW S
o= FAE AU AME A2 o] W g} 2

o wetd B dgelAE 338E 9EAY Aol A o

detolE P4 ARE A E

SHA.

2

o
9
1
18
i)
fru
e,
i)
ie)

B Aol AT Aol FAHE uHon Agstel HYwng BAS AW A, Ag
ol BA RS A UstolEst go] FFs AAslel 7AW RS AgtolEolm AP
Hogo] AAIElol et 2ol SYFoz ettt wHe] WA AR A9 NPy 4
o #& ol%x glom, YgolEr HriHor 4 BAHUL WM FFAY JeolEr F
2 Mgu gHe] Geudoel o8] YAHRST & 4+ Utk X-A FF B4 A, dgtolE P
At WA AR Yol W Men Ny, FAe] FAu At FFHAOU FHBE FT
o Aozt Uergth YetolE Fago] FKASF FM 9 Fego] Fush gash: Aol e
gon o 8| galel Ystol=slrt Ystol= FHol FoF TS WTks AL L 4 Ut

X-A 3 24 23, LdFolE FA Alsclds HAW Al B ALOs, K0, L.OI %ol ¢
A UESH ol WHAUM dSto]lE FAHR dTtolEsrt ZPHA wEt e 2=
3

re 4
re
B
2
>
rir
e,
o
e
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>
b
1o
ity
i)
2
>
—Nr-"
ie)
N
i
)
W
o
uic)
(o]
_O‘L
38
k
ne
>
N

_20_



A Agtol= PAol o

3}
=1,

, ALY SAoNA S PR35}
A batch experimental study on biogenic illitization under high—-temperature

e

and high-pressure condition

H (Hanbeom Park)’

Bl

e} 3] (Tae—hee Koo)' Yuki Morono?-Fumio Inagaki®- 8}

-7 (Jin-wook Kim)"

ERR EPAPRCE
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3 A Foterel T

13
o]

S}
=1

1A A Th
2JAMSTEC, Kochi Institute for Core Sample Research

3JAMSTEC, Institute for Marine-Earth Exploration and Engineering; and Tohoku University
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IODP 348%A+ d7to] s+ E|FE o] U f7]|E0] F5T B MIdZolA Y
A4 HE7Y YolE A A7
Local biogenic illite formation in the organic matter rich black shale; Nankai

Trough sediment core, IODP expedition 348

1 (Hanbeom Park)!- 47|13 (Kiho Yang)'?- 3-€}3] (Tae-hee Koo)!
714 (Insung Kang)'*Yuzuru Yamamoto®- 222 (Jinwook Kim)"*
'AN A A LA 28 35t
PR AtThSta S Fstat

*Department of Planetology, Kobe University

"RAA AL jinwook@yonsei.ac.kr

Aol dojut EA S g AulElo|E-Yato|e o] WS A Age] Aue
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Illite-Smectite Mixed Layer Minerals in surface pigmented layer of the

Ancient Earthenware: Discovery and Technical Significance
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Deep Low-z Element Cycles in Planetary Interiors
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Naturally Occurring Microbe-Clay mineral Interaction

2712 (Jin-wook Kim)"*

GREEERENPC ELEAR RIS BN

The naturally occurring microbial interaction with clay mineral is a consequence of a bacterial
survival and growth strategy. Particularly, this reaction may control the smectite-to-illite
transformation, source of bioavailable iron in the sediments, and evolution of microbial community in
the deep biosphere. In the present study, role of microbial activity in the modification of clay
minerals (e.g., mineral transformation and physico-chemical properties) in the extreme environments

including cryospheric region contrast with a deep burial diagenetic setting will be presented.
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Spatial distribution of manganese oxide minerals in the natural

ferromanganese nodule of the Arctic Sea: A view from Raman spectroscopy

A2 Y (Hyo-Im Kim)"*- 237 (Hyen Goo Cho)'-ol41](Sangmi Lee)!- F&Z (Hyo Jin Koo)'
-%ov}(Jong Kuk Hong)?- 219 (Young Keun Jin)?
Ao sta x| A kstat

A G & B FADTL

FE (], E=27IOIE, HUAO]E
ole} A A|13hsh x719] ¥IHE o]
% B ol AEEE £39 FriUz ¢
& o]gsto @] FFol wE F4 FEY
Astgridz FEe F2 EXA I

o
A3k AW 2oz 139 uoqu UHE Auste] BAEE FAUG AAHNA FFo

L

B AR 9 100 um HAR AMEY 7 AXE olEs St Tl FA
oA AL et AEEYAE GEA HYY BEA EEslo|E] SHHQ Tt Wel ~

4%
733, ~508, ~240 cm A&7} MwstA AT WA, AHEY £3 A7
AR 2 Holo| wal ExRylolES AAsHe B AlSe HAshe

Z FEQ HUA|ES At ~588 cm! ATE F7IR ol: @il FAROME Exg
7to|EZL QAlstH Adgo] ek o] Hjgo] A&Hog FAaFE HojERth o P AAHoR
TABL7] flotel ExgstolE EXE APAHoR AAGH: ~733 cm™'Y AT = () E B
oz ZAsttt w39 FAIA I oF ~0. 7011, Tyo] FAoZRE oF 7500 um7t
A A5 5 A7t AT wet ~0.7014 ~0.22 P3| FAshe 2

3 U ATAQ EERstolE wlgo] wale] ol mrar 27 Zastt= AL UL of o
2AsE 238 Wbz 93 | Asgsiz 2o wsiadw 2 BEo) odlE M5
stomm T o] mE X&HQl 87 2o WaPh FEIEISS Al

[1] Kim, H. L, Cho, H G., Lee, S., Koo, H. J, Hong, J. K., & Jin, Y. K. (2023). Spatial
distribution of manganese oxide minerals in the natural ferromanganese nodule of the Arctic

Sea: A view from Raman spectroscopy. Chemical Geology, 623, 121398.
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Development of Isotope and Geochronology Database and

Application for Data Sharing and Reusability
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A B M E 4 AIRY, Ak, A=, FA SR oI5 7HAE B4 AR iR A=
d o8tk
3) AAQH] AL stte] EAAZ] oy Azt 2AE 4 YAYH B ApoME M @
o7 HEE AFctyied, A& At (Era, Period, Epoch)E& Z7st3lct. wabA
o, Z‘J%%L 2/9gk, Era, Period, Epoch®] 67HA] IS A1 A Aol theh IAF= 7 ofstih.
4) AAAY =Fo] AR 24 HE BA AN A= 2ol A UAA dten
o] FAol wet odet AT ARREUAT wEhA AFEE RE JIAE 4 Aol oig

QA B4 AFpE 7|Hte® Fod4a 2 XA tolgl & A7star #stz] sl 4719 €0
B2 A95}9 i (Reference, Sample, Age, Analysis Result), ZZt9] HAHEE AHEE 4 Q&= 2B
4 Ae 715 Fol HAY vlolgHlolAE FESHATH(E 1).

aY 125 BAUA L AQAY doleel A 2
H g svtos 7EE BAY Holeuol A

7“9]& 71= ZF go]& UoA #L :W\li gele 4~ 1o, Analysis Result Table® 7]9! ID
E RefID, Sample_seq, Method_cd2e] Z§ 23 Age Tableo| H3tch o]t tolE

]I.O
10
fu
el
o ™

Hﬂol/\ T2 M2 AW & AAAY dbolErt FrHE o, €9 #x2 WA Qo]
Analysis Result Tableo] M2& QA Z7161H Hoh:= Zdo] 9ot dlolg Axjger A5

Asto] SFIAE ARGSto] MEet IER doly AA7E 7hedt 22 do] R: HTML,
CSS=® 7WEst= ofEeAol At F55HA #3710l 7H53t Shiny H7|AE AHESHITE Shiny 7]
Al AHrAIgESE HTML 914l 5& ARgsto] & 7hssin, @A 7|Hro =z 7idE|of A
ArE E A7EEo] 7hs St

3. Web Application
3-1. CHIP(geoCHronology Interactive Personal database)

R Shiny 7|§te] ofZgAlo]Ad CHIPZ GPLv3 ojdao] w2t  Github
(https://https://github.com/CNUGeophysics/chip) & =31 44 FE2 doJgHo|AE
Agsta o™, runCHIP.RS 53 ++% 7Hs3tth
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4. I35 A%
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Lunar Zirconolite Dating using EPMA

¥4 (Changkun Park)'713+ (Hwayoung Kim)'
3974 AULTER

Ao} Z =20l E(zirconolite; CaZrTiOn)E &
U, Th, Pbo] Z3t=|o] Qlo] ) =Ho] &8 7h5sitti™ Aot G MojA] AR
FdeolE % o

o] e AL 35
317] 9ol Aojzmatole Qdr) ZAol B7 Belsol £ AAETRAII(15 keV /M AL
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<&9 DEW 120079 3Z4Hd 4| Zr, Ca, TiE 27 AN, =4 Yoz g3
ojmlA|(zh et Aol eo| B FRAFTZA oA (£).

<Fragdd
[1] Wark D. et al. 1973. 4th Lunar Planet. Sci. Conf. pp. 764-766.
] Rasmussen B. et al. 2008. Geochim. Cos—mochim. Acta 72, 5799-5818.
] Wang N. et al. 2021. Progress in Earth and Planetary Science 8, 51.
] Seddio S. et al. 2013. Am. Mineral. 98, 1697-1713.
[5] Rasmussen B. & Fletcher I R. 2004. Geology 32(9):785-788
] Donovan J. J. & Tingle T. N. 1996. Microscopy and Microanalysis 2, 1-7.
] Montel J.-M. et al. 1996. Chem. Geol. 131, 37-53.
] Han et al. 2015. abstract #5170, 78th Annual Meeting of the Meteoritical Society
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Deformation microstructures and seismic properties of deformed epidote blueschist

and their implications for seismic velocity and anisotropy in warm subduction zones

v £ (Yong Park)"
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Lattice—preferred orientation (LPO) of olivine and amphibole in
amphibole peridotites and neighboring hornblendites from Gapyeong,

South Korea and implications for seismic anisotropy

o] A} A (Jaeseok Lee), A3l (Haemyeong Jung)”
MEUn AL ATR A L2 E2EA7LA

Amphibole peridotites and neighboring hornblendites are often found in subduction zones.
To understand the effect of amphibole-rich rocks on seismic anisotropy in subduction zones,
we studied the lattice—preferred orientation (LPO) of olivine and amphibole in amphibole
peridotites and neighboring hornblendites in Gapyeong, South Korea. The major minerals of
amphibole peridotites were olivine (31-51% in volume), amphibole (28-47%), and
orthopyroxene (7-16%). Amphibole in amphibole peridotites showed relatively high SiO, and
low TiOs and NayO contents (S-type amphibole), indicating that it was formed under
supra-subduction conditions. Amphibole in amphibole peridotites showed the type-I, type-II,
and type-IV LPO, whereas amphibole in neighboring hornblendites showed the type-III and
type-IV LPO. In the case of olivine, most samples showed a mixture of A- and B-type
LPO, and one sample showed a mixture of B- and C-type LPO. Many serpentine inclusions
were found in olivines. Fourier—transform infrared (FTIR) analysis of the samples showed
that the olivines contained a large amount of water (~29000-45000 ppm H/Si). We also
found many dislocations in olivines. These observations indicate that samples showing a
mixture of A- and B-type LPO and a mixture of B- and C-type LPO of olivine were
deformed under water—-rich conditions by dislocation creep. In amphibole peridotites, the
P-wave anisotropy of olivine was relatively low, in the range of 0.9-4.8%, whereas the
P-wave anisotropy of amphibole was high, in the range of 6.5-17.7%. The maximum
S-wave anisotropy of olivine was also relatively low, in the range of 0.87-2.89%, whereas
the maximum S-wave anisotropy of amphibole was high, in the range of 3.81-15.19%. In
hornblendites, the P-wave anisotropy and the maximum S-wave anisotropy of amphibole
was high, in the range of 6.9-13.6% and 4.27-10.61%, respectively. The P-wave anisotropy
and maximum S-wave anisotropy of amphibole peridotites was in the range of 2.6-8.4% and
1.73-7.30%, respectively. The seismic velocity and anisotropy pattern of amphibole
peridotites were more similar to those of amphibole than those of olivine, indicating that the
seismic properties of amphibole peridotites were more strongly affected by amphibole than
by olivine, Furthermore, the seismic anisotropy of the mixture of amphibole peridotite and
hornblendite in subduction zones was also found to be significantly affected by the
amphibole LPO in hornblendite.
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A} FZ(classic-tabular architecture)
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Jerram, D.A., 2002. Volcanology and facies architecture of flood basalts. Spec. Pap. Geol
Soc. Am. 362, 119-132.
Single, R.T., Jerram, D.A., 2004. The 3D facies architecture of flood basalt provinces and
their internal heterogeneity: Examples from the Palaecogene Skye Lava Field. J. Geol. Soc.
London. 161, 911-926.
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Origin and potential reservoir of abiotic native hydrogen
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Fig. 1. Schematic representation of main geological sources and sinks of abiotic native
hydrogen with their respective estimated annual fluxes (modified from Klein et al, 2020;
Zgonnik, 2020).
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Examining HSE geochemistry of the Kalaymyo ophiolite, Myanmar

. The effect of partial melting and melt-rock reactions
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(Ultra) high-temperature metamorphism and near-isobaric cooling of garnet-orthopyroxene
granulite xenoliths in the Sancheong anorthosite, Yeongnam Massif, Korea
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Elevated heat flow associated with mafic magmatism in an accretionary orogen has often
been proposed as a driving mechanism for (ultra)high—temperature (UHT) metamorphism.
The Sancheong-Hadong anorthosite-mangerite-charnockite-granite (AMCG) complex, situated
in the southern Yeongnam Massif, Korea, is renowned for the Paleoproterozoic (ca. 1.87-
1.86 Ga) emplacement in association with a variety of granulite—facies gneisses; all of these
lithologies are interpreted to represent an orogenic core affected by intense thermal influx.
Here, we present new findings on the UHT metamorphism and near-isobaric cooling of
garnet—orthopyroxene granulite xenoliths entrained in the Sancheong anorthosite. These
xenoliths record evidence for a varying degree of deformation near the contact with
anorthosite, and contain leucosomes typified by peritectic garnet and orthopyroxene. The
presence of garnet coronas or garnet—quartz symplectites at the interface between
orthopyroxene and plagioclase in the granulite is attributed to near-isobaric cooling under a
relatively low fueo condition. P-7" pseudosection modelling of the garnet—orthopyroxene
granulite reveals peak metamorphic conditions reaching 940-960 C and ~8 kbar, followed
by near-—isobaric cooling and subsequent melt crystallization at 730-740 C and ~6 Kkbar.
Such a UHT condition of granulite is corroborated by ca. 886-894 C estimated from the
Ti-in-zircon thermometry. SHRIMP U-Pb analyses of zircon from two garnet—orthopyroxene
granulites and one leucosome yielded the weighted mean “’Pb/?®°Pb ages that are identical
within errors: 1857 + 13 Ma, 1868 = 10 Ma, and 1865 + 6 Ma for the cores; and 1859
+ 6 Ma, 1859 + 5 Ma, and 1861 + 5 Ma for the rims, respectively. In addition, U(-Th)-
Pb analyses of monazite in two granulite samples yielded the weighted mean 2°"Pb/?®°Pb
ages of 1864 = 9 Ma and 1862 + 12 Ma, respectively, and an upper intercept age of 1860
+ 13 Ma for the leucosome. These results indicate a (near—)complete resetting of the U-
Pb geochronometry at ca. 1860 Ma during the UHT event. The oxygen isotopic
compositions of zircon are relatively uniform, ranging from 8.05%c to 8.30%., except for 7.6
9%o0 estimated from zircon rims of the leucosome; thus, the oxygen isotopic sSystem is
homogenized during the in-situ melting at the UHT condition. Our results suggest that
lower crustal granulite in the southern Yeongnam Massif has most likely undergone ca. 1.86
Ga UHT metamorphism in association with the AMCG magmatism. The near-isobaric
cooling path of granulites is further accounted for by extensional tectonics prominent at the

late stage of the Paleoproterozoic hot orogenesis.
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Geochemistry, zircon U-Pb ages and Lu-Hf isotopes of Triassic
plutons in the eastern Gyeonggi Massif, Korean Peninsula: Magma

genesis and geodynamic implications for East Asia

Q248H(Oh Chang Whan)7}e}1#] ZAEH(Kawaguchi Kenta) & A2+ (Jeong Ji Wan)?
stk 778t

%Graduate School of Integrated Sciences for Global Society, Kyushu University

Fig. 1. (a) Map showing the Permo-Triassic plutons of the Korean Peninsula with tectonic boundaries.
Abbreviations: NCC: North China Craton; SCC: South China Craton; CAOB: Central Asian Orogenic
Belt; KJB: Khanka-Jiamusi—-Bureya Massifs; DB: Dumangang Belt; KM: Kwanmo Massif; MB:
Machollyong Belt; NM: Nangrim Massif; IB: Imjingang Belt; N-GM: northern Gyeonggi Massif;
S-GM: southern Gyeonggi Massif; TB: Taebaeksan Basin; OB: Ogcheon Belt; YM: Yeongnam
Massif; GB: Gyeongsang Basin; HS: Hongseong area; YP: Yangpyeong area; OD: Odesan area. (b)
Geological map of the Yangyang area, northeastern Gyeonggi Massif. (c) Geological map of the
Gangneung area, southeastern Gyeonggi Massif. The sample locations, zircon U-Pb ages, and average ¢
Hf(t) values of zircons in this study are shown on this map together with the published SHRIMP

zircon U-Pb ages of the Triassic plutonic rocks

(d) Map showing the distribution of four types of Permo-Triassic igneous rocks formed in the
subduction, post-collision, slab roll-back, and delaminated lower crust related tectonic setting,
respectively, in East Asia, including the Korean Peninsula, proto—Japan, and China. HS: Hongseong
area; YP: Yangpyeong area; OD: Odesan area; YY: Yangyang area. The ages of the Permo-Triassic

igneous rocks are from this and previous studies.

The spatial-temporal distribution of the Triassic post—collision-related and arc-related
plutons in the Korean Peninsula is key to unraveling the positions of the Triassic collisional
boundary and subduction zones in East Asia (Fig. 1). Zircon U-Pb dating of the Hajodae
Granite, part of the granite-syenite—gabbro complex in the Yangyang area of the

northeastern Gyeonggi Massif, gives a weighted mean 206pp /2381y age of 2280 + 2.3 Ma as
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the time of magmatism with a low zircon crystallization temperature of ~770C. The
Hajodae Granite and two-mica granites from the same complex belong to the shoshonitic to
high-K and ferroan series and show high Rb/Sr and Rb/Ba ratios, suggesting melting of
upper crustal materials and subsequent fractional crystallization. They plot in the
post—collisional tectonic setting fields in trace element discrimination diagrams. Monzogabbros
from the same complex are characterized by enrichment in LREEs and depletion in HREEs
similar to those of OIB, with inherited subduction enrichments, suggesting their
post—collisional tectonic setting. The southern limit of the post—collision—-related Triassic
plutons (~235-225 Ma) in the Korean Peninsula marks a clear line defined as the
Hongseong—-Yangpyeong-Odesan (HYO) Belt within the Gyeonggi Massif, implying that the
belt is the collisional boundary between the North China and South China Cratons (Fig. 1).
The Namhangjin Diorite in the southeastern Gyeonggi Massif yields weighted average zircon
2%pp/28Y ages of 224.9 + 2.0 Ma and 220.2 = 2.1 Ma as the time of magmatism. They
are characterized by low Y contents (9-12 ppm) and high Sr/Y ratios (91-135), indicating
their adakitic nature. They are highly depleted in HREEs with convex—-downward patterns
between MREEs and HREEs in the C1 chondrite-normalized diagram, suggesting the
presence of residual garnet and hornblende. They are characterized by high contents of
compatible elements, including Cr (150-290 ppm), Ni (50-70 ppm), and MgO (3.47-5.24
wt%), have high Mg# of 60.4-63.4, and show higher zircon crystallization temperatures of
~820-850C, suggesting that the Namhangjin Diorite was generated by the partial melting of
delaminated lower crust due to extension related to slab roll-back of the subduction zone
along the margin of northeastern Asia. Together with previous data, this study indicates
that the Triassic igneous activity in the northern Gyeonggi Massif occurred in a
post—collisional tectonic setting, whereas that in the southern Gyeonggi Massif, Ogcheon
Belt, and Yeongnam Massif occurred in a subduction- or slab roll-back-related tectonic
setting (Figs. 1d, 2). The Triassic subduction zone along the eastern margins of the
Northeast Asia formed by the connection of subduction zones in the southeastern margin of
the South China Craton, eastern margin of the North China Craton and the eastern margin
of the CAOB or KJB (Fig. 3).

Fig. 2. Schematic illustration showing the wvarious genesis for Triassic magmatism in the Korean
Peninsula and the Japanese Islands. (a) Subduction of the oceanic slab between the NCC and SCC
under the NCC before ~280 Ma. (b) Subduction-related igneous activity at the southern margin of the
SCC due to the continental collision between the NCC and SCC during ~280-235 Ma. The SCC
connected to the previously subducted oceanic slab was subducted below the NCC. (c) Post-collision—
and subduction-related Triassic igneous activities in the NCC and SCC, respectively, at ~235-230 Ma.
(d) Post-collision— and slab roll-back-related Triassic igneous activities in the NCC and SCC after
230 Ma. Abbreviations: NCC: North China Craton; SCC: South China Craton; N-GM: northern
Gyeonggi Massif; IB: Imjingang Belt; NM: Nangrim Massif; S-GM: southern Gyeonggi Massif; OB:
Ogcheon Belt; YM: Yeongnam Massif; HYO line: Hongseong-Yangpyeong- Odesan line.
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Fig. 3. Tectonic model for the continental collision among the NCC, SCC, Eastern CAOB, and KJB and
the estimated positions of the subduction zones of East Asia during Permo-Triassic time modified after

Oh and Kusky (2007). CAOB: Central Asian Orogenic Belt; KJB: Khanka-Jiamusi-Bureya Massifs.

* This study was published in Lithos 436-437 (2023), 106955
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Geochemical implication of Eu isotope composition in the granite derived from mantle

soruce material
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A71E A £ QA HJAH(Cho et al, 2013). © udopzt syt
£ A AolEY Al BEX G2 HM-544 BF 114
AL EANM BaE AET ole fASHT ollst fAMYS %
£ 5Ys A siEs A AWMgAY gE R 7H4 (MA)+
f=ch olE vfgoz A LRUE 7 Hol Ariedddats MEL gols A
o, 2% AR HIEYH ol FRUIL AR-AAFRAHCE ME AAE] USS

2ot 8L o
o, =2
il
[e]
N
-
N
r N
0
1o
rlI.

o =T Q9 g9 ox & ol oo
2 o o

re Qo X

ek
sl
30
X
K}
30
o

>4 S A
AZol slgEE 7] AFo] AdFsd EAYT I A719dqd 3ol AHEstz] o Zol
t(Fig. 1; Cho et al, 2017). =3 BFoMe3we AHEFSE0] A719dto = FAlstes, &3
WA HaHAdRE Al7I)] 9F 270-250 Maoll(Cho et al, 2018) A& U (tectonic
nappe; Cluzel et al, 1990)7} AXA oz JAEA S Aoz ZHHAL} 0] LARLEE L Cluzel
et al (1990)°] F=HFA Joh %7](5\—-‘?’] Ze=yol Al7])7F obd #HE7] F-F7]ol Aoyt
fuFsts SHH/ATe F/dUQ o] AYZ (o, vlEZ) oA HE7I 7\714 Al g3 o] A=}
7] WEoltH(Lim et al, 2005). ¥, o] 2ARFo] dojd oF 20 myr.ol 23 7|t Bt e
AEAOIM = P B0l AEEQen, O Ad SHRAREY 7|52 ZotE7] ok

J}O

’

x
f

SAHAATZE B71ddtie] vE F FRulet & tiHlEE 53] Kim et al (2021)°] 22 B
o AT AEAY AHolE Al AT AHXERE & 5 Uk HAFE Tl FLFITEER

. =
" WAAoltY, ol SWWTet BE2 77 (craton) Atole] hH] AV HEFTS o
WalEth © Uobrt o 780-750 Ma®l ZPStol AgEEe BYstn 9o, BER 7239
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=& dHBRE AAPUE AH7|YdAtiE EYA7|(Tonian) 710 Zryjuyot 2t Edo ==
TR dAFEE AU SE AAFSH(Cheong and Cho, in review)

A7t Seuete] 2AeET AA TR NS olsfstitl 388 Aot 2 of
A WrsAok & AR ARl wWol Wob AR, WAE A7 ATirt 3

Atole] A -ZH T2 tH|E 9t UHEE J¥s AFstect 7Itista gl

Fagd

Cho, M., Cheong, W., Ernst, W.G., Yi, K, Kim, J, 2013. SHRIMP U-Pb ages of detrital
zircons in metasedimentary rocks of the central Ogcheon fold-thrust belt, Korea: Evidence
for tectonic assembly of Paleozoic sedimentary protoliths. J. of Asian Earth Sci, 63, 234-
249.

Cho, M., Lee, Y., Kim, T., Cheong, W., Kim, Y., Lee, S., 2017. Tectonic evolution of
Precambrian basement massifs and an adjoining fold-and-thrust belt (Gyeonggi Marginal
Belt), Korea: An overview. Geosci. J. 21, 845-865.

Cho, M., Min, K., Kim, H.,, 2018. Geology of the 2018 Winter Olympic site, Pyeongchang,
Korea. Int. Geol. 60, 267-287.

Cluzel, D., Cadet, J.P., Lapierre, H., 1990. Geodynamics of the Ogcheon belt (South Korea).
Tectonophys. 183, 41-56.

Kim, M.J,, Ha, Y., Choi, JE., Park, KH., Song, Y.-S., 2021. U-Pb ages and Hf isotopic
compositions of detrital zircons from the Seochangni Formation of the northeastern Okcheon
Metamorphic Belt: Implications to the crustal evolution of the Sino-Korean craton since
Paleoproterozoic. Lithos 400-401, 106340.

Lim, S.-B., Chun, H.-Y, Kim, Y.B., Kim, BK., Cho, D.-L., 2005. Geologic ages,
stratigraphy and geological structures of the metasedimentary strata in Bibong-Yeonmu area,
NW Okcheon belt, Korea. J. Geol Soc. Korea 41, 335-368 (in Korean with English
abstract).

Nakamura, S.(PHHTAHES), 1923, SHB=ZARAIEE (X)), RAGERATEE v. 8 (in

Japanese).
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SHES WES Nd ¥ Hf 994

Nd and Hf isotopic characteristics of the arc mantle

Hongda Hao™B}€-(Jung-Woo Park)’
P E e

05 79 YAHEF Nd 2 Hf 28 QS ANT o 2EE SY9a0F 7Y WE (depleted
mid-ocean ridge basalt manlte)2] “)Nd“Nd3t "°Hf/'"Hf H]7} ’\}o%‘:}. SHAIRE, W& A]ZH9
FdL tiRE AYolA g webA, o JAAR tiE A9 POl ozt FEE L7
AN E SHAts o] Wol Sl WE A9 "Nd/MNd= OHE/THE BIE AFESH =Y o] x
#xlojof sty B AoA 18709 AR ¥ SHASoIAM 4tEstes P@FY A (basalt-basaltic
andesite) 34teFe]l Nd 2 Hf 59194 S st FHdS s 23 sHte fis9] B+
INA/MNd e 0.512959(eNd = +6.3)2 95%9] 212 oM 0.513115(eNd = +9.3)0lA]
0.512613(eNd = -0.5)9] ¥stE Holxz FHg "Hf/Hf S 0.283144(eHf = +13.2)=
95%9] A& #FolA 0.283272(eHf = +17.7)°1A 0.282927(eHf = +55)2 WIS HRITh
s WE Nd ¥ Hf 59Y4 F2 WES E4Ads H4Y B4 g3 7 wetA 2A
A 2802 Us £ Ath B2 ¢ 2F(eNd > +57 and eHf > +10)2 4IA EHAHE 9 H-
DE AStEOIA 71YE fA7E 2 TS 7IFAT HolAH ¢ AF(eNd < +57 and eHf >
+10)2 &8AY dTo] ¢ ZF A2 MAHET U2 ¢ 1F(eNd <+57 and eHf < +10)2

ol

P

(o)

Mot BH2) 884 FolM 53] Aojzo]l FRA ATere IFS AA Wtk £ Aol
A AN SIS WES B Nd U Hf WIS ol §ste] ANE s WES) Ast %A UE

= Nd
AZpe] S dFsked 88 AS AL
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Mantle source characteristics of Jeju basaltic rocks inferred from oxygen isotopic

E

=

compositions of olivines (Preliminary study)

712191 (Ji-In Kim)*
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U A dRetel BigAd 714 Agtet A+

Noble gas geochemistry of Cenozoic basalts in Korea

o] &2 (Hyunwoo Lee)*
'Neista A perAatetR

HZA 714 (Noble gases)+ 2HetAoz ¥E3/Ado]l Qe 5AE AUM, 53] dF s9d4
(helium isotope) A& ©l&sto] A AMAHSR A Alggol tigh npante] 7|1Y 24 A1E
o] tt £HUtt AES *He (primordial) ¥ *“He (radiogenic)?] ¥ FHYLAE 7HAH, th7]
%ol 5 ppmeZ EAstE AF ZYYAHE ‘He/'He = 1.4 x 10°22 L&A 9t o #<

1 Ra® 7“915}U%, 2 HFHAREYL (mid ocean ridge basalt)oll tist AF AL 9 AHEL 8 Ra,
SPRMEZRE 7]Q3 28 7|99 dAMEL 5 ~30 Ra, YAH WMEL 5~7 Ra, UEAZL

0.01 Ra® L}EPL}J- Atk

B EFoMe UM AEEE AY R4 7ol it JEE AlFstr] fld, W
i Az, 5%, 5k, e SolM 5% dRA9 FAE YL EAEATE =ostaAt
ot AE UYL BMe ARt AR U v ntante] 7] HES tiEstE gEA, §
A BHEES 1T AJEiolA 3kl (Crushing)sto] &3 7HAE vHIEA 714 59994 AFEA
7](noble gas mass spectrometer)& ©]&dl $3qsitt. EAH Aite sHEWEY T2 A9
LUERA] kom, bMAd WE Zhe] WAt fARRE 5~7 Ra HAE Elth ol dA uie

AE 5994 AE HAE A AA A2 UEF 39 X (East African Rift, Eger Rift, West
Antarctic Rift)ollA A4 WES F&FE ¥ viivtoN UelE ¢ ota EauFQic)

1 = o = = 1c_>.
uEhA, B WREs EAANE Iyt FHe WE 598 HHAM zEste, dekd WE
9] 825 =3t AR oMy mET}el AT A2 (asthenosphere-lithosphere interaction)©] 4143
Vil
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93 FulEdolie d& gAY FAHAAFE: HA A, FAF EY,
AW ¥4
Regional metamorphism of the Wilson Terrane in northern Victoria Land, Antarctica:
Metamorphic age, heat source and implications for the development of paired metamorphic
belt

708 (Yoonsup Kim)"*3+71-€(Giun Han)“Z e}&H(Tachwan Kim)?
ZVE] & (Taehoon Kim)>0]8-% (Yuyoung Lee)*

'Department of Earth and Environmental Sciences, Chungbuk National University

Division of Earth Sciences, Korea Polar Research Institute
3Geoanalysis Center, Korea Institute of Geoscience and Mineral Resources

“Division of Analytical Science, Korea Basic Science Institute

The metamorphic/intrusion ages of two meta—sedimentary rocks and six associated
granitoids around O'Kane Glacier in northern Victoria Land, Antarctica, were examined to
understand potential heat source and development of paired metamorphic belt. Sedimentary
protolith in the study area consists of sandstone, carbonate and pelite, and underwent the
Buchan-type regional metamorphism up to migmatization (700-750 C and 4-5 kbar).
Zircon crystals from a meta—carbonate sample yielded the weighted mean 2°°Pb/?*U age of
492.3+3.4 Ma (to, MSWD=1.17) with relatively high 8“0 values (13.2-15.3 %). The age
is reproduced in that of monazite (491.3+3.7 Ma; fo, MSWD=2.67) from a migmatitic
gneiss sample. Granitoid samples were collected from boudinaged/folded patches in the
sedimentary layers, and show a variety of deformation microstructure. Monazite crystals
from a strongly sheared leuco-granite sample yielded the weighted mean **°Pb/?®U age of
502 +23 Ma (fo, MSWD=2.7). Those of zircon from five deformed granitoid samples are in
the range of ~497-500 Ma, except for ~489 Ma from least—-deformed granitoid sample. The
earlier ages are coeval with high-P metamorphism in the Lanterman Range, and together
with their arc-magmatic geochemical affinity such as negative Nb, Ta and Ti anomalies in
the spidergram, are interpreted as the final stage of arc magmatism in the Ross orogen. On
the other hand, the younger age is considered as post—orogenic magmatism subsequent to
the regional metamorphism. Another heat source is thus necessary to elevate the

geothermal gradient for the Buchan-type metamorphism in the region.
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2 BuEdoiizg) Zugjoly] ngr WSS

Cambrian high-pressure metamorphism in northern Victoria Land, Antarctica

71} (Taehwan Kim)"*
2Ag e AR

]
ZeFol= otolrtet7|-LE2xH|AY] B2A FAL-%Z(Ross

.
ol glew, oz e Ay IF o d

Az
(Delamerian) Z4H%3 2 oip|dEch 53] 4ol BEZEZ EXgo] X3 HHlELoEiE
(northern Victoria Land)olle A¥HA T (paired metamorphic belt) ¥E, ti§s3Hd stAE %,

=
£58-8=3d AA X (passive-active margin) E|AZE, E]HQ19 EJ}(terrane accretion) S
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QEETEEE R E R
20239 BT =87
ntro 2 "t Ysie: Qe Ao UErth (Table 3.1)
Table 3.1 Excess cancer risk(ECR) and hazard quotient(HQ)
] Intake : Outdoor
Intake Soil Soil : TCR
Pathway Soil+Crop Contact %%E:Qrd Inhalation InhéAI\elartion & HI
e Adul 5 18805 3.22E-05 - 4.33E-07 - 5.44E-05
R Chil 2 276-05 353605 - 1.04E-07 - 5.81E-05
Actju' 579E-02  1.44E-02 - 3.01E-04 - 7.26E-02
HQ —L
CQ" 579E-02  1.58E-02 - 7.22E-05 - 7.38E-02
3.2 272 ¥ Yoixo tist 7| =(%)
UISAEE AU oldo] BE EPUZ > BY + AR AF > A9 wuwA FIY #o
2 yehgon njuelesizs ARl ojdo] BT EQF + =B Mz > EQHE > A9 n|At

™

SRR

o2 eyt (Fig 3.1)
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B AP SHWAS U HISBATG R At 28 e@EAE dAsiyol 2

R o
Aow UEton] EYEMAT As Cd, Cu Pb, Zn $3% 55 $ AsWol 9siA=st Axt A
i o

.
=7t EAstHRtE AE5AAS(BCF)S FA(Pb, Zn), IFFHEAAS(SFabs)e FAH(Cd,
Cu, Pb, Zn), FXLHHN=(URFinh) 2 FA(Cu, Zn), HF-FFHLAZLA (RfDabs) o] FA
(Cu, Pb, Zn), FU=EFLF=(RIC)S HA(As, Pb, Zn)2 Astq g S5& LAEHY o
T =220 LdLFF=EF(ADD), 2HEANHE=(ECR), HI'EFAN=(HQ) =&F0o] A4
A e A7t Bkt wEhA, AdAAola Bt st 2E AES] AsiME E.

% wE2ARES FSH7] A% of Aot A wEo] WRI Ao AREL

o3| H-F4t AT A FollA
= F7t =24 %EEE]R]) 39(1), 10-19, 2020.
Aud Hgit 2d¥d

(2] A9+, A71E, ARl A B AR, IFF A&7/l
et g7t tieAl 23 se) ], 28(3), 411-429, 2018.

(3] LA, AeL, oS, AFE EG U TI5H Ui A B H BEsH
Aa 1% FAAFSS)A], 51(6), 876-884, 2014.

(4] YEE, olFF, A, olde, Aee IU T Has 2 F552Y A
SiAd7E vla, oirehg3ere#], 37(11), 619-630, 2015.

(5] 9T 9. 20159 HE53tt ESdAH AL 843, 2015

(6] +47]. EFLd AsNdE7HY olsl. =T FEe] Stedr=EA, 18(-),

128-137, 2018.

(71 As, #3A, 29, S, 97

45 2eq fE71ES Y AdugEm
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Reconstruction of the palecenvironment through Fe—smectite in the basaltic

substrate of ferromanganese crust, the western Pacific Ocean

913 S (Hyeonho An)'?- AA$-(Jaewoo Jung)?-714& (Suhyun Kim)'-7Z2 (Jonguk Kim)?

-8 7|4 (Kiseong Hyeong)?- 1% EF(Yongtak Ko)?-%¥7]3 (Kiho Yang)™
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39 Ao A A|LeolE X9 AAo] Hlm A

Phase transition of zeolite X under high pressure and temperature

o] 3£ (Hyunseung Lee)! 0147 (Soojin Lee)!- 0] &% (Yongmoon Lee)®

L Abry s aL Zlél%%'#%#

1L A
AlZEolE X(zeolite X)v SFAAS Fd-3m 33t
(faujasite, (Ca, Mg, Naz)20AlssSiia0381-240H20) 2 TU =AF2E 7HAe F4 AEHo|E9]
o AlETolE XE AAF R 2533 7171 e vl 538 7HAe EALE Q
JAIA dAsters: FAAY SuiAlz AFEE S ok FAZEA] o] R0l A &TolE
A4 o F2 9 A EA =+ HVIEEREHY ¥4 7t 2 28
o|Folx gt} olF olsistr] ATt ASTolE X A& B, E4 AF, 4=
Ql H4o Yist 7|2ARYE F2 AY=|o] £hth(Frising and Leflaive, 2008; Lee et al, 2007;
Park et al, 2017; Yoldi et al, 2019). Z2u 32 U 3¢9 HIAQ &AstoA A ETolE
X9 EAWS W AdAolo] tight Eas HIoRE AHEolth. £ At HA ZAAFIEY %%ﬂ:rl
2 A|FaehA A4tE 8gsty] A Y d& olsfisty] fIsto], ZAAIO|ESL FUT =
I ASTolE XE ol&dto] dY ¥ 2=
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=
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3. Ay 8 xnF
PTMO 2 E£& AHE3 A™(Fig. la)olA AE2olE X& 183 GPa, 150 CollA 7t & 14
Yol E (gmelinite), YEZ2}0]E (natrolite) @t AW EIC] E (smectite) 2} ZU3F LRE 7HA= &
A2 g7o] sttt "W Uo|EE AlZTolE Xet FYLS dor THFERE 7MW, AlETolE
X7F By o AlEgolE 7+ W& (interzeolite transformation) IS E3] AT ATHMielby
et al, 2022). PTMe2 Bt $£8qZ ARES A (Fig. 1b)olME && AMES Addes
JHZUolEet YERTO|E 2 AlSTo|EZF JAEA] gten, AHEo|ER JF Hof Aol
7 dojth. AlZEolEZE AElE pH &0 Addol] ARES &9 pHEW Fof Al&TolE
ZF Hgk dhdo] EAsHA] 2 Zem A4 4 St
T 7HA PTM AdolM &A=z 2z dgo] 7MixE o PTMo] & W2 Foi7F A&t
E X9 Rt @5t @440l UEERH ol 4y Jrtel wet Rus Ao s FAskg]
o & AdoA AETolE X9 AARGASsE 7€ B F(K = 89(4) GPa)d fARRE 7k
(Ko = 89 - 92(3) GPa)& 7Hl& AS AT (Fig. 2). 7ol A ER] AHEC|ES A
HAed A= B £8AS ARSS oM e AZAA AAREASE 7T ¥, 55 A

3 AgolAE 3.25 GPa ©|F AdEO]ES] K %7P°ﬂ ot HAF A AA A

o]

irieraify mb unis
rriarady (oh . unids

Fewly (degras Stharis (degres
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W otE EAEA ngE] Qi MEFEY E9F, 35hy B4 #HI A
gIute ggag AL A
Variation in physico—chemical properties of clay mineral on microbial effect

in marine sediment: the Crystal Sound, Antarctic Peninsula

BFd 7 (Young Kyu Park)! 833 (Kyu-Cheul Yoo)? &3 (Chung Yeon Hwang)?®
-o]917 (Min Kyung Lee)?- 743 (Sung-Han Kim)?- o)A <Y (Jaeil Lee)?
71242 (Jinwook Kim)'

AN st KA AETstT A MURET &S
S QTA, AR AET SEE

DigUieta A FEATR, HeAl BopT

A28 ARRE (Crystal Sound)olA B5T s EAEE ol&sto] Wi Ade AATE 2
W, d o ARl ot HE FE =24, gohy R A2 2AYd=

._;'_
L HE ggo) 3 WA sk Aol B9 Mol F2% FFUC F 4 U AU
=

)

M gReet 7IHetolu EAIFoRRE VIRl FEo] SSATtd datol s o HE ARESE
of A|stetd WrEE Fol gaddt ouAdS de & Usel EuEUth o] HAM FE=
FE O gl Ho| FF2 oAl ATt A" HizE A9 itk & AFolM ARE HEI A
A ARREE BA] Aol AR E8F 3 2 ool nsEHW Yeyed, gHE gA WA
st 2oz FAHEY, sig ARE A2, G714 2 HiFRE W LdEtelEL A= U
w5, A R 729 wiEe] Fista A% A7t Aagen dtolE U & Hef H|
&0 F7Iske 2oE HAth =3 d&d v ER] Shewanellawtol EEIT ©olE I HE
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Atomic-scale understanding of frictional behaviors of layered—-minerals
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LEEF-UF WY 2R+ H Ssl= AT

A crystal structure and thermodynamics study of strontium-bearing calcite

147 (Sanggeon Kim)'!' AR (Sangbo Soni) - @A = (Sung Pil Hyun)?
8719 (Kideok Kwon)®
st Qs
A AR AT Y

Yool FRE AEEE(SHS YB YA YA 84S KFtE 5 AW A7e] W A
gu3 gow, AEEE-YAN AL WAHINEA V5ol §54 AWE AREHonE I
=] S

WeiMel Aee Weld  F2([R30)Y £ Aw(end-member)Q!  CaCO3/MgCO; %=
CaC0s/ZnC0Oz2] AEAZ EAo] 7H5stARt, Sro & SrCO; £ o] ofgtiyolE 3=
(Pmen)¥Hg 7HA17] wiiZo] AEEE-F WeidS &A= FAsted ofggo] ATt o
WO o= Sroo]2o] WeliA W ofgtauolE AAARE Yo AR H Cai-,SrCOzel
sl Sr o WSt W& F2A 53 dchd dHAEES SRS 7IHhe] HERgeolEo R
Arret At Aakg AARI ALt A, Sro] o] S/ E el ofgtayolE Ral B
S7tke AF%S Btk Weia g4l Ca*'et mhzAlR Atael 6Eigl, ofgbaljolE
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3= A< (solubility product constants)E &4 ezt o}
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Configuration transformation of network modifier cation in amorphous earth

materials above megabar pressures

Shujia Li'-Sung Keun Lee"?
1School of Earth and Environmental Sciences, Seoul National University, Seoul 08826 South
College of Natural Sciences, Institute of Applied Physics, Seoul National University, Seoul 08826 South

Korea

Network—-modifier cations play a crucial role in determining the performance of glass by
imparting additional disorder and flexibility into a network, altering network connectivity and
associated properties. However, the knowledge of the electronic structure and bonding
environment of network—-modifier cations in densified glass networks is absent due to their
complex topological structure and lack of in situ high-pressure element-specific probes.
Non-resonant X-ray inelastic scattering (NRIXS) spectroscopy explores the electronic
transitions in soft X-ray energy range utilizing hard X-ray, which make it possible to
unveil the local bonding environments of low-z glasses within a high-pressure device.'? As
the scattering cross—section of NRIXS is 4 to 6 orders of magnitude smaller than that of
elastic X-rays, its application under ultra—high pressure has been challenging. Nevertheless,
recent progress in X-ray optics allowed us to probe the structural transitions in oxide
glasses and crystals above megabar pressure conditions.>® This study provides the first
experimental evidence of electronic structure changes in network-modifier cations above
megabar pressure through the NRIXS spectra analysis of alumina glass up to 140 GPa. This
widely applied glass exhibits novel electrical and mechanical properties and embodies the
critical composition of subducted mid-ocean ridge basalts.®’ The energy of edge features
remain unchanged until 100 GPa, then shift to higher and lower energy, respectively, upon
further compression, indicating essential changes in the distance between modifier cation and
neihbouring oxygen above megabar pressure. The pressure—enhanced pre—edge intensity of
edges and the emergence of new edge features are indicative of an increasing average
coordination number of modifier cation, enhancive distribution and distortion of polyhedrons.
The results provide the novel experimental insight into the atomic configuration of the
network—-modifier cations up to megabar pressure and complete the missing part of the
alumina glass network. Furthermore, it sheds light on the densification path of mid-ocean
ridge basalts as they undergo subduction and eventually descend to the core—-mantle

boundary.
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FALBIS AAE ol8F B BAY Clumped FHSYES] HujAs Sx
Equilibrium Fractionation of Clumped Isotopes in Water: Insights from

Quantum Chemical Calculations

=A% (Sehyeong Roh)'- o] (Sung Keun Lee)'
et A 7R

AFEA A5t A SAUAL FFFEfM 9 ESH(Equilibrium isotope fractionation
of stable isotope)= EZ 9] FZEX (Vibrational properties)oll 7]°15H, EZlo] X|ZA|AH Y
oM A Tt HAHEE AFALR ofdste U =&S &t °dT AFEH F HO0 &4

AR 70%5 AAste e Fd5tke FAloIH, AR 7l F £F571W WY A

SR olstn ATA AR ALk

ojg] YAz o]Folxl FAto] F9¢ -’1191 2l BN BAL BALA Ho Azt HAAE -
U, ofFA Fol e FAYLLEE Clumped FHLAETHL RED, FAISHA GO ZEE o]
E 994y A BHl/Clumping EA4S #8 4 Atk Y FAAL AqeMe= &
B 18-4tAet 44 Aol Clumping #AZE EaE ot (Liu, GCA, 256, 2016), 17-4t

A} AESaE 2T A4 E9940] BEHS FA7A BaE u i
B AgoNE 16/17/18 Aast £a/F5a/HE440 2POR TEAXE B Bxjo ty

= 7r9) Clumping A71& AZFAoZ HoJsto] A4bsta, O ZIZEE 4AtA9t 4

W4 wWsto] W Clumping A7l W3t sjge EAsigith Bul ¥4 Aol "ed B Bl
5

£ AAHWE  3Fpo|Z(Density  Functional Theory)oll  7]8Hst AR wgh-Ak3d
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Mo
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P
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(Exchange-correlation) ©llUZ]2} Tttt 71 &4 (Basis set)E& ©]85t%] Gaussian 16 ZTE 13
o7 Aitstitt,

FAAY AHERE A" 59 39 IERES JEre AYE A (m) F7H] w2t
Zast, HASE AR ¥y Aol (Bond length)?t Z¥7H(Bond angle)2 7247, 0.963
A 3 104.6°2 sttt moll mel 72E WekA] o, Zero-point olUAE mol F7HE]
et At 21 2AYR WEe B Blg[= 1000#n(B)] A&t £49 mol H]
gsto] F7kRith AFart vi = B9 BARFOl Wb In(Brs) 4ol Buldel 7gA S7tsihH,
27F e A9 nBpwol H& n(Bru)E F 140% 7|0tk =3 4ta7t viAE B9
In(Bme1e) B0F 270 ¥HE A2 In(Bu-wol "Wl Ztl, o]2RE Euighsy Hlg2 AFHE

AUl AYS wgo] 2 JFS T
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=8Hp#0#—6Hp#0-6H O] & 18-4t&%t HFad AboloM 7Pg Am, 17-4t&et AE449]

Me 2x9 4TS 8ot Aol "Qsiy, H|ZEH (Anharmonicity) Z1%E°] 1HE LA
EujA e AL =3 "osith A7sE A Adts B BEAY tgst A xEANAM ] clumped

S7us /18g dEelt v AL8E Aoz g,
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g X4 (DEW 12007)°A #EEE= €49 FA9 EF
Characteristics of alkali feldspar observed in lunar meteorite
(DEW 12007)

218 7 (Hyeong-Gyu kim)'- 88 (Changkun Park)?-¥19 (Sun Young Park)®
218 (Hyun Na Kim)™*
‘gFuistal 2| A g2ttt ;qgg iz/\l 32 56

& A

N g

MR ATAE, HABOIAl AT Hot2 124

M8
‘grdsta gejAAgHATLA

Na-K, Ca-Na iLZAHE olF+= FH[feldspar, (K,Na,Ca)(ALSi)40p)] A4S F3H= A4
2 g, 23 B4 =5 294 SolA BEEE F8 4 FEoI ez
g} Ab-An-Or 9 AZtolojasglolA FAo T/RE FET =
AYolE] (crater) oA HTETE I 249 HIHA AL npAZZYO]E (maskelynite) 2 EHA
o, AMILE}O|E (Shergottite) Ajo]l &A= ZtEZ =20l E (labradorite) &/49 S &
24 E4 (isotropic glass)2 FZ HIJHATH(Tschermak, 1872). &4 GPag 7
g os PAHEE oz I mAAUolEs dWHAo® n|E3t ARl E
(chondrite) @] &7 WA AHLE A5t= A FE2 SEHU(E]l Goresy et al, 2013; Krot et al,
2014).
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Sh
=}
Utk 84 E: 8o

m nﬁi

[ of

2 A J£%! Mount DeWitt(DEW) 12007 E 24L& <Ashd & 53t sgdd
nt2mke] Aolo]l thdgk 1t W 29 U-PbS 3t Auiehd 17t WaiE]oigton (Han et al,
o T AXEJTH(Kim et al, 2019). T

2015) %P@. AR e siotd Edgol st
A 249 mpaZP|UolEo] thsid e W A7 AR HAYAR, e A
o] AR =ol spetx/dao) AP tigt AAAR] Ate nFe Ao,
o

o
AgA FEY FAS 240 Wt BAAS 2= 9 ko] Aot FAStRE, FA S gl
2}]‘

g ¥3tol]l Uit JEE A4S & US FHe=
7o 2 QoA e HE 9 S EGEME Bl DEW 12007 W EA1sk:s rHolA
HI RG] e ZMo] BEHEHE F)lstdey, e FA ujgdo] EAste & 249 A+
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A% 72 Y AR 72 Ho] AT
First principles calculation of structural and electronic transitions

in tin oxide at high pressure

7188 (Yong-Hyun Kim)"*-©]4Z(Sung Keun Lee)'

gt A 7eAatete

FHY P SR WES THSHE ABELS I %Y BN W BRY ol
AEUTHIL ol&i@ A% 72 Wate AT Y u-A7et Ze MY WY

z = S guth AT SR WEC ¢4 B4 oF ~13
w7betel Webe, 4w -x 7] A9 A7lol whet -4 visbule] T o ol gHUL U
w3t spgol st WA ozt WastaAw, f-44 wvue) 3t

=
L 7x golZ Fyst: AL ofggo] waU oW TRAA §AHE
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K/}

7oA AtskEol F
2= 245 ol&shY, ol 7kt 4 Aol A B UFolA ushte = Folol
et AEE FEF & AdsUH2]. B dolMe WEY F2 4 24 Si09 4 Hrht

=]
oMl Ho] AHE 2T = Y& Sn0, FES AR A= WstE 2AbIFUTE Sn0, &
Aol FE HA Fx o A HEg X-A AR 2~"EYLe 2ud/d-gHEEN
(FP-LAPW) WHE& Higo=z st= WIEN2k Z2Izjoz AXstdsuth 33 7oA
Sn0; AA9] Fol2 uif7t 6(H7IY), 7(41 GPa), 8(61 GPa)o & Z7istH, So]22l 4ta

e &7 Al Bloold Har Mooz wWagtuch o] apygolA Ata FHel Ha pzE A
HHASE Aon, 4t v X-Al At AFE-Y ~15 eV FH(E-Ep)olA A2 FE 9

AR B2k FAETHE AS AT 4 YfUT B WAV e Foleu APY AshE]
d
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A% (Cs)ol FHE BTG BEY 98Y Hla A

Comparative thermal behaviors study of Cs—sorbed phyllosilicates minerals

U2 (Sangwoo Park)!'- 7@ 4= (Hyeonsu Kim)! 7 ¥4 (Pyosang Kim)!
-4 %% (Donghoon Seoung)**
LAgoista 2287 astat

2011¢ & FFAInF Al AT AL AMRE QIR dE FFAIRF o] A7t P eqy
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ASE A9 WalstA]l hgkal, 7FAFAolA 200CH

Zrastgleh. W4T d(001)°] 12.36A0.2 TiRE ﬂ%ﬂ%ﬁk Algol F2d 2RERUO]

BYEUolEL Bl B Hob

H

2 storstort, E% stdabAolA F2 dol Hls| ka o HHE E&S BT Hio|oEol
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Limestone purity mapping using hyperspectral imaging system: A case study

of Okgye Mine, South Korea

5913)3} (Huynh Huy Hoa)!-8A3 (Yu Jaehyung)?
2ytista SFX At

“Edthsta A A ghg skt

This study introduces a hyperspectral mapping approach on limestone purity mapping as
well as mixture of different levels of metamorphism occurred on the limestone body by
intrusion of intermediate dyke distributed over Okgye Quarry for the first time. The
mineralogical analysis revealed the mineral composition for naturally occurring samples,
showing various carbonate and silicate minerals, and we found calcite minerals existed in
felsic dyke rocks. The Mg and Ca composition of limestone and dolostone varied
significantly, inferring the mixture of minerals. The spectral characteristics of limestone,
dolostone and felsic dyke rocks showed major absorption features of the target minerals
mixed with the absorption features of accessory carbonate minerals affected by mineral
composition. The prediction models of the purity levels were derived based on the chemical
composition, spectral characteristics as well as laboratory analysis of field samples using
hyperspectral camera, spectrometer and XRF analyzer. As the results, limestone purity
mapping derived by RF, SVM and BLR showed good performance for purity mapping in
over 130 samples with high overall accuracy, kappa coefficient. We strongly believe that the
hyperspectral imaging technique in this paper has great potential for geological mapping and

mineral resources exploration in the future.
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Carbon reaction studies using synthetic birnessite under
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igh—-temperature

and high-pressure conditions
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%]
W7 2SS (manganese  oxide) 2 &5 #F EHE EALIYIIURASEOILE Mn*tP

Mn*lel WUz ol FHeE Azt 69 ool MOZEA Fele FgTxE o),
Mn*lR QIE TR SR Frl Yolent ¥ BAUL Al WHen AHY A4S #
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w
oXx.
M X

M (X-ray diffraction, XRD) A& ZP3Uct

2. AR ¥4 H A Y
2 dFo|AE= Feng et al (2004)o14 AFEE 4tsh-3H (reduction-oxidation, redox)
F7dsto] A Na-HUAlESE FASIR olF 22y A AlEE ARESIH 237t
T4 (Pohang Accelerator Laboratory, PAL) 5A WEQl& W&Este] 23t X-A 3A
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4.34GPat AEsiAI7IAl & 9zt X-A A &4 Ax e 53T
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Identification and classification of Naturally Occurring Asbestos host rocks

using Hyperspectral Remote Sensing: A Laboratory Approach

o)A BH|L Raof B 2 (Grace Malvine MOUGHOA BOUSSOUGHOU NGOLO)!

SA¥™ (Yu Jaehyung)? - $913)3H(Huynh Huy Hoa)!
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“Eethsta A A ghg skt

Asbestos has been recognized as harmful to human health, and, thus, many countries have
decided to remove asbestos—containing materials. Previous studies have used hyperspectral
data to recognize and identify asbestos, mainly asbestos—containing roofs. People are not
always aware of the existence of naturally occurring asbestos. Naturally occurring asbestos
(NOA) containing in rocks has not often been the subject of much study. In this paper we
focus on the identification and the classification of NOA and associated rocks by using
hyperspectral data and machine learning algorithms. A total number of 18 rock samples
were scanned by using a Specim SWIR Hyperspectral Camera 384, which acquired data in
288 spectral channels, ranging from 930 to 2500 nm. The spectral characteristics of
samples were compared to the reference library, and distinctive spectral differences were
identified for limestone, dolostone, and peridotite. The data was trained on two different
machine learning algorithms, random forest and support vector machine. The random forest
classification showed an overall accuracy of 86.15% and support vector machine model also
achieved an overall accuracy of 88.04%. Although support vector machine has a higher
overall accuracy than random forest, the latter was more effective in detecting asbestos.
The use of spectral feature fitting allowed distinct identification of asbestos, dolostone,
limestone and peridotite. This study demonstrated that it is possible to identify and classify

host rocks associated with naturally occurring asbestos using hyperspectral data.
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Synthesis of quantum dots of ZnsS®* and ZnyS?* in zeolite Y
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Count the Number of 3Al 6-rings at Fully Zn?*-Exchanged Zeolite Y using
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Variations of the mineral species in the ferromanganese nodules from the East Siberian

Sea with varying water depths
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Studies on characteristics of precipitates formed during the neutralization
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11.82 3713ty Sa4dAskeE AmLE YAl OF 5.548%=2 F715tH 20mLE YAl 8.07HA] A
A8l F7rstglen, 24mLEUYAl 10, 32mL FYAl 11022 F7Iett AAE X-A Jd&A 2
# Cde Cd(OH)29 HHlZ HEE o™ Cur Brochantite(CusSOy
(OH)g) 2t Tenorite (CuO), Fex Goethite(FeO(OH)) <}t Magnetite (Fes04), Mn<
Hausmannite(Mns04), Zn< ZnSO04-xH.02F Zn029] Hej& vrebyth

F pHE 11714 Z7b71E o NaOHZF 719 A7 ARE: 358 st=golm /1%

we ool PRI FFL Wtk NaOHE FYsHs 5 2 F34 +899 pirl AA3]

7Vt 32 7I=R 6.1-7.5, 2] 5.0-6.1, @ 5.0-8.0, 7t 8.0-10.1, ot 55-6.9°]t}.
% 3

=
© =
AEe pAekedt FAetE, AstEe] e v gAdEE JAES] 27t 7Hg 2 A2

Table 1. Heavy metal concentration of AFAD

Sample No. Cd (mag/L) Cu (mag/L) Fe (mg/L) Mn (mg/L) Zn (mg/L)

AFAD 1000 1000 1000 1000 1000

"AFAD: Artificial Acidic Drainage
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Fig. 1. Precipitates in artificial acidic drainage(AFAD) after adding NaOH

(i) 2 4 (] ] 10 12 id 16 i3 20
1M NaQH (ml)
Fig. 2. Change in pH of 1000 mg/L artificial acidic drainage with adding 1mole NaOH
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Fig. 3. XRD Results of precipitates
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Evaluation of Efficiency in Artificial Acidic Wastewater Treatment Using
Calcined Beeds
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AP 7 wfZE 250 mLEIAA 100 mL(SF 60g) A= AL Ay A FF45 2945
ZyZko] w7 200mlA FYPT F 24A17F B AZTPEE pHE SASHATh 24417 ®ES-SHH
FEAE AY5sto] ICP-AESE $349 522 24sto] AA 282 Fristint

24A17F ¥be Al pHO H3lE= CaCOs beeds(30%)2F MgCOs beeds(30%)olAM ZHzh 5392t
5712 pH7} 6 ol o2 A435tA] 2o Ca(OH), beeds(50%), Mg(OH)s beeds(50% )0l A=
Zk7F 10.129F 8.78% EU w2 o= UERY. Fa59Y At &S SIS ©l 244130
A3 & CaCO3z beeds(30%)0lME Cu2t Feol ZrZF 99.58%, 95.43% % TiEE A AZoLt
Cd¥ Mn, Zn9 ZH<$ 16.07%, 10.67%, 51.38%2] AAEEE UEYTH MgCO;3 beeds(30%) &
Cu®t Fe, ZnollA Z+ZF 99.91%, 99.97%, 94.57% 2 WRE A A=Y Cdzt MnolA 75.07%,
28.09% AA=J. Ca(OH); beeds(50%)7F FUE A4 AF 24A17to] ZAisigle w
Cd¥ MnollA 242 97.85%, 95.53%°] AAE&ES BHoH YHA] Cu, Fe, Zn2 99%°14o= o
EE AA7F =30k Mg(OH)2 beeds(50%) A= Cdxt MnolA Z¥Z; 97.91%, 93.65%2 A7
€& Holy UmA| Cu, Fe, Znd 99%OIFo2 ThEE A|A7F =AUt

4 2 &
50%9] Hl&=2 Az oA pH7F 8501z FEo|l et 57 Fa40] aAes

AAZE "Joh. A4Zbe] AxE AES)E W HFAHSE A7 HE A2 HLSY Camid Eot
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Mgrido] whg/do] £ FPHoR FF&o] AARE Ae & & Utk ELIHE A3tA 2

ARESHE ZET 2] JElE A=sto] AFokA ol &5t =W 35 9 BE7F olsiAH A

Table 1. Heavy metal concentration of HCAW

Sample No. Cd (mg/L) Cu (mg/L) Fe (mg/L) Mn (mg/L) Zn (mg/L)

HCAW 14 143 329 238 2457

"HCAW: Heavy metal Contaminated Acidic Water

Fig. 1. Precipitates from HCAW after 24 hours of treatment.
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Fig. 2. pH variation with time after reaction of HCAW and bead
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Fig. 3. Heavy metal removal efficiency after reaction of HCAW and bead
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Ca, Mg-&4td ¥ £A4EE9 F59&5 2494 328 H7t
Evaluation of Neutralization Efficiency of Heavy Metal-contaminated

Wastewater using Calcium and Magnesium Carbonates and Hydroxides.
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3. Ad A

A3 CaCOse 788°CollA dwistol 43.81%2 AZFH4A7F Ui Ca(OH).S ZH$ 44
1ColA gRiskste 26.14% 9] A7Fo] Fasith MgCOse 254, 443°C & W9 Jwistrt dojyt
o F 56.36%<] Aol HAstal Mg(OH).& 395ColA dHststy 30.31%2 Aol FAght
X-A FJHENZET & A AEES HF CaC0s9 Ca(OH)= 27 Calcite®t Portlandite® U
Elgtorm MgCOs2t Mg(OH)2x= Z47ZF Hydromagnesite®t Brucite® UWEMSTH 800ColA A4S
A8 7% CaCOset Ca(OH)2& =% Lime(CaO)2 UEFHSH Ca(OH).9l A% <tel
Portlandite”t dolsle Zoz Ueitt &A% MgC0:2t Mg(OH),= =% Periclase(MgO) 2
UEHT 13 A Sa5edae dtass B 23 pHREISE AdE o &4 A AR
CaCOs= 20A1%te] A4 pHZF 6.11°1W YAl Ca(OH).= 12.79, MgCOs= 8.45, Mg(OH).&=
8.230|th, &4 & AlgolA CaCOsx= 20AIZFo] A4k pH7F 11.90°1 Ca(OH)z& 12.83, MgCOs
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= 10.13, Mg(OH).= 10.22°]t}. 54 AA 2&& AHEYES W Cd9 ¢ 24 A CaCOs
oA 20A1%F0] Ak 70.14%9] AAES Holw &4 AW Mg(OH)z0lA 91.83%2 AA&S H<l
o U4mAl ARl E 99%°18 TIFES AAZE Hdge EAth Mno A¢= uR7A2 &4
7 CaCOs2t Mg(OH) M7 6.98%, 85.20%9] AAE&S HolW UMA A|lRES 99%°14 Hf
&2 AAZE =AY Cu®t Fedl Zf EE ARoA WFEE AAZ HIJew Zne &4 A

CaCO3 Al&olM 18.13% AIAZF =tk Al AlRolME 99%01/d W78 A7 =AU

4 2 &
iAol GEA W XRDEA A, 4249 koA st HHA Ca-mid2 CaOZ, Mg-wid

2 MgO= RgHE Z& g8 + v 24 A, & AR dF W T35 2d9+E dotst
=
[e]

wold Ego] £ou & U He Forw pH 450l
A

2 Aqe AT Ied (A M3 2021002470002) 2] A¥S Wrop fE|glon o]

Table 1. Heavy metal concentration of HCAW

Sample No. Cd (mg/L) Cu (mg/L) Fe (mg/L) Mn (mag/L) Zn (mg/L)

HCAW 97 3 246 200 1869

"HCAW: Heavy metal Contaminated Acidic Water

Lkl L el i) Fodlandd i i ]|
n - a

- Hysrermuigririle] B g T Codid DHgaiH =00 - Bzt te{ MgiOHL]

Fig. 1. TG-DTA results of Ca, Mg-carbonate and hydroxide
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Fig. 2. XRD results of Ca, Mg-carbonate and hydroxide
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Availability of carbon reduction using oxide and carbonate minerals in density

functional theory
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Analysis of HyO Bubble Size-Distribution in Hydrated Albite Melts under
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: A Preliminary Study for the Behavior Analysis of the Upper Magma of Mt.
Baekdu
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3. A3 9 nF
EFE =X
1, 22k RAIA] BE ZAMAAO|A 2 (63um < Particle < 2mm)7} =& H]&o] UE e

ERo] Hjs] AR AiHo AEg dEsl ¥ HER Uehdt

4 FeET 9=

AR AHY =EHES Lol Y T-N, T-P9 =7t 4 2M=Eglou, TOC 7 HAze
2 odmrt 1A ¥k TOCE 0.12-3.42%°] MAAR EAEglon, T-N2 335-4167 mg/ke,
T-Pt£ 90.2-1663mg/kg®] HAZ EAHIth TOCe T-Po 2% sHdEAE o997 15+

EHAE Fa& 9=

A& 234 8/FE(As, Cd, Cr, Cu, Pb, Ni, Zn, Hg)olA 34 EHE ogd7t MISF
71ES 2Icte AJHol AR Ased, V 538 26k A2 UEUA] ggken, 1, 2& =
AFE HlaRE o, RAREE 7IECR JdUAozs Jo% 2@Brt SH0l UEERTh oY, tiE
2o 34 TEEL SIFE 44E s=7F 7k 371 Fol AREe FAdol YEETH
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Study on the Thermal Maturity Characteristics of Organic Materials based on

Vitrinite Reflectance Analysis

2 A9 (Jiyoung Choi)! - Z1AJQH
R AAQAATYD A QoA AT E

zeHoz Gud SA4S 71Xy mEd mWe duetel W WM & o olid AL
olgsto] 1Y HIEWOIA MAEES ZHsin, AW MAE F /MR §71B AHHSE
2 Wk 4 olth WIRW WAE 2AE ASIHE AR AE, Pellet A%, Pellete] ® ul,
Aulg W Y MR S BHS ANG SHY HER YR ke 7R HEgE
sabmel A AUUAS LT webd, mEds sEUolE atE Zo AUAS AL
sfo] HERlo] WHIE e WA HSEER BAY 4 Ut AnHom, =
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SAHI g ofslo A AtEE= TR EI e FESHY - 2|35k B4
Morphological and geochemical characteristics of manganese nodule from the

East Siberian Sea

T2 72 (Hyo-Jin Koo)' 041 (Sang-Mi Lee)!- 2% 7 (Hyen-Goo Cho)!
7129 (Hyo-Im Kim)"
A oista A A atstat

1. M
D7 23 (manganese nodule) = 97U =

E 9 == & cm olUlolA A
=]

e FEAELE s, drAo= A9
£ Wt ol52 gt A R ofuS Y
o °f, 77t ullol Y 7t
T Ao R WS A Qo griUREe =9 siFEAHE, 2], dojord 5o 3
(nucleus) = FHLE R3] wiiol, o5 &g sixe] AdetA AJAaret 7|$Rs7} s
& BAol vA= FFol Wit FEE AT 4 Utk MEAFA o2 E ol§F EI5 &
Abe 2012 ARAO3B EAME AlFeR & HAES] EAHARAO7C, ARA09C, ARAIOC,
ARAI2B)ES FAHIZ|obs] tHEB-thEAIHOIA tde] HsiA 72T (shallow-water
manganese nodule)E P ol5 4 73-240 moll fAASIL Qlof, FAlol wWE A
Ttz 54 U 434 HSE #istrlel wie £2 718E AT o A
© Ad FAabsd 2" sAMEEors Bt 2E o] 29t o] FHSHA - A|stst /ol
sl A7t
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fluorescence spectroscopy, XRF) %
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3. A H

D7ty zdyo]  Fele= ¥ (spherical), EFLAIH (ellipsoidal), TAH (tabular), ey
(polynucleate), YUEH (tube), EF2H (irregular) 5 67HA ez FEsHFh #2H 2,66070
o] Brtyz"3= o] 2,00671(75.4%) = "—H-r‘jo LA 5, gHdagol 32070(12.0%), &+
2ol 14270(5.3%), FEFol 6971(2.6%)°ltt. HI+F T H &S A4lo] LoldfE F7hst
v %S Holed, HltE @9 HES £4 204 molA 0.6%% ®HH, £4 150 molAM =

i)
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97.1%, &4 73 molAE 100%2 ER1I=EAct @39 Myt FHERAL £ 150 m o449 BE
Ao SM AXY(rough type) 22 FEEFTH a2y, A 73 me TIELS =F-ZH

< 4w, hFEF oi712]2 Y (smooth type) 22 FF= AT

SAHgors] Wriyze o stetx/de £4 160-240 m, 4 150 m, 4 73 m 5 3719
Frlor ARt HlaE T £4 160-240 molA 34H @3o] FHF IstRAS Mn 27.0%,
Fe 3.0%Z, 899 Mn/Feg 7AW, Co+Ni+Cu? T2 488 ppm, = JEZF TIF2 106.4
ppmelth. 4 150 m9 670 @9 o RAS Mn 32.8%, Fe 2.2%=, 1529 Mn/Fed
7FAIH, Co+Ni+Cud &2 288 ppm, & JEF 2 85 ppmolth. #4 73 mY 670 @3
9 HH Fg&REdS Mn 7.3%, Fe 13.5%%, 0.59] Mn/Feg 7HAH, Co+Ni+Cu9 3F2
270 ppm, ¥ IEF FFS 128 ppmo|th

SAE g otsl] WrtH2gdE il wEt M2 o2 FEet detRAe yEhdt 4 200 m
FHoME SM9 13 gt F2 AESEHW, $4lo] LFotALE vy T H|
of 4 73 molME EE I HPor AEdHT au, 9o M3 39
150 m olgolA BRE FUstH, ol &2 Mn/Fe vHl&d #HE 4 Qloh ®HH, £41 73
4SS w-ZMo ujnde ¥ S 92 Mn/Feg 7Hth. BAHlotsl P7iy=
e fAo WE 54 WHelh F3st, &% S ots] Frizd o] FA Aol it
A7F = HeA Fridzdao] digt oJsiE SXAIE 4 A& ez ",

r}l
N
)
f

)
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HutholE RAES AlBH ol AT
A Molecular Dynamics Simulation Study of Vernadite

Gerica Joie P. Castro!- #8719 (Kideok D. Kwon)"*

reiTieta X skt

Vernadite is a turbostratically stacked nanocrystalline layered Mn oxide mineral ubiquitous
in soil, freshwater, and marine systems. X-ray diffraction and scattering research of §
-MnQOs, a synthetic analog phase of vernadite, has provided insights into the mineral
structure. However, the nanomineral structures are not yet unambiguously characterized
because of its unique two-dimensional sheet structure and high disorder of the structure.
For the first time, we have performed molecular dynamics (MD) simulations of Zn-sorbed
vernadite in an aqueous phase. Our simulations predicted that Mn octahedral sheets are not
flat but curved structures with an interlayer spacing of ~7 nm, while an X-ray scattering
study proposed cylindrical and spherical models for them. The degree of the sheet curvature
depends on the number of stacked sheets and the lateral size of particles. At the lateral
edges, we found Zn forms only tetrahedral double-corner sharing surface complexes C(ie.,
octahedral Zn complexes are only at Mn vacancy sites). Our simulations propose the first
long— and short-range atomic structure models of vernadite, which should guide
experimental investigation of the nanomineral structures and chemical reactivity toward

metal scavenging.
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T UgtolE RUAEY Y=ol w2 FEAH B4 B4
Analysis of mineralogical characteristics according to particle size of

Yeongdong illite powder products

-2 2] (EunJi Baek)!'-o]-81H(Yu Na Lee)!- 73U (Hyun Na Kim)?*

LgzTista X487 et
2 =] =
FrUeta P ARFATA

1. M4

dztolE(lllite) = HEA EAYY FAHRLE F 79 ArHA|H(Tetrahedral sheet) Abolol]
7N ZHA T (Octahedral sheet)o] ARt FRZ o]Foix e HIHIY HEZFECIHH(Grim
et al, 1937). ¥TolEE BUE 7lFsto] QJmel ko] wet ofz] FoplA &&Hh Y=t
23 dgto|E FHo] SPEEo] EEEH Y=7t A3 ATolE I

& oFE 9
ol U AEL EWAMBA U AZuhA]l Sol FEHTH(Choo, 2001). EF Ugto|EF} HEA

=

2 AHS BT & 9k S4S ¥8oto] AN AF AGAe FHEAZA daE YW
b e, ol F2 542 dvtolEd] ¥ U dmol weh Fed S glth(Hwang et al,
2016)

FAEE JBAYGoIA AEEE d2tolEL 100 mesh, 325 mesh, 1000 mesh 5 ThEFdH ¢

H
=2 guiEa ok dEtolE EHAIEY EEETF €EHA7] wWigd ERAIES d= W
| F2sit wWetd 2 AfolMe FHEE o

= Ao

AN TulEm QY YotolE BANEFY THBE, T Y%, WA= S e BEIA
E

hl

)

2 Ao E FHEE @ =
wuista e A 23S AASTh detolE EUAIFS dolE FAtoM FAE AHHT
7hgstol o= ok A Al B9 AF F, 100 mesh, 325 mesh, 1000 mesh, 2500
2 AdAstelen B A Y AlFolAE= 200 mesh,
325 mesh, 1000 mesh®] 371 AFE & A1 Wi AE= AAS A B 94 5 3 A4A
3

Al A = #uista glglen o] AlF= & A

AlB=E ﬁ’éﬂf’“}?«i‘:}.
Z 8719 AolE BETAEFS AL EY olE HAHFHoRE EBEAMsH] s Ad=EUsa 3%
AFALEHNA X-A 3)AH BA(X-ray Diffraction analysis, XRD)S Z3sIct FAHAE LAE
Z

dot®E 7] 5] WUt ActlabsollA X-A ¥F EA(X-ray Fluorescence analysis, XRF)& %!
doton JrE HEs| mefstr] e A AAUFALUOAM Holx FH Y= EXMVE
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&5to] Y= A (Particle Size Analysis, PSA)& sttt YAa7|er FeHiE #&st7] fAsh
SFUigta FEAPAEHAA  FAIHAEY] o|xtzd&poju]A]  E-A](Scanning Electron

S| 7
Microscopy, SEM)& A#steith. Eat S 3] A AR A A0l MAE BA S ettt

Ygto|E FUAEO| X-A @ BN A} FHEE GETo|M AFEHE UfolE9 Fo T
A

W FEe AtolE o WMem o] Agut FAoln sl P X-A AMIAL Ui @

2 4 %
ot AHEA Axb A dx BELAIZ 3 100 mesh, 325 mesh, 1000 mesh® A$ UztolE U
o m o] shako] QARSHAl WERFAITE 2500 mesh® A9 Atizoz dtolE W wWem glako)
°F 10 wt.% 8% =7 UEth B @A EEAES A9 14T ES vlgo] A9 FAFSHA UE
Sk AANEE EEst pulAA EEAEe] A B QoA EAS dZtolE BE AFE F
dtolE 9 wien FeFo] 7P A UEHom ol SH[AA WHoR Yyt F2 dgolE
e AAT & UMY AdE AR

X-A ¥F BN A3 A B A BELAES FUAE SiO,, AlOs, Fey0s K0 50| IS
on FYUiel UolE U WRH I7F Alo] LJIUB|AE LolEYTE 1 A} YPtolE 9 Wiy
o ghEFol FUKghell whet S0y, NaO e TAsH A AlLO; KO T2 F7ististl Aol
=

NE,
=
Ho
!

o] Sl wet duizez Mgat FAo ke &S] wiEolth

Y= B4 ZAip, A GA EEAEY A d=E2Y F4w(Dso)°l 100 mesh, 325 mesh,
1000 mesh, 2500 mesh ZtZF 158 um, 12.0 um, 4.6 um, 4.8 ym% WEFSTE 100 meshet
325 mesh AFY U= B2Z7F FASH Yt e™ 1000 mesh®t 2500 mesh® Y= E3Z7F Al
2 fFAFHA UEET B 9A REAIEY A d=w2o FLE(Dso)°l 200 mesh, 325 mesh,
1000 mesh Zt7Z} 12.8 pm, 12.7 um, 5.0 pmE YWEFSTE 200 mesh®t 325 mesh® Y=7F FAF
SHAl UERg e 1000 mesh® Yre olEd FHIHA EET pulEA AFS Fe d=E=
9] 247 (Dsp)o] 7.9 umE YEFFC™ 1000 mesh ¥ 2500 mesh® Y=Eot A e

FARAAATE o] A AboIm ] BA A, mE BUAFOA B3P dEtolEt 3o
A gA JAE BESIAT A PAl ELAIES A4S 100 mesh, 325 meshe YAE7]7}

3 1000 mesh, 2500 mesh®] YAZ7|7} M2 H|ZSHA UEIGAIT J=o A3

P&t FolALE F7istth B PAl EUAIES 4% 100 meshet 325 meshel YAA7]7F A
3 1000 meshollAl JAA7I7F Fopx|a FA/dol F7tsith. #ulEA B
SHAl gtZole Esta JAre] =717F 9F 10-20 umeolH HAAoz YA
BT

HaE BN A A dA BEEAES A9 WAMZ(Hunter LZ)7F 100 mesh, 325 mesh,
1000 mesh, 2500 mesh Z}7f 72.9, 74.0, 76.2, 77.52 UEHT B AA EEAIFY A¢ @4
= (Hunter L%)7F 200 mesh, 325 mesh, 1000 mesh ZtZ 70.8, 70.2, 70.022 e £H]
A AE B¢ WA= (Hunter LE)7F 84.98 7Hg A UebHTh

2 A7Z2Y IHERE A LHolE AF A= U FAYHl wEt 2% 540 o

fu
=
o
N
-
o
30

AEel 4 24

2717k FLA
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Choo, C.0., 2001, Mineralogical characterization and applications of Illite. Mineral and
Industry, 14(2), 29-37.

Grim, R. E., Bray, R. H. and Bradley, W. F., 1937, The mica in argillaceous
sediments. American Mineralogist: Journal of Earth and Planetary Materials, 22(7),
813-829.

Hwang, J.H., Choung, S.W., Park, C.S., Han, JH. and Jeon, S.D., 2016, Application of
Yeongdong illite to remove radiocesium for severe nuclear accidents, Journal of the

mineralogical society of Korea, 29(4), 229-238.
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< ZAEEF axa493 O

sRimElol= 2okl bl axoh §AZGE] VST 4RSS
22(vF 29 Je exEg FH02)

%= Shuanghe AHoA ArEH JEHAAZES e oSEA 0
Eo] nly3E AT

odk

;o

78] Yot M Jenner?t Ring Mt. Aol ] 74 Wi
289 Mygutzet X7 W A Qg v5Adole] A&
4 Hetah SEHMNYE o|ZEAo|Ed 2EH PEES AHAA

g3 Zejolols ggel vhant Aadel FotE W AEHAL

Astet: OF of% A1Zte] ABAAL Bujo] oigt 1

Emplacement Age, Crustal Assimilation and Tectonic Setting
of Gabbroic Rocks in the Tiger Gabbro Complex, northern
Victoria Land, Antarctica

AR, 78

ABH, TR, o9, P,
ek

LA, 492, ojmld, ol %9,
Phillip R. Kyle, Xia Wang, Zaicong
Wang






HZ| =0l 289to nRet fAZFEC 7|FE ARNEY EFAAG (W=
do 19 gzes FHo=)
Upper mantle heterogeneity recorded by microstructures and fluid inclusions from peridotite
xenoliths (a case study of the Rio Grande Rift, USA)

B2 2] (Munjae Park)*
'Z2BOgta AL ztstat

Mantle heterogeneity is closely related to the distribution and circulation of volatile
components in the Earth's interior, and the behavior of volatiles in the mantle strongly
influences the rheological properties of silicate rocks. In mantle xenoliths, these
physicochemical properties of the upper mantle can be recorded in the form of
microstructures and fluid inclusions. In this paper, I summarized and reviewed the results of
previous studies related to the characteristics of microstructures and fluid inclusions from
peridotite xenoliths beneath the Rio Grande Rift (RGR) in order to understand the evolution
and heterogeneity of upper mantle. In the RGR, the mantle peridotites are mainly reported
in the rift axis (EB: Elephant Butte, KB: Kilbourne Hole) and rift flank (AD: Adam’s
Diggings) regions. In the case of the former (EB and KB peridotites), the type-A lattice
preferred orientation (LPO), formed under low-stress and low-water content, was reported.
In the case of the latter (AD peridotites), the type—-C LPO, formed under low-stress and
high-water content, was reported. In particular, in the case of AD peridotites, at least two
fluid infiltration events, such as early (typel: CO3-Ny ) and late (type-2: COy-H,0), have
been recorded in orthopyroxene. The upper mantle heterogeneity recorded by these
microstructures and fluid inclusions is considered to be due to the interaction between the

North American plate and the Farallon plate.
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%= Shuanghe A|HollA AEH FEHAFES T2 o EEA0|EY
nAEE AT

Microstructure of the retrograded eclogite from the Shuanghe, China

MR (Sejin_Jung) " 31 (Haemyeong Jung)
'Netista A LerAatetn

2% 539 thl-2% UE3FEUL d87]-Egtololarle] BEZM oflz YE o] A
seA FHE A

AR AdYA Ut} thH|-&F gEFEUHAME 1/238 ¥4 SA7F UE
Ue oo o|E2A0|E =550 #HEEL &2

9] Hanchangchong area®llAl {F 3 FEIH/AZZAES W2 o ZEACIE AR9] mA3RE 74
sto], SEIM/AG T Fol AEEE uAERE AASI AFE BT EZA0IE AEE
SERAAAEOl ooty =F]Mo]l TARRA  + AN %

S
(symplectite) 2 A gtE|o] ot o F2A0|EVL SEW/Y e 4

AEHE|ETL FESH|E Shal, w3]Ao] s FE|RA wol AZHECER 79 HREE »
Aol A71= sk FARARARNF Y] WA H(EBSD) & &83% B4 A, 44 &
APRIA O] AR TR0l & dAstal AEHEC|E YR ZAAM ] AR ko] dAsHAl Hid
ol A= 5 E=ZHE (topotactic) T A %Poﬂ oJsto] ZHdAM ol ARSIl Uy | FAE W
Ak, :41;14 7M1 [001] Fol ZstA Azl obgsgstAl widsta, [100] it
(110) =o] Azl orpAlstA vidsts AAAN G F (AN type-1V AAAZH ) S 2
of =t ot BwH A= A4 Ex"ERt Aol st A AR SHRko] ThEo]
A 5 s BojgEt
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Study on the Trend of Exports and Imports of Aggregate

AFA (Kwang-Seok Chea) - 792 (Namin Koo) - ©]FZ(Lee Young Geun)
- ¥35] &2 (Yang, Hee Moon) - 713" (Park Ki Hyung)

ERREERRIRELESS

L A ¥%

=7 (aggregate) = FAYE (concrete) T OFAFE (asphalt) F 22 HG3te AR E AY4tst
= AFEEY e A} =2 ouA] 9 7ol Wigk AEA Q3 E
2021 AlAl A ik 4239 S5HTECRE HAHE 4199 7HTED Hlwste] 091% SV
A F=, =, SHAF(EU) ¥ u=(USA)TE 2099HE ol ZAE AJitstl HAREL
71.75%% YErEH. f2ivdehs 24 Aato] A&H oz Frrsto] 39 9HTE, HRE 0.85%%
HAR g JEES 2Lt 79E AASHYTE AAAZH SR AdE me W AL 39 5HTE
of A=A, A =7t &= 7, v, UHEHE, ojgdeol, Q= FHEJ|H W ZFAZE
Btk 771 =7ME ATE ol AAtstol WA HfEol 74.69%5 AAIFTHEKAA and KQA,

f

2022). BA $EAL AUE HAN 10379 T, AFA 100.39 Feleh mlawsto] HaiMe
2310 @2, ABHL 2660 T Z7H 247 21689 Yo, 13599 W2 yeyt we 4
Zoje % 17.19 Zeloln A9l 27t £9E 0%, UdE, 59 2 WoldoR yehfon, 4
A =AM 19) ol sEste] A WOl 577%S AAYT. AL $EAL E 2750 T
eolm 49 7 &9l

=, =20], 5, Wrlo|, =2FA Y eAELorR YEHA, 67 =
g wEto] AA HfEol 48.3%E AAYHWTE, 2022). 1950\ dHh o]F =4
AN A+ S7h =ASE 71N A RS 9 A9 stE Qs §45=R SUHT =9
slaml soR A% EX HH W Z4 BAE As) Iy do AE 2= Pk 2011~
20600l A A Fmel 271 AT 24GtollA 55GtE FHIE 7MY A= oddd. a9
U =4 AHE FsiE we AHAE =012 4 e A87MA JFE ThsAol soH, AAA

oz FA B3I AFH ZS5o] M Aoeg HMYEtH(Torres et al, 2021).

N
N
2
H
12
ull
i)
o

>

20219 A &9 Ad= HA4 19379 G, AFE E ZH|9 der 7hEe 34
109.39 get vlasto] HAML 2319 97 Jrieta, AFAS 2669 <9 F7i6l 47
216.89] 24, 13599 22 UEYTH(Table 1). 2 242 F 1719 2= 2 & A&
9 F7t &9l v, UdEeE, 59 2 WUz yeigth 471 7t b o
AA &0l 57.7% AAFTE W olAlotg =T 57 F71Y] FEPAE A AIFeR A

A B F £299 614%2 AAFD Utk A7 £2Ne F 2759 YR Uiy 49 3
7} a9s FF, wa2gol, 5, Wolel, T¥a W easwolz gt 6/ /M 19
ol $Zote] A4 Hegol 483%F AARTHWTE, 2022).
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Table 1. Export value of Aggregated stone from 2010 to 2021(AIM, 2023).

Natural stone Artificial stone Total

vear mill.US $ Index % milLUS$ | Index % mill.US $ %

2010 16,350 100.0 78.5 4,480 100.0 215 20,830 100.0
2011 17,960 109.8 75.7 5,760 128.6 243 23,720 113.9
2012 19,360 118.4 76.1 6,090 135.9 23.9 25,450 122.2
2013 22,250 136.1 74.2 7,720 172.3 25.8 29,970 143.9
2014 22,870 139.9 74.0 8,940 179.5 26.0 31,810 152.7
2015 22,760 139.2 73.2 8,350 186.4 26.8 31,110 149.4
2016 21,100 129.1 72.7 7,920 176.8 27.3 29,010 139.3
2017 20,600 126.0 68.9 9,320 208.0 311 29,320 140.8
2018 20,150 123.2 65.1 10,810 2413 34.9 30,960 148.6
2019 19,135 117.0 63.9 10,819 2415 36.1 29,954 143.8
2020 19,370 118.5 63.9 10,932 2440 36.1 30,302 1455
2021 21,680 132.6 61.5 13,590 303.3 38.5 35,270 169.3

Fig. 1. Export value of natural and artificial stone from 2012 to 2021(Table 1).

3. U= A E%

U FA4YE2 1970t AAIEAS F21o2 F45] Agdstal, 1980dt= F
299 M2 AEEHYod FATF EA7E TS o= 7
Ha sHEFA7E 2Z2EJT 20009tE A=Al 2 RE
TFREFer TAl AFEUR, 20108t &4 ¥
HiohEA] Fgol AHol BA S&FZA7E F7HHATHKIGAM, 2020).

20228 =9 ZA 37 AAE HulE S5t AA, AXA 517 2 Ax B 55 VEeE £
A3t Azt 9F 232,190 Hm? 1111 AHZA(33%) 2 A3 5 71EH59.2%)7F HithrE AHA] o,
HoEA s Ao IF 5o A oib] Aol A2FH(MOLIT, 2022). AHHIEAl=
o= 71 B8 HEFS AX|gta 9low(Table 2), 20199 o|& HAl =A 3FZF9 30% ©
S dHHor FFsta glow, E3] 202080lE 40.9%F AA|Sto] W FAfzt AtHoA
At
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Table 2. Status of aggregate supply rate from 2014 to 2022 (MOLIT,
2022)

Source

2014 [ 2015 | 2016 | 2017 | 2018 [ 2019 | 2020 | 2021 | 2022
(%)
River |09 |06 |13 |11 |11 |04 |04 |03 |03
Sea [125 [11.5 [142 |81 |33 |09 |29 |41 |32
Forest |25.8 |28.6 |33.9 |25.7 [29.2 |38.7 |40.9 |38.9 |33.0
land |20 [22 |19 |68 |63 [65 |57 |56 |43
Others |58.8 |57.1 | 487 |583 |60.1 |53.5 |50.1 |51.1 |59.2
Total | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

A S22 A= HAH 19379 E2, AdEH 109.3% Ze Husto] HAM LS 23.1%
S7ksta, 1AL 26.69 28 S7Isi Z47F 216.8% E2], 13599 E2 = UEHTh 2
19 2oy & A9 =7F &9t vs, URdE, 54 9 @UeE yEEge
o g2jol} #Esto] WA HFEol 57.7%S A, AHE £EA2 F 275
F&fe S5, =290, 5, W7o, Z2F& U LAEZ IR UKL 6
gelold #Esto] HAl HfEol 48.3%F AANU. 2yt FHI Hlasto

o]
=
FA7IE Wi @ AARE, A A
<

e &
2

rlo

oy

—_

I

o
o
=2
o
©
H

N

£8 3 g94 27 uim A3 oA gx, A4
si7bol The BT AR, BTANYLS BAL AT BAH ALAoltn AAst Uk
det AR FHAE A Hevt BAATe Hasele 49 deldon ¢
Aol AAEA A7 51850l BANSHeR AUsiTE B BAA] BAF DA B
eI
gy

AIM(Associazione Italiana Marmomacchine), 2023, Directory.

KAA(Korea Aggregates Association) and KQA(Korea Quarrying Association), 2022,
International seminar for the development of aggregate industry in korea.

KIGAM(Korea institute of geoscience and mineral resources), 2020, Planning for
comprehensive management of industrial stones and natural aggregate resources.

MOLIT (Ministry of Land, Infrasture and Transport), 2014-2022, Report on aggregate
collection status by cities and provinces.

Torres, A., Simoni, M. U.,, Keiding, J. K., Muller, D. B., Ermgassen, S. O. S. E.,, Liuy, J,
Jaeger, J. A. G., Winter, M., Lambin, E. F., 2021, Sustainability of the global sand system in
the Anthropocene, Journal of One Earth 4(5), 639-650.

World’s Top Exports(WTE), 2022, https://www.worldstopexports.com.
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g Z ol AE Jenner?t Ring Mt. A|HolA 23t 2L YR
el wgnlpzst A7 Ul A7 usHdole] A8
Deformation fabrics of amphibole in amphibolite from Jenner and Ring Mt., western

California and implications for seismic anisotropy in the crust

7125t (Junha Kim)-3l™8 (Haemyeong Jung)
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AN Holw FEHUAE ojF2Aol o] ZIE FEEY AR TY U}
ARt v 5P A
Study on the crystallographic preferred orientation and seismic anisotropy of minerals in

blueschist and retrograded eclogite

5}-8-3 (Yoonhae Ha)'73l™ (Haemyeong Jung)*
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= Z#olotdls & ulant A& F3E Y FHY4L
ATsieh: O ok Aze A5HYs Balol dig 2
Sulfide minerals and chalcophile elements in The Pleiades alkalic magma system,

Antarctica: Implications for metal distribution in the continental lower crust

2218 (Jihyuk Kim) 242 (Jung-Woo Park)0]®] A (Mi Jung Lee)?
0]Z9](Jong Ik Lee)*Phillip R. Kyle*Xia Wang*Zaicong Wang*
REELEREL R
A ATE FAAFALE A7
SDepartment of Earth and Environmental Sciecne, New Mexico Institute of Mining and Technology
“State Key Laboratory of Geological Processes and Mineral Resources, School of Earth Sciences,

China University of Geosciences
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ALY ATANY $8S AT PHARY ATFHEH WA
840 43t £9
An Importance of Geochemical Pretreatment of Rock Samples for

Geochemical Applications of Isotope Data

0] (Seung-Gu Lee)”
I LAYATY FEALDTRY

A & Mol Ay F st S greusd dolM Aol x|t gL e F2
St 2|AA7E "ok o= ZUlo] XRF, EPMA #tto] ofyzgt MC-ICP-MS (th5 ZHE7] &
A% Fet=2ur AFEAY]) £ TIMS (Foldt AFRA7|)et e HGAZFEA7F g
A7l BEFHOoZH, Ao Hs] AxAF AAlo] A HFIotd A5E FET = e 7
7F Eobxlth. MC-ICP-MS¢ TIMSt+ BAYAHE AFgstae AUsHA SHAT £ Ae A

Ae

AFEA 7ot &3] Fuio] MC-ICP-MS7t thefRt d7t7| o]l d2] EgEojA]
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O do o @ o pfl ot pob

o p 4 | ha
ghsHAl £ 4 YA HYth HE Lee and Tanaka (2019, 2021a)= Eu S YL4HE 4
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Han7F sl FR AR WtE 7HAWHA HtttE A (Fu T9Y4 BHze)S 47s

(Lee and Tanaka, 2021b; Lee et al, 2023). & ZZF2A CNRSQ Boyet 24H (Nicol et al,
2023) =3 Eu SHYAH Ao tist =82S EastHA, Eud SY4AH Hs BEEA|
Fethal EAstth Boyet i HO =3 B HIEAY =79 & Aol Eu FHaEEHA
&9 42 EAjojRol Uth olet T2 Aol= Boyet w,HO APH I Lee and Tanaka
(2019, 2021a, 2021b) 9] MHI} = resin® AHEHOIA Th23, o|et TEo] I4E&r 27| i
ojty, HbHo| u]Z A7}t Se] Dauphas®$8 (Hu et al, 2023)2 HFHHEHAX-rayiAt
(Nuclear Resonant Inelastic X-ray Scattering, NRIXS)®Holl 2lgt AldAdxE |2 Euo A
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gt} SERYAOAY FoYs BHAEATE HAAHSR oA AFGA AT A GLA|A
do] 2gE Aoz Hoh ¢ Zlo] osig 4 QA dslE & U YT TAYLE A #5

3t AR " Zol,

3

e
%

e |

Hu, JY., Dauphas, N., Nie, N.X,, Roskosz, M., Chen, X., Heard, A., Zhnag, Z.J., Zeng, H.,
Alp, EE, Hu, MY. and Zhao J. (2023) Equilibrium fractionation of REE isotopes in nature:
Insights from NRIXS and DFT +U studies of Eu and Dy phonon density of states. Geochim.
Comochim. Acta, 348, 323-339.

Lee, S-G. and Tanaka, T. (2019) Determination of FEuropium isotopic ratio by
multi—collector inductively coupled plasma mass spectrometry using a Sm internal standard,
Spectrochim. Acta Part B, 156, 42-50.
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Aol d WP ZartolE P WYPn|P2ot A7n} BY AT

Deformation microstructures of experimentally deformed lawsonite blueschist and

implications for seismic property

224 (Seungsoon Choi) "> 1™ (Haemyeong Jung)"*
Letista A et aetn
27| 2R PA Y SABRNATR

Seismic anisotropy and low velocity layers have been observed in the subducting slabs in
cold subduction zones where lawsonite blueschist is considered to be widely stable under
high pressure and low temperature conditions. To understand deformation microstructures of
minerals (glaucophane and lawsonite) in lawsonite blueschist and resulting seismic
properties, we conducted deformation experiments of lawsonite blueschist in simple shear
using a modified Griggs apparatus. Lawsonite blueschist was deformed under the pressures
(P = 1-2.5 GPa), temperatures (T = 230-400C), shear strain (y = 1-4) and shear strain
rates (1075-107%s™!). We found that two types of crystal preferred orientations (CPOs) of
glaucophane and lawsonite in lawsonite blueschist were developed with increasing shear
strain. The CPOs found in this study are similar to those of natural lawsonite blueschists.
Based on seismic properties calculated using the CPO data, glaucophane exhibited a high
P-wave anisotropy (7.7-16.9%) and a relatively low maximum S-wave anisotropy (4.4-
9.2%). In contrast, lawsonite showed much higher maximum S-wave anisotropy (8.3-20.7%)
than glaucophane, but showed a low P-wave anisotropy in the range of 4.7-10.3%. Both
P-wave and maximum S-wave anisotropies of whole rocks were calculated as 4.1-7.6% and
3.0-8.6%, respectively, showing lower values than those of individual glaucophane and
lawsonite aggregates. Furthermore, whole rock seismic velocities of lawsonite blueschist
were lower (Vp = 7.70-7.85 km/s and Vs = 4.35-4.36 km/s) than those of other
surrounding mantle peridotites, indicating that the low velocity layers observed at the top of
cold subducting slabs may be attributed to the CPOs of glaucophane and lawsonite in

lawsonite blueschist.
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Emplacement Age, Crustal Assimilation and Tectonic Setting of Gabbroic

Rocks in the Tiger Gabbro Complex, northern Victoria Land, Antarctica

43 BuEeolds wolA wrelet BeAY JNAY, A4FIAE U A 728

317]2-(Giun Han) 7183 (Yoonsup Kim)'-ZEl$H(Tachwan Kim)?
0|2 (Seung-Ryeol Lee)*0]ZL(Seung-Gu Lee)®
'S5t A3 atetat
PFAATA AFIFEE
SRR AALATY FEFFAAJLER

Mafic igneous rocks of complicated geochemical characteristics and equivocal emplacement
ages commonly appear in paleo—orogenic belts, and disrupt the petrogenetic and tectonic
interpretation. To tackle this issue, we carried out geochemical analyses including bulk-rock,
and zircon U-Pb, O and Hf isotopes from gabbroic rocks of the Tiger Gabbro Complex
(TGC), northern Victoria Land, Antarctica, from which an island-arc tectonic setting with
contrary emplacement ages (~535 Ma vs. ~497 Ma) has been reported. Outcrops of
gabbroic rocks in the TGC are conspicuous in two areas: (1) layered gabbro intruding the
upper metasedimentary rocks; and (2) amphibole gabbro and hornblendite in the lower part.
The bulk-rock geochemical analyses showed that the former samples were belonged to a
calc—alkaline to tholeiite series of the N-MORB-like geochemical affinity with enriched
incompatible elements such as Cs, Ba, Rb, and Sr. The latter samples were plotted along a
tholeiite series with trace—elements patterns like those of BABB. Their bulk-rock -Sr-Nd
isotopic compositions yielded *’Sr/*°Sr()=0.7039-0.7048 and 0.7029-0.7034, and enq = +1.92
-3.47 and +4.44-5.10 for the former and latter samples, respectively, which suggested the
minimum and maximum 7% crustal contamination, respectively, based upon the
mass—-balance and AFC modelling. The crustal assimilation is also supported by zircon
xenocrysts in two gabbro samples, which have a wide range of 8%0 (=4.5-8.0 %), ¢
ur(=-32.2-+2.2), and apparent ages (2873-526 Ma). On the other hand, 4 spot analyses
on zircon from an amphibole gabbro sample gave the mantle signature of O and Hf isotopic
compositions (§%0=5.0-5.5 % and engp= +8.5-20.5), and vyielded the weighted mean
206ph/23%8U age of 495+ 11 Ma (f0). Taken together, the TGC represents the mafic magma

chamber of intra—arc rifting during formation of a back-arc basin at ~495 Ma.
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SCIENCE & METROLOGY SOLUTIONS

APPLICATION NOTE #LG-SIMS-05

IMS 1300-HR?

Dating Volcanism on the Moon with LG-SIMS

U-Pb Analysis of Chang’E 5 Returned Samples

Crater-counting chrono|ogy has been wide|y used to date terrains

Figure 1:

on the Moon. The radiochronology analyses of samples returned by~ pb-pb isochron e
the Apollo and Luna missions allowed scientists to anchor the showing the Chang'e- basall
chronology with absolute ages. In particular, they revealed a basaltic mixing line 0B ;

- between the
magmatism that occurred between 4.4 Ga and 2.9 - 2.8 Ga. But Yintercept as
while crater-counting chronology suggested a more extended radiogenic -
volcanism period (up to 1.2 Ga), no samples were returned to  207pb/205pb and ol Backieler e
confirm those ages. the initial Pb e 4 i Trancuiieyits

compositions. 04 £ B Terlig

The Chinese sample-return mission Chang'E 5 landed specifically on p | Proaphale
young mare basalt units previously dated by crater-counting 0z & A 100 & “*ﬁ;* ly
chronology at 1.2 to 2.1 Ga. These returned samples offer a unique r' ey
opportunity to provide precise age through radioisotopic dating in ol = ?
order to extend the calibration of the Moon crater-counting 9 L 0.003 0000
chronology, achieving a better understanding of the timing and TR
mechanism of late mare volcanism on the Moon. J

The black line is the best-fitted isochron
with an intercept of 0.12510+0.00028
giving an age of 2.030 * 0.004 Ga.

U-Pb (Uranium-Lead) dating requires in-situ isofopic analyses of
individual mineral grains of micrometric size, for which Large-
Geometry Secondary lon Mass Spectrometry (LG-SIMS) is
particularly svited. Indeed, LG-SIMS can achieve the necessary
isotopic ratio accuracy and deliver fine-scale analyses, thus
providing precise isochrons of the crystallization ages of lunar
basalts. Over 150 grains were analyzed by Electron Probe
Microanalysis (EPMA) for their elemental composition before U-Pb
dating by LG-SIMS. The obtained isochrons reveal a crystallization
age of 2.030 + 0.004 Ga for those young lunar basalts (Figure 1),
bringing conclusive evidence that volcanism on the Moon existed
until at least 2 Ga.

ot

g

While previously analyzed samples from the Apollo and Luna
missions provided calibration points in the extreme ranges
(0 - 0.8 Ga and 3.2 - 4.0 Ga), the new LG-SIMS radio-isotopic

data obtained from Chang’E 5 samples fills an important gap in the E
middle range of the chronology (Figure 2). Precise and accurate age =

determination by LG-SIMS is key to this study, and once more
contributes to shedding light on the evolution of the solar system. > sl
ki
Data collected on CAMECA SXFive-FE EPMA and IMS 1280-HR LG-SIMS i |
at IGGCAS Beijing, China. i il Tehs
From Li, QL et al. Two-billion-year-old volcanism on the Moon from Chang’e-5 'I'I'-'.F:_"ﬁ" - v
basalls. Nature 600, 54-58 (2021). ) jiad
i I - G
Figure 2: r et
Critical reference point of the radio-isotope age of Chang’E-5 basalts } T v v - T T
(red point). The different lines represent different models of the crater- 43 a0 38 3p RE OER 13 W @ B
counting chronology. The blue squares are the calibration points el g 1Lial

established from Apollo and Luna samples.

CAMECA o 29 quai des Grésillons o 92622 Gennevilliers o
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