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YEHTFo|E2A LS o] 838t A2F7A 9 SFAFE S AT
Phase transition pathways of iron sulfides at low temperature: A density functional
theory study

AW (Sangbo Son) - #7149 (Kideok D. Kwon)”

ZFAvs A 45w FE A7

A2 (low temperature) 744 dojib= FehdF = [iron sulfide; FeSps (x=
0~1D)]9 Aol A AAFA o2 dojuk= H(ron; Fe)# & (sulfur; S)&] #3}8H4]
oo A Bt A vAYUFOE deiA Ak dA AL A - we vlE
2 Xt Qv FHEAY it d9grow F#oby s (metastable) BFAUSIOlE
(mackinawite; FeS) gt AAl (precursor) 7k ¥ A 9 ‘3 gk (phase
transformations) S AXWA FAE HZ AEZ yHIAc. 3A F3pAFE AFEZ QA
A S A Al et maustolErE e AN 3 9 =H4EL F

A

WS el A FHeAv 2y wavsiolEe) o] Ayt ow wig Ek g
ddol TR AES kAol Wi =, U Bk ofyet AR S vropbdq AY
AT7F A ofHoh A SstHFE] AAN B SEd=52 Al kg
of thalA olda HojFa un & 22 AP oefwS F587] Sl = o556
E3k 9| Wpel ot extE e etA AT g e o4 AL A4 Tkt o
W WA= okrldEl o]2S y|wlo®  dtE W EHE o]l E (density functional
theory) Ait WHS AREete] SF3tA P52 Zrlvtolo 133} HyS ko wE doh4

l d9sty bEA Wl A= %‘E’é‘}ﬂ, olE Edlz A% HbdFEo ARAd A

. (ALB2ZEY - BIYN
20199 ZSASUEY B
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AL A7 AA e FE F¢ v|ABE(FeRB) o &8st =EZUO|ES]
F2/34812 54 Mgt A7
Structural/chemical modification of nontronite associated with low—temperature respiration

by Fe-reducing bacteria

TEl3] (Tae—hee Koo)' - A9 (Jee—young Kim)'"? - AL (Jin—wook Kim)
QLA S AT A 2 asknh A1 T 8B 74

PAFAYRAR NG SR

AU Elo]E—lolE Abdo] ¥hg (S-1 ®ES
Htolle= APA R 3 A AoE EdE AAsAE A dojd n A& sk
S—1 ®REgo] Bl et oA AAA A dojrh= v AAEH F=1te whE2 A
Al wAYFo|Y WA RE of7|E= AFESAE W O 5 st dae Al Ao
% o]Fol Rt webA thekst A A 2] njBEel &gk S—1 WkE-& olsfstal AW et
1A FERAAqA L FEA AAES FHsoH, 2 dAFoAE 2 d3ew AL (
4C) oM BF-LFste vdE dFE ol&T =ERUO|EY Fx Ul §8hA 54 w3
ATE TR

A2 T uAyE 759 Shewanella vesiculosa ¢ Shewanella frigidimaringa
2 A4S AAT ML iAo HFEs, =ERZUOIE NAu-1& 5 mg/mLe FE2 Fat
AlZL F 4T wjg7leA ~17d-1d9] 713bgst vieksialnt. o] F Al5E de] Wes F

C
AANZIAL atste] XAl 3ldEA, d Asle 574, oleunss (CEC) AX, dA-dm|

F B rEzdoEe T2E olF: 3/HES
2 Hol: A% asglon, X-4 IERY AnelNE 67
A-19 719 371 W AR A% F00A0] 11.2 A 0 dekor], Jgue

9 Li A o]Fol= 10 A Aol dgolE 20 540 vEths Zlow gyt

T4 wAske A 74 AEF=C] 3t 54 (T 9 ol nde) o WIte
shAlEglom, Feoor AR &EHs 44 &5 vA AER 2239 94
(FEA, Fes(POy)o - 8H0) 0] FRIEGITE o= AoA m A& tazgo] #&E9 5
drigte] wie Fod LS & F Slae QAT Aoy, F=3 g2 SAGA Y] A
EFEe] @4, ®olad Aol Qo] vl Tos Aol B HE oAM= oleld £44

sob @A v AR OF S—1 wkg W A FukEe At dupt 4Aad, 58 3
Faolq 2 oo el =olatiat gk

CULERELT I E T
P 20194 ZESSLHY =27
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FHHR/AE AFEATE o] &3 JAE ArTHEA B4
A method for analyzing the oxygen isotopes of phosphate using a isotope ratio

mass spectrometer

o] &% (Hyojin Lee) - &A1 (Sae Jung Chang)”
S| e R A Ay A AlE

214+ (phosphate, PO4) & At 9 941H] (180:160, 6 180P04) = A 7]¢H
ol AWA BAe Basta, (P AXNEHNE 2B oldstinl F83A AHgHn

Atk 53], Q184 (CalO(PO4)6(OH,F,CD2) FE AgFx Ul EAlst: it o] Al
2T da (6180POY) &= 1 FEo] FAHG A7 F9 FAAPRE T Qlof, 1
()3 Aol 8- + sk kAR f71Eo] vk x3E 44 A5 A9, A (ex,
HCI, HNO3) & o] &3le 91384 7199 Qatd s FE3= 59 F71-9P)o] &=
F71 71499 it ow i Alsvt edEE Aol Atk

B Ao s f718A(TOC: 2-47 wt%) o] theFdt AzbHglo}r] (~20

k)
ot
S

>

X17] (Isotope ratio mass
o] &3}o] B39 1;]_ Al g4 A g

o
=
=4 gk A AtAEeda

conversion elemental analyzer, TCEA)
spectrometer, IRMS) & 143 TCEA—-IRMS A] ¢l
5l TCEA-IRMS 44 AHAY ATS foted ®+
AMe AAER L, 2FE4e AT @y FAHS

ol ol BT A4 719 Qo] HLBAAL BANS TF IS 0]

()& Aol 8ol 7hed Aoz Vet

[«
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EA5YNE T EERIIE AT

A study of todorokite using the molecular dynamics simulation

159 Juhyeok Kim) - d7]5 (Kideok D. Kwon)”
et ApA eyt =4 g

>
ot
e}

W45 (manganese oxide minerals) < 34 &< HYTXE 7AW, 1
kol B3} kol TR F 9ol MFAL T FTIFEY g zHe o
3]

S gttd. E X2 710l E (todorokite) =

T
JRE AFst7] f18] g2 #FAM] AF7F 7Hest n-dEAEE

A (classical molecular dynamics simulation)S 33ty m @R asesh
=0

= a1

AlgEeeldE ] M s dAE 7Y dEAES ARk dete 7hARsrt

g, H e APl gt Arshdztel S3kd 3 A (force field) = ARE-3HTH
OJEH AR AL EERFIOIES AL V| AFAAS} o 5% olue] v &
& A5 ®ol oWl 1y Wo] AA ErmsolES & AdFvka ddeiglal, theke
Fol&(Mg®", Ni*¥, Ca®’, Na®, CsN)& FFHAA 725 BA8GH Mg® = HE ¢

of SAEA 9Asty AR BY mW o] A5
gdd¥el dA g
ddz wd¥ = BF

o
=
of G4 Eldel ¥ A

n o Z El !
S FAStE A4 T HWi9EtE®E Cstrt EXEIIO]E S} inner—sphere complexE A
g Thsdel vt dddEn ndEAEHE Al EYoldSs S ELREIIO|E U o
2o M3FFE YA7F M2 vr21, Cs*E inner—sphere complex® A3slsE AyE o
Aot wepr] EERFOEVE CsTE adA 0w AAT teAol s Aow ddEn

(AR L2 - SHR2QAAM BHY)|
X

i B |
-4 - 2019 ZSSBYEY =2F
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F b sl g ATEAY T2 U 4 A7 FRRFRHD
Mgy AEe 4749
Earth materials above multi—megabar pressure conditions: Insights from double

quantum NMR and inelastic X—ray scattering

o] Al £ (Sung Keun Lee)

Mt A 787 7 ek

When compressed well above megabar pressures (100 Gigapasal),
non—crystalline earth materials, such as oxide glasses and melts may undergo
structural transitions into more densely packed networks that are expected to be
significantly differ from those at ambient pressure and those of crystalline
minerals. Recent technical advances in synchroton inelastic X—ray scattering (IXS)
and high—resolution solid—state NMR provided insights into the pressure—induced
bonding changes in both non—crystalline and crystalline oxides well beyond 100
GPa. Here, we provide an overview of the experimental and theoretical progress
and insights by IXS into electronic structures of key crystalline and amorphous
earth materials under extreme compression well beyond mega—bar pressure
conditions up to 160 GPa. Advances in high resolution solid—state NMR wvia double
quantum magic angle spinning techniques allow us to reveal the first direct
connectivity and proximity among major cations, such as ?’Al and ''B in oxide
glasses under compression at high pressure. These experimental breakthroughs
shed light on a new opportunity to delve into the hidden origins of the
configurational entropy of the melts in Earth’ s mantle and those in the

Super—Earth bodies.

(AHSIZ L 283 - StA QA 5t

2 5o}
-5 - 20198 ZSUSYEY =27
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P 289 ATHEE FARE o §HE F2E
Ao WE UEYF A4dx W3 3 AT F
Network connectivity of silicate melts containing boron considered as a

geochemical tracer for recycled lithosphere in the Earth' s interior:

Insights from high—resolution solid—state NMR

o]o} (A Chim Lee) - ©]4+(Sung Keun Lee)®
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Aol Hojof gty EAl, WEZHA AYE 7 olok &b, mpA

2 AT W, Eo] ofg o st} o] Al HAE B WSA7|H
I Fel A zpolzt & A AATE B Aolnh ERE ofet
Bav AFAe] A7) "ol =3 s I & Aor oAHT] wEel AT el A

Al AAAZE T Stk FAaE E3F A (incompatible) €

°F 10-200ppm ¥fHo] 1, A WEel= 0.1ppm wm|vto] 3
(Leeman and Sisson, 1996). T3+ ¢-g %9 94 B 2 'B=
0%% o''Be Walegko] At} o F Fo], WAHE % 117‘4 k=
ok 25%,, A3 WEd = ¢k -10%CE R 15Ut (Leeman and Sisson, 1996).
O]o}%EE’J EAE F427F #30.01-10ppm) ¥ e 2 2 L5017 3H5- UHEOﬂ
Astar, Sa7t sk MEZFA] AYete] AxE £t e A A SR E (Smith et al.,
2018), X]?L ol A SaE e ke &A1Y =4 W3t 9 oole #E wAYSF
A7 Qs

o) Al HA 2AE WEL Ak A, EES BEHYE AUA A7
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A vhart el Anel A% % B v 9T 7Y e AP
slavhe Azl of@ olsisk Bestth A% Bol, Y S AYEE FUE
ogragel weh gastn, FREE 4G §A U Mddiae Fio] Fbshu
BaBTh B2 R UG 54 U 24 TE ded] BE WEDL AR 57
S B3 HYE WRE 3T 5 vk S WA ¥ ABE olsE] A
A §He (~24GPa) HelH e MEAD AAE W =N G4 oo Wsl Aug X
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St A4 Fxel 0@ 9ol Wastth of 3GPa YN $AE BRE LToIwA)
O|E £84 (Ca0—By03—Al,05—Si0y) 2] 542 w9 374 WHIl= 3ol ¥ (Bista et
al.,, 2017), st W= @AY A=} F+x 9t o] el F3F o el aldst= e el

A o] MEYZ 94 ol w9l 874 U HEYT dd ke nA= dFo gt o]3
7} A g sttt

AF A Fxo MEAA ddEe] st A ARE Algste WHE T
TG E 3 Mzl7) ¥ EFEA (high—resolution solid nuclear magnetic

resonance spectroscopy: NMR)& ojz] 39| vj9 3H S AHMEHA H39 9=

TR Bl tid FEH ARE Ao 'O NMR 23 EAHE Abx FA 93t

Ao e ARE AT, olxkd O 3QMAS(triple quantum magic angle
e

spinning) NMR A EH LS AAA A9l HAAAALE FeElete] MEYT AdAdEe F2A
o tist ARE AFetct 2 AFolAME NMR 4 #AHS o] g3te] 6 9 9GPa ¢4+¥
ol A g9 %i%‘ St H g4 2FdFu Aol E
(2Nay0—B203—Al;03—4Si02) 9] t&le] W da 4% WsgtE, olde] 58 54, &7

", 2Fe Az 87 wEel HEOL T ekl k.
Aol w1t 2 W (Po), dEQT g4 ol F et ¥HAF il e

o] AbAhE AA Aba(el, Si—0-SD, UMEY A et o] o3| %] vESA JA
o] 239 FfH Aol Eojzl AaE udd Aba (o, Na—0-Si ki 3o} 171l &
¥ NaAlysBosSi0, F#l~2 o3 O 3QMAS NMR A#HEY Ay njdd Abs
Na—0-Si9 ZA7} g, A4 A2l Si—0-Al, Si—0-Si, Si—0-B, 181 &%
°] B-0-B7} &Alet= Zlo] ghefzivt. heglo] S7hghel wet s ZeE A o] Na—0-Si
s} B—0-B9 Ego] 7431, Whde] Si—0-BE Z71etglth o] d ATox F5sl
B NMR Z3¥, &) we} WRrL Z7ists 7o) #aAEgon, w9y Zrto] ulet
B—O-B7} 723 RAow wolth wa ¢tee] wel =718 Si—0-B9 BE 4 #j94al
HAog o, Si—0—-Al 338 Si—0-Si A Afolol= TujF LFr|E A4dd
Si—0-P9A19) A e B2 = gl

Aol W Na-0-Sie] #ave g g FAakde] 3= Hags ovsh
ol whE 1uj9F B4 2 GFelE NS velskd ted 2 vMAYUSE S8 F
_1]:_7]. Zjl—i-&]— 2= 011;].
Na—0-Si + Si—0-""Al - Si—0-"'AI-0-Si + Na
Na-0-Si + Si—-0-¥B — Si—-0-"B-0-Si + Na’

29 Ao A, Na= charge balancing cation®]t}. ©] & o Q%?} %Na NMR 2

[}

s

d

7}, Nao| AlHT} B ¥7HA ¢l WX (spatial proximity) 7} B o022 Fx}2] 2o 9
d Na—0-Si9 #47F ¢4 Zo=z AZHET Na-0-Si9 #as 1% Ao 54
5 A Y &5AY FARS] SUHE ob1E Aolth Nast B A<l AWUET}

=
o Ae B AT U AR WEAA §gA o) el nRade e 5 9l

s

(ALSI2 R t_s|+§| . Bt ot M B}
Xl
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, ol Aol sht WEZHA AGEvd, 2F doloheEs Adcte T4t F3kE f
Aol Aol tigt s AU das WE Rl Exel #d dME AT
1oz welth w3 el o3 WBrF Tkt 21E B, vhavt A4 Holvt oAy
, PEawk el EAleE B4 6VB o] A Zlojth o]lF I EF tholotE

A

=

o o

H:l

A5 e B 3 o e §UB ge Ad Boz od

B oAJoae ol Ao 53 B, #Na, Al NMR 23%= Edg, 6 4
9GPa 8 atellA A E BAE T4 FAE 849 VEYD 9AE U FAANEE
O NMR % 24 &S S gatoinh old AFtelA ¢helo] Frghel] wheh arw
g4 W @ BOAje] FrlekE Aol #EFS AL, Nark AlRth B 2H2 ¢l AU w7} &
= AL E3 Na—0-Si 7#Has WBE A3 Z Ao Nax B F9 oA charge
balancing cation® @1&-g & FHolgty AEX Yt} Si—0-P0A1e] Hgo] o
S7teke A e #EE
o] HAE F7tel 9 2] I
371 AsiAE et WE dlelA FAhl Awel digh AR e deshe, uepa of
24GPacl sldste gEolA e T4 THE AR viarbe S wle] $FE xFE
AR F2 gtgo] F s

X

2
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o
N
o
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Leeman, W. and Sisson, V. (1996) Geochemistry of boron and its implications for

crustal and mantle processes. Rev. Mineral. Geochem. 33, 645—707

Smith, E. M., Shirey, S. B., Richardson, S. H., Nestola, F., Bullock, E. S., Wang, J.,
and Wang, W. (2018) Blue boron—bearing diamonds from Earth’ s lower
mantle. Nature 560, 84—87

Bista, S., Stebbins, J.F., Wu, J. and Gross, T.M. (2017) Structural changes in
calcium aluminoborosilicate glasses recovered from pressures of 1.5 to 3GPa:

Interactions of two network species with coordination number increases. J.

Non—Cryst. Solids 478, 50—57
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Srhdletol E9 @At E F3F el BE BAFAG UM AT

Interlayer structures of takanelite and rancieite: a molecular dynamics simulation study

3 (Suyeon Han) - A719 (Kideok D. Kwon)

ZFATNeha Azl s A 45t

T ShuEA, AfAY gAE AEE7] o EHA S 7HA 3 gehA wkg e wEsh
Fr SAE ASEEES S 4o Wl & BAe @ ks ol g A% &
gol ¢35k Holr, MnOs ZHA 2 Ao w WA= A2k wiAg] (vacancy) & st &
AR 3 w2 FAYS futh o2 odw FHAAMY THEE, WA AF S ot
& ed=4Y Ase sk d ot FEolER oo did A AR A g
o]Fo) A3 itk Yy TG ARG ES AA delA v 7] 9 uE AAER
AEHE 54 dlEel g FE g xef SXF dol2g wig 93, & dF v5 Ade
2 gske g Aol gtk oW Aol Mn*'—, Ca®"— @ (end member) oAb Il

£A4 #A FEQ takanelite®} rancieite [Mel (MniT,00,)0ynH,01° thall & Hako]
- Az, S B o, 4 ol Aes eyl Sl EAbEels AladolA
(molecular dynamics simulations; MD) A F3stH T MD= &4 37 7oA
o9~ S AZF Seuit wiglele AlAE O BE 9
Tz AIZE FF AR AAIYR WstshE m A4 AE
AFE AlEdeld Wiolth dxE e s

A e kst 58k 3 A (force field) & ARSIt WA S48 Agd3E
ol (Zn) o] w9l chalcophanite® B AdS Aoz Adsr] 98] & = 7
of w2 7= Wk gl 3t Zn? T8 =

ggol e AAd et d-spacing®] W3 A B Fol =29 wie
2 HEE F A0 18A FE Edelds S Yol & wide #AE st

=

.o debt BAw 44 WA

—

e gelth. o] MD AEelol e ARHO
a2 el7] golah AR BRI o

Fosta, 9o U8 Bd A E A8 5 k.

(AR L2 - SHR2QAAM BHY)|
X

i B |
-9 - 20199 SSYESYHD =28



o] A A (Gilljae Lee)

o] H 3l (Bum—Han Lee)
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Syl AT AL BEE

Evolution processes of igneous rocks and isotope fractionation

o] %7 (Seung—Gu Lee)
S A AR LAT S FEALAFES

° S
ASALE olslehid] B TS Folgth WA FAAE ATHLES ATFE EFE W
= H Z

o =4
WA FAE Wt ol el ATE THLL Qb WEN A7) GYAE AFHOE o

(e} L
AakA #F itk (Banner, 2004). o}&el wFAs A 7ashe sdte]l FAvg Ul
=72 83 FF AFE A5 A2 FgHoA T vk 53] 2719A A
o FFg 7)Foz nwd AT FEM HEFAL2S BEL (Masuda, 1957) % A

oA Aatetd AN e {FE&EE HoE Asietd AN i

2
o

E3] 1990dd]  Zwhe] Ji¥t®El MC—-ICP—MS(Multi—collector Inductively
Coupled Plasma Mass Spectrometer) = WA =994 ®uk ofyz) A= dhofA
A Y = S gAaTEe] EEAES Fold = QA 3o EA A FA AR oA WA E =

o3 7] A AsHH /x| Geter s SFAAs S FAS F e ATE s T 9l
t} (Teng et al., 2017). &yl FHZ o] MC-ICP-MS7} ojg] dAF-7| el Wo] X
TEHA Y FALEE o] &3 FAAdA AT S A A FEEE Foprp wdd ¢
A= AZI7F otk 2ok o] et dyste] E Wyl sl HTo| IJEFIL T o
el Eull A= dA BAHS sdste]l Budk vl It (Lee and Tanaka, 2019). 2

59 MEIME Bust 2 FAE 929 FPEAALT ATA2B sk
MAES A0 5 Arke b5 vde) AT AR ATFARMY JEFA
A72 st @tk o Fopel el Az 2000{Y) Fub

Br Mo

o,
|

)
=

(Moynier et al., 2006)% 8 AZHAAR, v, F3, duAA 23 AQP3 olef we
A4o] ob AR ke wA Rk @ 4 k.

Banner, J.L (2004) Earth—Science Reviews, 65, 141—194.

Lee, S—G@G., Tanaka, T. (2019) Spectrochimica Acta Part B, 156, 42—50.

Masuda, A. (1957) Journal of Earth Science of Nagoya University, 5, 125—134.

Moynier, F., Bouvier, A., Blichert—Toft, J., Telouk, P., Gasperini, D., Albarede, F.
(2006) Geochimica Cosmochimica Acta, 70, 4287—4294.

Teng, F—Z., Watkins, J.M., Dauphas, N. (2017) Reviews in Mineralogy &
Geochemistry, 82, 885p.
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Reviews in Microbially—induced Smectite—to—illite Reaction

A2 (Jin—wook Kim)

AATNet i A Al A g e} A7 Tl Al

The smectite—to—illite reaction 1is observed frequently in many
argillaceous rocks in nature. Since the first report of biogenic illite formation in
the laboratory conditions, tremendous efforts have been made to find this reaction
in the natural settings. In 2016, young mudstones were recovered from Nankai
Trough by IODP expedition 370 in order to examine the role of microbes in the
mineral diagenesis, closely linked to the limit of biosphere. The occurrence of
microbially—catalyzed smectite—to—illite (S—I) reaction has challenged both the
notions of solely chemical control for this reaction and the conventional concept of
a semi—quantitative illite geothermometer for the reconstruction of the thermal
and tectonic histories of sedimentary basins. This transition is accomplished via a
significant bioreduction of structural Fe(III) in the precursor smectite and
formation of illite. This paper presents a previously unidentified microbial
mechanism for the biotic formation of illite seen in natural mudrocks with
important implications for petroleum production, fault behavior, and evolution of

microbial community in the deep biosphere.

(AR B B - BN

2 =
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AZ 2 ARAZ/F WA o] Golatsierr o n|H|

rlr

K

o

Effect of particle size and crystallinity on decarbonation of dolomite

72914 (Min Sik Kim)!, 3714 (Kee Sung Han)?, ©]¥ 3 (Bum Han Lee)?,

A4 (Jin Cheol Kim)*, A& (Hyun Na Kim) "
'FFEg e n A A3 #3383, 2Materials Science Group, Pacific Northwest National Laboratory,

USA, "7 A4 79 FEAA/EATH, HFAA4AATA AADBZARATAE

-4 (Dolomite, CaMg(CO3)2)2 EZAQl Bk FE2 A, o5 vpEde] st
ol kst A gL GF Y] G4 E AstE 7HAE ¢ olo] WA Aol g @
2 A7 o] Fo] A gtth(Han et al., 2011; Viti, 2011). o]2]3t 2o]it3lets HH-$
3 ST ASEde o)Feo Hu & R ARE i
2010). 53], vhEde] o3t dwse Az Zolrtsteka ®igol
ow o wWE AR AHEA WA (Calcite, CaCOsz), I ZFd o]~ (Periclase,
MgO), &4 (Brucite, Mg(OH)») % < 550 T o] 28742 AAAZR ALE-H o]

3

SvH(De Paola et al, 2011). 3% ©5wel 7142 vhae] o8] APEst sa, x4
Qo] WMol FYW F 9lof ook 2 Y% W AL Wt Golsps W )
AUZel MAE G s AADCE ATHAN} Gk web B APl U
A gel B AL o]g% /AN HAE Fto] 93U IYL AL, A% ¥
24w Wl MeA o] GolAses we] nAL JFE FolunA aolvh

B oaTolAE AUE0R oS5t FUUL 10 me WeH FRE AL
2 Y (Retsch - Emax)2 ©|£€3}9] 1500 rpm] 3| A& E o

A 480%7HA HAAIZEE S7RAZIEA st 4 Aol WE ol g AR
o] &7} 90 T olstz FAHIIY. = 2 AL Wyl golatsieba whg-of w|X|
T 9EFE dotr7] fste], wAlE dF AEE Ny 7FAE 5 m/min®E ZHFE 874 5
o] 300~900 TelA 7z}z} 2A1ZF F<t A 3}°ﬂﬁ}.iﬂolﬂﬂ§ =42 Malvern,
Mastersizer 30002 o]€3t o™, ¥4 A 1087 2S4S AYsoct X—4 34

24 (X—ray Diffraction analysis, XRD)< Rigaku, Smartlab 7]7]& o] &3}, CuKe,
40 kV, 30 mA, 3~90°(20)F7rol A A3k4 0.02°(260), 2A&E% 5°/min 2l A
B Qeh. Mg AR FE EFEALES A2l 600 MHz(14.1 T)9 Agilent 114
NMR % 4 mm HFXY MAS ~ZH (probe) & °o]&3to] Fa¥ 3t 30.738 MHz9] 2=
o] (Larmor) AFFolA 6 puss (905 HA)E o] &t or, HARME 7|AHE secs

CULEEELT- R ERT
- 14 - 20194 BESASUEY &=
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AbgEtitE A B 3d £5E 13 kHzE 24skglth 848tA ahd 9] 7
fdol Mg 9A374S 0 ppmO 2 3t AFFEA(TGA) H AL
Instruments, SDT Q600< ©]-&3to] Ny 7kA 7oA 10 C/min® &=3F3th.

A
i
i)
flo
=
0Q

a
_‘

3. 2% 4 B9

dolAsd A=A A, w4 A WA T == oF 10 mol™, 4 120

T F oF 0.44m 7HA] YE7F AEHHOR A4 @Y JEFEES HATh 240% o4

B Al FYREE 0.66 m A SRR oW olF YRR EIF BRET] AZEAaL,

A 480 F FAUEE 0.78 m=E SHHAG. olF Y] F3F A= A7 oF 0.6

m, ¢ 3 mz FEH ol o]F QJEEII BEEE olf= B 1208 oA
]

X-=A 3|diA Az, W] Fo 3]dua9l (104) =7 30.9° (26) A
HRE I, ATl FIRghel| whet 1 wolvh Fradtal Fol TSIt shAIRE, 4
120 o9 AlselAs 9139 Fo] 9 Fo] wWsgrh o] o] WAk gkttt (104)
¥] =19 WX % (Full Width at Half Maximum, FWHM) & #2] A 0.078° oA £ 60+
0.324° 2 AHHo7 Frlstd o, B3 1208l 480% 7M#:= oF 0.38° & ¢ oA
S7bekA @kar, M A9 ol AFHOoR Zadth H 12084 ¢ o fadA
okt olefgt A= o] WA AYE A 4 v AASE SAAIY,
120 o] %= v Asrt sl R2 35S o nlsith
PMg g7y BEEA Ay, MeMa) HeFoel A Mg 9 7o)
Zkzb 25 ppm¥ —8 ppmellA FEste] I EQATE TS oF 10 ppmelA] 842 Ia
AAl ZA #EEQJT FAAE 12087HA SUEel w WAl g3 A7)7F ZRAska,
gZdlolx FAr7t AW Frleksinh ol WA R HAA F el vt A
Aok 2 A, 719S shA ot Z1AIF wpe & dolatslwra whg-o] e}
g & dss AAET Mg MAS NMR AHEHA #ass dedyolAd das
XRD sj&loflA] #HE A okghi=v], ol dEFdo|Avt nAAYo R EAEY] witolgt
A7tE . XRDSF NMR 24 A3 5%, 120+ o &2 A
ZE A e, ol WA ] ngAstel dolaksieka Hh-go
TG 9 DTA &4 Ay, 47 1age] met By 44
gk B A A29 A$, 650~800 T T-itellA =olibsteks W

7z of &3t FF
a9 FANkgo] #FEUTE RbE 2 & AR A9, 650~800 TE] golibsirba
HEg-ofl kA, oF 400~680 CollA F7FAQ F&ta 2 Fdw-go] #Erh. Ex—situ

N
(¢

3T [} = =

bl ARl XRD 24 A3, 400 TN #eAle] dRa) wg
o 3z7} vheh] AldE, o)k s)Eel dell MeAe drd o
oF 250 T W& 2ol GRae] % Dolustui W] Aojd
o

Asb Bajel wE Wede nPWE} ol sheis WS ARe

9l ¢k 650 CTHT}
S oulstt}, o]t
9 wAYEFS] W3}
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De Paola, N., Chiodini, G., Hirose, T., Cardellini, C., Caliro, S. and Shimamoto, T.
(2011) The geochemical signature caused by earthquake propagation in
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Han, R., Hirose, T. and Shimamoto, T. (2010) Strong velocity weakening and
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2§ Sk wE B dFretag s dATEe FAARY Wk

Horupeol 2 taF 14 B4/ FY RFRAL o §F AT

Effect of iron content on the structure and disorder in iron—bearing sodium and
calcium aluminosilicate glasses: Insights from M0Ossbauer and multi—nuclear (*°Si,

2TAL, and '"0) solid—state NMR study

A8 Y (Hyo—Im Kim), ©]4+(Sung Keun Lee)

Agolsha A8 7o

1o AT 9 ATY AN AYHE AR vpavkel Ame] ngA S A
Wo9E g FRE HoldamA, A $F W e AxTE W FANEY WsE

S RS MAAT S8A0 BAY WE, Yot dekd AAstA L olsahe

‘SH = =
F4=Aolt}, o] ¥ Aup9-o] (MOssbauer) #3E4 Fo AFA/0]E24 WHES F519
thekst x40l vl gA u Ao Akst Ae (Fe'/SFe) @ Ao wj94E Hdtels 9o
olojx gttt 2y, wAFAY LA EAAS AAste UEYA AZF S (degree of

polymerization) &+ i}i‘*’ﬁ./ﬂ’b}@@ A X% (chemical and topological disorder) 2] H &
H

5 g5st=d 7H aaEdd A8 v e 1 fAeE 238 NMR) & 58 ¢

=1 1
A BAY T ATE AAYL Ropiu ohel A4ASS el WA F2F HFE ol
otk A2 FAE NMR Aolds do] nad a4 g@ow 2ot A5 24
3 ReEe Ak T AP WA IR A 229 wie Aol Tgd

Na;O—Fes03—Si0; @ MgO-FeO—-SiO, H|AAA L] AbA W {4 FHE X5 945
H(Kim et al.,, 2016; Kim and Lee, 2019). ©] 4 Ax4E5L2 34 n|Add FAarde H
A2 Ao NMR A3 W Ee] axr o=z AgHo Fxo T35, FAAME 49 Ho

4 gg
urk AR olaety] fskol Mkl BYRAL Ba 74 wPA A E
st :
MRS TS TFaY BFVEC] BF AFH ol
A7) tyow Ausgih Ed, A4 muHA S G wgAe] HTe)E
AL BAS ANE ANGORA, B’ Aol BE AP EADY WH FPE w2

(AR Z B - BRANY
- 17 - 20198 ZESHSLEY =27
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F9I 0T Fal Felto FxA 4T W g g BAS ASag Pl T
b e A A FF Tkl mE BeE 9 gsty FANEY W e B
99 AF] o@ nrt

@ 2 A Fao] WA B2 AdA TG F5A L Wz
—3—

2 AT = &EAFE (NaxCOs, CaCOz) 7 AFstE (AloOs, Fey05, Si02) & &3tsh
o] &Fujg Hol AgE Felel FH Na-dFv|=tited [Na(Ali-«Feo SisOs with
x=0, 0.1, 0.3, 0.517 Uu}o]E (NaAlSiz0g) U o} Aol E (CaAlySin0g) FAl zHzt
5, 10 wt%<] Atstdo] H7bd Jeje] ngd AR ek o] wl, $FEE o=
2 7IAZ AYgFoen s 8§ 34 Aar B loglyS oF -2.15 £ 0.042 F4H
Ak, FAv9o] AL Regional Centre of Advanced Technologies and
Materials (the Czech Republic) 2] MS—96 #3712 Faq = om, ok 30 mCi *"Co WA}
Fgo] AFEH T gE59 AHEHS BAGe 7+ A7 Fe'/IFe #H¥ ZwA+%
(hyperfine parameters)=S #2138ttt 714 NMR 2488 Aetdty AFEA st 74
9] Varian 400 MHz (9.4 T) % Bruker 600 MHz (14.1 T) £37]& o]&3lo] 1y
Atk 2°Sigt "0 NMR A&2 400 MHz NMR¥ 4 mm Doty T2HE F3¥glon, 7z}
ZF 0.67 ps9F 0.2 s @ FAz MAS AHAEHS FEa9rh 0 3QMAS AL
4.5 pus—delay—1.1 ps—echo delay—19.5 ps AAAAAE AFL3GT. A|59 3)d &S5
= #Si9} YO NMR Aol 14 kHz, Al NMR A&elA 17 kHzZ 2tk “7Al
NMR 43> 400 MHz¥% 600 MHz #37] EFolA F3=3om, 600 MHz #37] 4
Ao A9 1.9 mm L2HE ALY 35 kHzo %1% 3|1 HSRoA AHEHS
stk Al MAS A3 A9 300 HFAE ARSI, 3QMAS NMR A3 49 7t
3 wus—delay—0.3 ps—echo delay—15 us (9.4 T)¢ 4.6 ps—delay—1.0 ps—echo
delay—15 ps(14.1 T) HAAAAE AFgEh AANE 7| A7 Al gel wpel 0.25
~ 10z°H, 3&td Aol 7|F& 28] flskel TMS(*'Si NMR), H,O0 ('O NMR)
1 M2 AICI3(*’Al NMR) 7} AFg-5 %t}

3]
<l

oy

L

3. 2% & u&

wjanke-o] A3 A, A dFulge] AghE FEe] vg A Na—LF v fided
li.e., Na(Al-xFex)Sis0s, X=Fe/(Fe+AD]2 7% Fe’/IFeo]l °F 0.8, NaAlSisOs +
Fe;03 8142 24 Fe’*/IFex 9F 0.5, CaAl:Si:Os + Fey03 1AL oF 0.39] Fe*/
SFed #& e Fo] FAHA o] Na(Al-xFex) SisOs B8 Aol Fe' 7t A4 2
Z $ASHIL, NaAlSizOg + Fe03 Wl Aols nld vl& o] Fe? gl Fe’7b $&3aL 3l
om, CaAlSixOs + FexOs I AelE Fe?'7h $A% 349 At WA, Fe’ 7}
Mg Na(Ali-xFex)SisOg ¥ 2 2] NMR Z#E A5 ud, *Si NMR 23S &3 ol

(AR Z B - BRANY
X

i B |
- 18 - 20191 SSSSHHEY =28
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dFulES A EFel web dFvlme]l AyHAU AT FIkE UEYJAS A
Q'si(mAD (F 4 AbAA el ThE 4—ml 9] TFa AbEAISE mAe] SFulE AFEA7E AA T
of Y T AETF AEHoR oA AL FASE ol Fe’'7b Si-rich
framework®} F7+A R TSI dHS AAST T Al NMR A8 A, AlY g
Zol Zasta Fe'™7h Z7kgel wet &3e PAle]l #4% $TAE FAsivh ho
PlAle g oz o] Aol e WAL (~0.39 A7k MFe’ (~0.49 A)7h &gl
upe} of7] == J A 43l (steric hindrance) 258 7]Q1gt Ao F ¥},

Fe?* gl Fe’™7} frAlst nl& 2 EA3HE NaAlSi;Os + Fes03 v A 739, S
NMR /\.ﬂleaoﬂ;q‘— e e o A s I = Exﬂ Al 5 uko] ;z].tﬂ;ﬂo] Hﬂ@r‘:‘ Holx] ok=t},
*TAl NMR ~FE#o| A= NaAlSizOs Bl Aol Fe,057F 10 wt% 7 S7F &l =
star, & Ao Fe''7b FEASAE PALY EAo] #aEA okokdh whd, O
NMR Aol d g Trbe] W Abx @49 syl #2 =gy do) Ly
o NaAlSizOg HIgAe A9 wAAMLA Na-0-Si7k B2 ¢n AAL
Si—0-Si9} Si—O—Alvte] veph=d], ol= EE HEY AL Ad=] ¢la, Na'+s Hds}
wq olglwAY Qs FHst UFS Tedrk ey 3E AR AY A
Fe 039 F7bell wel Na—-0-Si7h &4 go] EJAHA ol TFE7F 2 vdde] &
o] & A717} =& Fe*'7b Aol what FAME7E Frbete], w9l ES A FAge]
o] gkEoA AL ole] wet HlAANATE FAES HolFEh o] wf, Na—0-Si¢ A7}
golgol s Batal P7Al NMR datolA BIAL A7 vepdx) gk, o] Ale] opd
Fe 7} a9l EA8a &S Atk o] Adki= Fe’'7h Alel nlste] awjgl4=
At = Aol etk Ae AlAg

Fe? 7} $A  CaAlSix0s +  Fen03 WA A%, Fe’7b A%
Na(Al;xFey) Siz0s Bl A #°Si NMR Aol w2 &7 vjFo] F3hd Q'si(mAl) Al
3o AeAd WolAde Bom, Fe* ol ¢ Al-rich framework® 7Aoo g 2338k

S-S AATTE o= 2TAl NMR Aol o2& 249 Az vs] A &k Z7)o] what
Al

tlo

@43 Axe) Uul Fohske AgoRRE, 44y Dntel] dstel dRvE B4 93
sha RAAESL SAhslTE AP ddEt £E, Fe'7h 198 mhet Palg)
o] okzt F7bel

AL #FQPEH, ol Ca?'rt dEow EAstE A vk
ol AZI7F Al sobA wFHY ety FAMEE F7HAZI

¥ NMR 7 ¥ Hi 135 wtne] AtshdS xghst g-d 4Fv eqfaked vl
AL A, Ath, 283 FuEY PR YW FEAREE HEE AN P4 A 4
stoltt, 53], Fe’' 2} AP'IRe] w9l H4 A Q a1
= Fe’'7F AlPYel nlate] w2 A5}
Fole A7 A Fe?' o] F7h7F &Ru|eatAl

k ol
[¢] =]
& AR o] FaAl = wAAN St Aol o o] Frbstel wek 854

(AR Z B - BRANY
- 19 - 20198 ZESHSLEY =27
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A d Sr3EY] BA3EE WHol|A g

Microbial alteration of Fe—bearing minerals in freezing condition

A A9 Jaewoo Jung)! - Z71H (Kitae Kim)? - ¥+ (Young Kyu Park)!
ol A (Jaeil Lee)? - H7+4 (Kyu—Cheul Yoo)? - %< (Jinwook Kim)"
fAX B A A 2Kl 8} )
PIAAT 4 A7) FASAT

T AGellA el {714/5 714 Abskekd whgol o AstE Y HEZFES] H &
E WSS AEFHoR o]grhsd H AAv E F dAw, WE NP9 w2 2%
4 oA olgd W Ad vk gtk "ol FEEd H s mAdEd]
Shewanella vesiculosaZ thekst 2% F7A (15 ColA —10 C, pH 7)olA v E—F
= 98 Adste] A Exshs AEFE (FEERUCIE) I Abstd  (wpaEviol E) &
AstetA g W& olsistaat sklvt. 2¥e] FA-g3 F7] APl 2=7F HAAb
AstHA FAE7] AA7AE v Ee e 7717 A g9 wkgol $ASA dEr
W oM = 714 HEd vkgo] AujA o vyttt v Eel &gk dehd vk
= A5 AW A 714 A gk mkgol o Frhkst Ador AFEnh e XA 3

rﬂ

=

LV O (R Nt
M e

(X—=ray diffraction, XRD), FA} A} &#wu|Xd (Scanning Electron Microscopy,
SEM), &3 #AF #Av]7 (Transmission Electron Microscopy, TEM) ¥ Z =} oyx] £
Al B39 (Electron Energy Loss Spectroscopy, EELS)S o] &35l HeG FE9 W
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Hydrogenated TissZr27Nisg quasicrystals probed by high—resolution 'H MAS NMR
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kA AxEZAAA dAHE S A CaAlSi»Og(dmisteinbergite) &
719 AT

The origins of hexagonal CaAl,Si»Og (dmisteinbergite) in the first solids of our Solar

System
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[ The Paleoproterozoic igneous and metamorphic

activities in the Ji'an Group within the Jiao-Liao-Ji Belt,
North China Craton and its tectonic meaning
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Lol HPY FAWAY AP} HYhlH Y AR} A BH AT
Deformation of Epidote Blueschist at High Pressure and Implications for Seismic

Properties in Subduction Zone

vl8 (Yong Park)-d 3™ (Haemyeong Jung)”
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SN AAAEEGI fAR AREH, Mol 2 AT Hss W A

ST BAT WE Sse] WY PP 71T & Ak FAN AAHERF] ©E A

A5k AEWAL, type-1 AAHERTS /AL AN A A9ug gol Fge
H

)
X
el PaE 15.2 %, Sy Hdf 8.1 %7HA ekl type—2 AR

FAaA L] A gA AR E gho] Srhstel wel Pk 131 %, S FHo 8.0 %7HA]
S7ketel Ao AN oA #5EE A vsiAdel I IFE & F Uss B
ofFh ey AN AxpAEgEke wE AT v HAE P F9 5.6 %, S
e A Ao 7.2 %E, FANRGE YA or A5 v5lgdo] &2 AdE HolF
Aot Eok HEE FANY mH14S Fo PYFER st FNAL] AX dy £
E Qo wEoA e R Ao Hxe vwstle W, Po S5 oF 7-9%, S¥ £&
v % 6-7T% FAde AoE AXEHSIA, ol WEE ATl AU &9 el
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Strain—induced lattice—preferred orientation of chlorite and

implications for seismic anisotropy

A5 4 (Dohyun Kim)-d 3™ (Haemyeong Jung)
Mgty AFAAG st XA FZ2E2 AT (Get0330@gmail.com)

Seismic anisotropy of S—wave (trench—parallel and trench—normal) has
been observed in the fore—arc and back—arc regions of subduction zones.
However, the mechanism causing this seismic anisotropy is still not well
understood. The lattice—preferred orientation (LPO) of olivine and of hydrous
minerals such as serpentine and chlorite has been suggested as one of the major
causes of trench—parallel seismic anisotropy. By conducting deformation
experiments of chlorite under high P—T conditions using the modified Griggs
apparatus at the Tectonophysics Laboratory in Seoul National University, we show
the development of two different LPOs of chlorite depending on the magnitude of
shear strain. The type—1 chlorite LPO, which is characterised by the [001] axes
aligned subnormal to the shear plane, developed under low shear strain (y <
3.1£0.3). In contrast, the type—2 chlorite LPO, which is characterised by a girdle
distribution of [001] axes subnormal to the shear direction, developed under high
shear strain (y = 5.0£1.5). The type—1 chlorite LPO produced very strong
trench—parallel S—wave seismic anisotropy (AVs = 49%), while the type—2
chlorite LPO produced strong trench—normal S—wave seismic anisotropy (AVs =
22%). Our results suggest that anomalous seismic anisotropy in a subducting slab
and in the lower part of the mantle wedge can be significantly influenced by the
LPO of chlorite.
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MYl B4 WY ARt AR P HSPY VAL 9T AT

A study on the deformation of talc schist and seismic anisotropy of P—wave in

subduction zones

o] 3 2 (Jungjin Lee) 3™ (Haemyeong Jung)*Reiner Klemd?®
gt TR AATEELTATA

2Geo—Center of Northern Bavaria, Friedrich—Alexander University of Erlangen—Nurnberg,

Erlangen, Germany.
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H S-S UEbdS BT (AVp = 69 %, AVs = 23 %). &4 2] P3t WAL vl 5
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Q)
Melt—rock reaction in gabbroic rocks from the Central Indian Ridge and the
influence on MORB

H A} (Sarang Choi) M8H8 9 (Jung—Woo Park) '71&2 (Jonguk Kim)?
2 A8 (Jihye Oh)Z¥t3+(Changkun Park)?®
et A7 AL
P@Ta e f e AR A AT
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o A& A FE Yol wEd 322 tRE crystal mush® FAES] Qi)
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%
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o o
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gabbro), At3}FE whe ok-v}o] E (oxide—gabbronorite), AF3SE 2|
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&2 vante A3k =5 HYELotIE Fgolotd s At HRA
A7) 2w 9 E8w vhavk £33 Ad

Evolution of a}kalic magma systems: insight from coeval evolution of
sodic and potassic fractionation lineages at The Pleiades volcanic complex,
Antarctica

72148 (Jihyuk Kim) "84 (Jung—Woo Park)'o]m & (Mi Jung Lee)?
0]%] (Jong Ik Lee)*Philip R. Kyle®
"N gueta A3k wet
A QA A A AR

'New Mexico Institute of Mining and Technology

Zdojotul A sk Al o] sk Fea, vIREA 9 Sr, Nd, Pb 994
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Interpretation on Changes in Eruptive Styles from Vesicularity and
Textural Analyses of Pumice Clasts in the Maljandeung Tuff, Ulleung
Island, Korea

Sang Koo Hwang'?So Jin Lee®Kyung Sik Oh®

"Department of Earth and Environmental Sciences, Andong National University

’Institute of Basic Science, Andong National University

*Division of New Material Engineering, Andong National University

In natural systems, pauses and/or abrupt shifts in eruptive intensity are a
fundamental yet little studied part of many large explosive eruptions. Transitions
in eruption type and intensity are complexly observed in volcanic systems, the
complexity highlights the need to investigate the behaviors controlling eruption
dynamics and processes, and catching on the interaction between processes.

Eruption dynamics are collectively influenced by processes occurring in (1) the
magma chamber, (2) the volcanic conduit, and (3) the vent. In the magma
chamber, compositional gradients or the introduction of fresh pulses of new
magma may affect the overpressure which drives the eruption (Eichelberger and
Izbekov, 2000). In the vent or shallow conduit, environmental factors external to
the magma influence eruption conditions, e.g., widening of the conduit, migration of
the vent (Carey and Sigurdsson, 1989; Suzuk—Kamata et al., 1993; Wilson and
Hildreth, 1997). Conduit and vent conditions also have seriously influenced on
eruption dynamics, particularly on ascent velocity and eruption regime (Bursik and
Wood, 1991; Jaupart and Allegre, 1991; Woods and Bower, 1995).

In the Maljandeung Tuff, Ulleung Island, eruption styles and such shifts in
eruption regime can be heralded by differences in granularities, and changes in
the vesicularities and microtextures. Volcanisms of members U-3 (8.4 ka B.P)
and U-2 (5.6 ka B.P.) in Maljandeung first began with phreatomagmatic activities,
shifted to magmatic activities in the eruptive style and were dormant for long
time, We focus here on the processes leading to the start, shift and termination of
these two volcanisms. Pumices from both volcanisms show a lower and similar
range 71.8~81.5% in mean vesicularity. In practice, although early erupted
pumices of phreatoplinian lapillistones (Episode II) from first volcanism (Member
U—-3) show a lower similar range 73.7~73.9% in vesicularity, but the values
markedly increase into 81.5% toward the top of later plinian pumice deposits
(Episode III). In contrast, though early erupted pumices of phreatoplinian
lapillistones (Episode IV) from second volcanism (Member U—2) show a higher
range 76.7—=79.1% in vesicularity, but the values decrease into 71.8% toward the
top of later plinian pumice deposits (Episode V). Pumice clasts erupted at the end
of each episode represent textural extremes. At the end of Episode III, clasts

have very thin bubble walls and a predominance of large bubbles, whereas at the
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end of Episode III, clasts have thick bubble walls and more small bubbles.
Eruption styles and regimes in 8.4 and 5.6 ka B.P. at Maljandeung appear to have
slightly different causes and differences. In 8.4 ka B.P., the phreatoplinian
eruptions were more dominantly occurred by the pressurized gases derived from
heating ground water than by the exsolved magmatic volatiles. At that time, the
magmatic volatiles might still lead to fragmentation of the melt at the level of
ground water aquifer. This shift to plinian eruptions is marked by the appearance
of progressive increase in vesicularity reflecting the rapidly rising of magma in
the conduit. In contrast, at the moment when plinian activities were driven by
exsolving magmatic volatiles in the conduit in 5.6 ka B.P, the phreatoplinian
activities were perhaps caused by highly pressurized gases derived from the
magmatic and phreatomagmatic interactions. At that time, the location of the
fragmentation surface by the magmatic volatiles might be almost equal to the level
of ground water aquifer. This shift to plinian eruptions is marked by the
appearance of bubble collapse reflecting the progressive development of

permeability in the melt and the onset of partial degassing.
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249 (Ji—In Kim)' - 343 (Sung Hi Choi)'?" - ¢]7]2 (Keewook Yi)®
o] Al °H (Shinae Lee)4

=) A 9 A e e ARl ATt A FEE v gloh & AgelAM =
715 A ZtEERE A fX|eke AEs EAEASR 7 O ARAA e
Aojel  digte] SHRIMP U-Pb ddl 45 FIdsh XA Ol
Tera—Wasserburg ZollA dA34-& Hoju ZAIHET o] A5l FHEAJA 4%

(3 9 WAEE) 9 s ol Pb &4 T AHIS

= Aol UF % 9 Th/U HlE 7|5l 2 #4X5S vl /M9 13 (Group) &2
A3l Z] 243 =4 %U}%L«l A& AT Group 13 2% Ful4-x27F & wdst
Aol &5 stk # 2 3p71YS AAEkE =2 Th/U ¥](0.11-1.62)F 712
t}. Tera—Wasserburg A Group 19 AFwabd dAdis 2502 £ 92 Ma%l 2528

[l

l‘Ulﬂ

[}

m J?L

+ 100 Ma, Group 29 AH-uwzbd Adl= 2051 £ 25 Maolt}. o5 5% 34 E%
A=z AT} Group 3= Ful7FE7F SIAY W 3we AoEEel tigh 2AAE A
Aoz & Th/U H](0.01-0.16) 5 HQIth Group 39 EAHE WHAZ|IY A o] A
53] ety 202, Group 3°14 9& 1833 + 10 Ma® AFuwad Ad= HAA
£ AAsheE Ao= ATt vpA O Z Group 4+ ©HE IFEC vlate] Ao w =
2 Th/U B](0.44-1.43)% 7= A& Koy, 16955 * 5.4 Ma AFwad oo
= 7Rt} Group 49 ¥ Th/U Bl 12WHAZgof Fukyl Ruxlo]EQ] Fyjo] o3k
AOZ FFHY, webA Group 49 AdlE EAAMLAL Z2UA AL AdE YER =
Aow et Axels AV Group 13 39 A& htEolA FH 3
4 9 wAgdEso] A" AI7I(SF 2.5 Gast oF 2.0-1.8 Ga)oll allgstH, stute A7kH g
o}7] AlelM &3] HiEE Adjolth. 53] Group 19 A AFH e AR F7S
I A gojR e Edepo]lER £ A Hauw Wt Hir] A7AWE Adi(eF 2.5
Ga) & expH oA dXx3th, 28y Group 29F 42 ¢F 2.1 Ga % 1.7 Ga A= A3y
ATeA ALl Baug vk glrh olyd AAZFE e A7ISH A AeA ok
2.5 Gas}t 2.0-1.8 Ga 1719 FZQl 34 W WA EFo] S ErE o}, oF 2.1
Ga$t 1.7 Ga Al7]l% =r4&ZF 34 W WS Fo] 2SS 7tedS 75T & Y

T F7HA QA

A7) 9 Aguelelr] A0S W Z2aA olala] 9 alA
_'?_

W AAANSY B FHA A



Proceedings of the Annual Joint Conference,
the Mineralogical Society of Korea and the Petrological Society of Korea,
May 30-31, 2019, Chuncheon, Korea

AEx Fol AN FEAGTA=AFENI|E o] §3 Aol vFdx
24
Trace element analysis of zircon using femtosecond laser ablation ICP—MS
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Evolution processes of igneous rocks and isotope fractionation
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Syenite from Ulleung Island: As a Window for Pre—eruptive Shallow

Alkaline Magma Dynamics

A&E (Yun Deuk Jang)
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= 71

1. Introduction

The diversity of alkaline magma manifests through the fractional
crystallization of a series of minerals such as clinopyroxene, amphibole and
alkali—feldspar, associated crustal or sea—water contamination, and magma
mixing. Alkaline volcanism spurts various products that have crystallized in the
magma chamber and transports underground samples from inaccessible places
to the surface. These entrained lithic fragments, which range from subsurface
hypabyssal-plutonic to mantle samples, allow us to understand the geological
processes at work. In particular, holocrystalline fragments can reflect
pre—eruptive magma dynamics as a plutonic equivalent of the volcanic stage,
including the above processes, thus act as a window alluding to an insight for
magma evolution of a volcano.

Although no syenitic body i1s exposed on the surface of this island,
syenite fragments are observed in the Ulleung volcanic sequence, suggesting
that the syenitic ejecta preserved the counter—part characteristics of the
associated erupted lavas. Information regarding the magma dynamics can be
deduced through careful interpretation of the mineral chemistry and textural
constraints of the syenite fragments. In particular, various predicting models
that are based on the mineral chemistry, such as clinopyroxene, amphibole,
biotite, and alkali—feldspar, can be applied for this purpose.

Magma mixing underneath Ulleung Island was discovered in this study.
Therefore, this study (1) reports textural evidence related to magma mixing
processes In syenitic magma via detailed illustration of the petrographic
characteristics, (2) tracks the magma mixing conditions through the predicting
models mentioned above, (3) suggests a modified model for the plumbing
system of the Ulleung Island, and (4) considers the effect of magma mixing
on effusive versus explosive eruption styles through pre—eruptive shallow

alkaline magma dynamics by comparison with several well—studied volcanoes.

2. Methods
In—depth field work was conducted to understand the comprehensive
distributions of the syenite fragments in the Ulleung volcanic sequence. In

total, 32 syenites were collected from the Stage III and Stage IV volcanics.
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The polished thin sections were analyzed by using a JEOL JXA—-8530F
electron microprobe (EMP) with wavelength—dispersive spectrometry (WDS)
to obtain quantitative compositional data at the Kyungpook National University
Scientific Instruments Center. The operating conditions were 15—kV
accelerating voltage, 20—nA beam current, 5—gm beam size, and 20-s
duration of the peak position. Alongside the data that were obtained during
this study, published whole—rock and mineral compositions were used for

further discussion.

3. Conclusions

The Quaternary alkaline magmatism of Ulleung Island consists of
basalts (Stage 1), effusive trachytes (Stage II-III), and explosive phonolite
(Stage 1V) (Figs. la and b). The syenite fragments preserve comprehensive
magma mixing features between Stage II and IV during the final shallow
emplacement of syenite (Fig. 1), acting as a window for pre—eruptive shallow
alkaline magmatism.

The aforementioned textural assemblage implies magmatic conditions
such as quenching of hotter magma, overgrowth of orthoclase—rich feldspar,
and disequilibrium of kaersutite (Fig. 1d). The temperature and pressure
ranges of the magma mixing in the syenites were constrained as ~690-740C
and 77-180 MPa from biotite geothermobarometric models (Fig. 1c) through
predominant Ti—substitution, although the thermobarometric conditions from
the Na-—clinopyroxene and kaersutite did not likely represent the primary
magmatic conditions because of their instability during mixing. Furthermore,
the syenites were subdivided into two distinctive groups in the Zr/Ce versus
Zr/Y plot (Figs. la and b): Group I represents fractionated felsic cumulates
from Stage IV and Group @I records the magma mixing. In particular, the
Group II syenites allude to the origin of the Stage III trachyte in Ulleung
Island.

Although the eruption style of a volcano can be affected by the
interactions between magma and external water such as groundwater, the
explosive eruption of Stage IV in Ulleung Island is induced by the
transportation and saturation of magmatic water during mixing (Figs. 1 and 2).
Furthermore, a comparison with other well—studied volcanoes suggests that an
explosive eruption through magma mixing requires at least two factors (Table
1): the transportation and saturation of volatile components and a short

stagnant period.
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Fig. 1. (a) Geochemical plots showing the transitional trend of Stage III between
the Stage [-II and Stage IV magmas based on data from Brenna et al. (2014),
Hwang et al. (2017), Kim et al. (2008), Kim et al. (1999), Kim and Fujimaki
(1987), and Song et al. (1999). (b) Two groups of syenites. (c) Schematic
illustration of the holistic plumbing system of Ulleung Island, modified from
Brenna et al. (2014). The imbricated area represents mafic cumulates from Stage
I, and the striped area indicates the stagnant depth of the Stage III magma from
Brenna et al. (2014). The gradational area shows the location in which magma
mixing occurred to create the Stage III. (d) Comprehensive evidence for magma

mixing discussed in this study.
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Fig. 2. (a) Diagram for alkali—feldspar—melt equilibria (Mollo et al., 2015). (b)

Estimated water contents by using data from Ulleung (Brenna et al., 2014) and
Oki—Dozen (Brenna et al., 2015) Islands.

Table 1. Comparison of Ulleung Island to other volcanoes.

Sites Ulleung® Furnas” Astroni® Oki-Dozen?
Magma mixing O O O O
Temperature (C) ~690-740 ~900 ~870 ~800
Pressure (MPa) 77-180 ~100 80 200
H>O content (wt%) 5.0-75 2.4-6.0 2.0-4.8 4.0-9.2
Volatile saturation O O O O
Lifespan (kys) ~16 5 04 ~1000
External water X X X X
Eruption style Explosive Explosive Explosive Effusive

aUlleung Island (South Korea): this study, Brenna et al. (2014), and Kim et al.
(2014); "Furnas volcano (Sao Miguel, Azores, Portugal): Jeffery et al. (2016);
“Astroni volcano (Campi Flegrei, Italy): Astbury et al. (2018) and Stock et al.
(2018); ‘Oki—Dozen Island (Japan): Brenna et al. (2015).
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Quaternary Faulting and Compressive Arc—shaped Lineaments Developed around

Yangsan Fault Zone on the Southern Boundary between Samnam—myeon and

Samdong—myeon, Ulju—gun, Ulsan, Korea
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Fig. 1. Compressive arc—shaped lineaments convex to the west with Quaternary
faults developed around Yangsan Fault Zone on the southern boundary between
Samnam—myeon and Samdong—myeon, Ulju—gun, Ulsan, Korea. 1=Yeonbongji
Fault (this study), 2=Gacheon 1 Fault (Lee et al., 1999; Chwae et al.,, 2000;
Ryoo et al., 2000, 2002), 3=Main gauge zone of the Yangsan Fault (Ryoo et al.,
2002), 4=Gacheon 2 Fault (Chwae et al., 2000), 5=Yeonbong Fault (Lee et al.,
1998; Chwae et al., 1998, 2000; Ryoo et al., 2000), 6=Joil Fault (Lee et al.,
1999; Chwae et al., 2000), 7=Gacheon 1 Fault—Trench 1 (Kyung et al., 1999,
2002), 8=Gacheon 1 Fault—Trench 2 (Kwon et al., 2019), 9=possible extension
of the Yeonbong Fault—Trench 1 (Choi, 2019, personal communication; Kang et
al.,, 2019).
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The Paleoproterozoic igneous and metamorphic activities in
the Ji' an Group within the Jiao—Liao—Ji Belt, North China

Craton and its tectonic meaning

Xiaohan Wang'“Chang—Whan Oh'Byung—Choon Lee?

"Department of Earth and Environmental Sciences and The Earth and Environmental

Science System Research Center, Chonbuk National University, Jeonju 54896, Republic of
Korea

*Korea Institute of Geoscience and Mineral Resources

1. Introduction

The North China Craton (NCC) formed by continental collision along the
three orogenic belts namely Jiao—Liao—Ji Belt (JLJB), Trans—North China Belt
and Khondalite Belt (Inner Mongolia suture zone) from east to west at around 1.9
Ga (Zhao et al.,, 2012; Zhao and Zhai, 2013). The JLJB is the Paleoprotozoic
collision belt between the Longgang Block in the northeast NCC and the Nangrim
Block in the Korean Peninsula. The belt mainly consists of meta—sedimentary and
meta—volcanic secessions with granitic and mafic intrusions (Liu et al., 2015a).
The sedimentary rocks of the JLJB can be divided into two parts; the sedimentary
rocks in northern part including the Fenzishan Group (Jiaobei area), North Liaohe
Group (Liaoning Province) and Laolin Group (Jilin Province) and those in the
southern part including Jingshan Group (Jiaobei area), South Liaohe Group
(Liaoning Province) and Ji' an Group (Jilin Province) (He and Ye, 1998; Liu et
al., 2015a; Zhao et al., 2012). Previous studies identified two different P—T paths
within JLJB; a clockwise P—T path in the northern part of JLJB and a
counterclockwise P—T path in the southern part (He and Ye, 1998; Li et al.,
2001);(Zou et al., 2018). However, recent studies also identified clockwise P—T
paths with granulite—facies metamorphism in the southern part of the JLJB (Cai et
al., 2017; Liu et al., 2017, Liu et al., 2013; Liu et al., 2015b; Tam et al., 2011;
Tam et al.,, 2012a; Tam et al., 2012b; Tam et al.,, 2012¢c). The Jilin area is one of
the areas which should be studied in more detail for the understanding on the
tectonic evolution of the JLJB because in the area P—T path and metamorphic age
are still uncertain and there were limited studies on the igneous rocks including
post collisional granitoids which will give important information on the tectonic
evolution. Therefore, we focus on Jilin area and collected two migmatitic gneisses,
one porphyroblastic granitoids, one granite and one metabasite samples to figure
out the metamorphic conditions and P—T path in the study area and try to

proposed a possible tectonic evolution.

2. Method
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In this study, we analyzed whole rock geochemistry (major element) and
mineral chemistry of migmatitic gneisses from Jilin area using XRF and EPMA to
determine the metamorphic P—T conditions of magmatic gneisses by applying the
analyzed data to conventional geothermobarometer and Perple_X program. The
whole rock geochemistries (major and trace elements) of metabasite, metagranite
and porphyroblastic granitoids were analyzed using ICP—MS to determine the
tectonic origin of the igneous rocks. The intrusion and metamorphic ages of
zircons were identified by wusing a sensitive—high—resolution ion microprobe
(SHRIMP) and the metamorphic ages of monazites were inverstigated by
LA-ICP—-MS. Finally, we interpreted the tectonic evolution of the study area and
JLJB including the direction of subduction by combining the results of above

works and those of previous studies in the study area.

3. Result and discussion

The migmatitic gneisses mainly contain garnet, biotite, sillimanite,
plagioclase, k—felspar, cordierite and quartz. Combining petrographic observation,
conventional geothermobarometer, and pseudosection analysis, a clockwise P—T
path with granulite facies metamorphism can be confirmed from the top layer of
South Liaohe and Ji’ an Groups. The peak metamorphic assemblage is to be
garnet + biotite + plagioclase + k—feldspar + sillimanite + quartz + ilmenite
formed at of ~7-8.5 kbar and 800-760° C. Then the migmatitic genesis
underwent retrograde metamorphism at ~5—3.5 kbar and 740-680° C with
forming cordierite and muscovite. The zircon SHRIMP age dating and monazite
LA-ICP—MS age dating represnet that porphyroblast granitoids and granite
intruded at 1.84 Ga and 2.13 Ga, respectively. The metabasite shows
metamorphosed age of 1.84 Ga but clear intrusion age. The monazite age dating
reveals that migmatitic gneisses rocks were metamorphosed at ~1.84 Ga.
According to above results and geochemistry data in this study and previous
papers, it can be concluded that, the JLJB experienced subduction before 2.15 Ga
and formed a continental arc and then followed by extension of back—arc area
with mafic rock intrusion and extrusion at 2.15—2.06 Ga. The continental collision
was occurring during 1.95—-1.90 Ga and followed by post—collision intrusion
related metamorphism at 1.86—1.84 Ga. Depend on all these features, we
proposed a tectonic model in which the Longgang Block subducted under Nangrim
Block during the collision along the JLJB.

Cai, J., Liu, F., Liu, P., Wang, F., Meng, E., Wang, W., Yang, H., Ji, L., and Liu, L.,
2017, Discovery of granulite—facies metamorphic rocks in the Ji’ an area,
northeastern Jiao-Liao-Ji Belt, North China Craton: Metamorphic P-T

evolution and geological implications: Precambrian Research, v. 303, p.
626—640.
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Han, Z., Liu, Y., Yang, Z., and Ma, R. J. G. R., 2001, Continental dynamics

and regional metamorphism of the Liaohe Group, v. 47, no. 1, p. 9—18.
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Research, v. 233, p. 237—258.
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Temporal relationship between high—temperature metamorphism and

charnockite formation in the Yeongnam Massif, Korea

o] %9 (Yuyoung Lee) ™24 (Moonsup Cho) %7 El& (Taehoon Kim)?
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Incipient charnockites are orthopyroxene—bearing granitic gneisses that
are commonly considered to be a product of infiltration of COgz—rich fluids
during high temperature dehydration in the granulite terrane. Greenish patches
of charnockitic gneisses are locally present and hosted by granitic gneiss in
the Sancheong—Hadong anorthosite complex, southern Yeongnam Massif. Both
lithologies are foliated and show a variety of field evidence for partial melting
and melt crystallization. Granitic leucosomes and garnet—rich residua are
ubiquitous along ductile shear bands and/or penetrative foliations in the gneiss.
Based on phase equilibria modeling, P—T conditions of peak metamorphism are
constrained at 3.5-8.5 kbar and 770-840 C. The sensitive high—resolution ion
microprobe (SHRIMP) U-Pb analyses of inherited cores and overgrowth rims
of zircon from a charnockite yielded the weighted mean 2°"Pb/?%°Pb ages of
1880*= 5 Ma (n = 24) and 1861 £ 4 Ma (n = 27) which are interpreted as
the times for magmatic crystallization and subsequent anatexis of granitic
protolith, respectively. This timeline is consistent with that determined from
the host granitic gneiss. In addition, the zircon overgrowth age is identical to
the weighted mean 2°"Pb/?°Pb age of monazite, 1861+ 6 Ma (n=29),
estimated from the granitic gneiss. In marked contrast, however, monazite
grains from the charnockite yielded the weighted mean 2°"Pb/?°°Pb age of
1842+ 8 Ma (n = 15), suggesting that an influx of aqueous fluid took place
~20 m.y. after the crystallization of granitic melt. Although both charnockitic
and granitic gneisses underwent high—temperature metamorphism and partial
melting at 1.86 Ga, the former only was subject to a discrete fluid influx at
1.84 Ga apparently localized and characterized by monazite growth in
association with the retrogression of orthopyroxene to ferromagnesian
amphibole—rich aggregates. Our result is incompatible with previous models
suggesting that post—metamorphic peak infiltration of COs—rich fluid is
responsible for the charnockite formation. Further studies are necessary for
deciphering petrogenetic implications of charnockite in the Yeongnam Massif,
particularly in light of the linkage between granulite—facies metamorphism and

fluid—rock interaction during the waning stage of orogenesis.
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Early Triassic High—/2 and Late Triassic Medium— /2 metamorphism of metapelites

in the Nam Co accretionary complex, Song Ma suture zone, NW Vietnam

Hol ¥ a9 (Bui Vinh Hau)'? 284 (Yoonsup Kim) ', 8 1% (Youn—Joong Jeong)®
'ZE et A e 2etk )
Zahimo) A gk gt
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The P—7T evolution and monazite geochronology of metapelitic schists from
the central Nam Co complex, central Song Ma suture =zone, Vietnam, were
investigated in order to reveal two—stage metamorphic and deformation records
during the Indosinian orogeny. Representative mineral assemblage of the
metapelites consists of chlorite + white mica + albeit + quartz £ garnet =*
biotite + monazite (Ms), and an aggregate of white mica and chlorite defines the
major foliations (S,). Earlier metamorphic event (M;) was partly recorded by
relict mineral inclusions such as rare garnet + white mica + chlorite + graphitic
material inside albeit porphyroblasts, and the inclusions commonly define straight
to sigmoidal internal fabrics (S;) discontinuous to S,. Porphyroblastic garnet
contains a paucity of inclusions except for rare quartz and titanium-—oxide needles
in the core, and shows compositional =zonation typified by a bell-shaped
spessartine profile balanced by increasing almandine content On the other hand,
rare garnet inclusion within albeit porphyroblast is richer in almandine content but
lower in spessartine content relative to porphyroblastic garnet in the matrix. The
phengite compositions of white mica are relatively higher in inclusion phases
(~3.3—3.4 Si apfu) than those in the matrix (~3.1 Si apfu). The P-7 conditions of
M; based upon isochemical phase diagrams are estimated as 460—475C and 15-
17 kbar whereas those of My, as 440—-520C and 8—12.5 kbar. The results are
consistent with the P—7 conditions 410—-510C and 7—-14 kbar based upon the
garnet—chlorite geothermometry and the garnet—plagioclase—phengite—quartz
geobarometry. Monazite occurs not only in the matrix but also within albeit as an
inclusion. The compositions of monazite in the matrix are depleted in Th and Si,
but are enriched in P, La, Ce relative to those of monazite inclusions. The
U—-Th—Pb composition of the former and latter monazite yielded the weighted
mean “*Pb/*”’Th ages of 242+12 Ma (20) and 221+4Ma (2¢). The Early
Triassic M; is consistent with the ages of arc magmatic rocks in the region, and
the Late Triassic Mo might be accompanied by the collisional stage between the

Indochina and South China cratons.
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HuAto] Bl A ol 2o ME EERIIOIERS] FH o] 54
Phase transformation characteristics of birnessite to todorokite according

to the synthesis condition of cation combination

4% (Soyoung Min) - A9 (Yeongkyoo Kim)~

BE NI AT 2 7S

gRrol &2 30 7FA o) @3tk AtskE &
A9l (spinel) %, A
b gheFebAl dEbue @3 ARskE SollA sk e s A dA] ERto]Ro
g, Ua, IZES Vg AFFEHEES HAY 1 2(W/W)ZHA = /3 = 317] ulF o
AH oz 7HA 7 & Few Frien. dntdor WIS o] Fa = FE WMkt
2 HUAFo] E (birnessite, 7 A manganate, & —MnO,) 2} EEZE7}0] E (to
A manganate, OMS—1), BUt}o] E (vernadite) 2 <& A g}l BUAlo]EE =AF w1l
AbetER S3ke] F3tE 171 9ol =9] intercalation¥ o] @Y B35S A= FRolH, 9]
T2l Mg?"& X @3 H-Aelo] E (buserite, hydrated birnessite) 7} EEXZ 70 E z
&4 (precursor) o] ®th TR U9 Mg®" o] X3 Na—HulAlo] E7F K—Hd|ate]
Ext #4g35t7] die] EXRlo|ES A FEdE Aottt F3d BualolES] AW
4 ABHER] EERIPOIES MnOg ZHAZE EAYE 78t 3x3(6.9 AX6.9 A)dat
A He 27 542 0la o2 I8 e 1FSAES gelsta §88t7] & v
g Aol EATT
B AT 7Tl A7E AN E ke AE -2 7% 3] Feng
et al.(2004a) & Luo et al.(1998), WSS 47202 = Ma et al.(1999) &
kel 471 (0H) 9 4“7“}(1\/&104 JAIoFe] oFo]l2& Na'sl K'Y 2go® ¥ 12 71X
AR 3 FAGES A=A T
A% A3 YR e &
4 TEHOR s Avto] E g}
%3l Feng et al.(2004a) oA+ 7FUelE AFo] e
715 gk AFs -3k 71& BdAlel E= 7] Na, 3RS K2 sto] A AR
AN FEACE AAolE It S = T A WulitolE Aol TheR
=z =

ForT FHT MU EQAT EngslolEre FolE Fastgi.
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AR Ao BAHE AAAAEY Aol B4
Characteristics of Phase Transition of White Precipitates Found in

the Acid Mine Drainage

o219 (Jin Woo Yeo) - #Y3t(Yeongkyoo Kim)”
BE st A GA| A~E

AR AN A A ) G s ol wste], T2 Ao A ¥
v SR | F 3 FEel gaME Fueeln gel

97] Wi Bol AFHoIA HAW, AT FES 5 @394 F2 vepin
4 & gEolh AW o AN A FolN FFEE FEo)

=
FALE pH7F BiA o2 =8 shdael v Ad o dFvEe] Selert {435 SobA
=

|

o

= ATelAE EARAA FHY aheld AFE A4 JFAES gdeR AR
9} &9 =

ot pHSF & z7ol A Alzko]l Age] whel dojiubs F=Ate] WstE AERggth ®
3t SO°79 w7 = A A Gre] 12 gl pH RISE B WSEEE wmEA £X
AlA B o EAeke A JAEe] HFAQ Ao AES dotr A ok 24
HAXAEL F2 basaluminite®} H]F 2 AI(OH); % w9 Aljs—tridecamer? &3 EZ
T EH, o5& FE XRD, XANES, /Al MAS NMR 5o& 1 &A% & 4 9t 3
A= HH-§-2 basaluminite®] FZ23H-g817F WA dojud v]g A AI(OH) 39 shaFol
<738t o]% pseudoboehmite?] AT E2 ©WAE 713 A pseudoboehmite”} HE H AL
= A S|

dHo] HAS AR 80T 2EoM= olyd Ao o] 2 vkt vl w4
W$o 2 woA i basaluminite®} B A AI(OH) 7} FEdtE 27] FAE AEE HFolgl
A} 728l =& pHE basaluminite Yl outer—sphere complex® ZA5t= S04277]9

#53}9 pseudoboehmite ATEAZE] AHolE FA it Algko] Ao uwhe}
FEL g3 W AdHole oJste] fHMe] pHiE YWolA= AEFS Hlow, SEM#E Ay
pseudoboehmite’} @A o] % ¢k7ke] 1AFe] 7] S7keE #EFE 1 ebAs A2 e
v Holx oskth. aEla SO 7F EASH: A EAG U ANH P ES] HF dHol
AFELS ok 1657 Ad AEHloA % pseudoboehmite® Hol Ytk ¢ & pHoA=
Zdelld 357 I AE vEE F7HAQ FEAe]l EAEkE Ao e
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Na—, K-, Cs—HHIAlo|E EAEds B old AT
A molecular dynamics simulation study of Na—, K— and Cs—birnessite
v=4] (Sujeong Park) A714 (Kideok D. Kwon)
Fddsta AAaetie A Aetyt, FdE FdA Addgetd 1
B "W AalA wgiddels  wie £3] AAEEs ARSI #uAbolE
(birnessite; Bi)+& & HIEWHA S 714 FH Fol25] gt F2 o] wi¢ Hold
ik obye}, x4 F3t(nterlayer) WolA Xk ol mweh do] &ietA dojdrt. &
A Ml Es a5 A 3F 5 29 =4 Aes -] 9% A9 FEEA
FEEIL Ak A Aol sk HulAbol Bl FH ko] 2] whg 2 S3F Wl ol
20 T W =/%ol= kel wel A #-e-H 7] wiiel WulAlel B FXF Fhxel o
o dxp 2o ozt v TSttt Axstar Atk Iy HulAelEs UiFE Ui
(nano) ZL71= AtE HWA AA L g vol Al Wor o5 H3F x5 94
FeollA dAFete dl ol SAITE Stk oW Aol = 71E9] oy AFEA dolgE b
o] A alAetr] St o224 ARE AFetr] fd, 1d EAESs AlgdolAd
(classical molecular dynamics simulations) & A}g3lo] B UAFO]E =71 ko] & (Na©
, CsN e T/ 9 E/¢0l2 T e A o 724 WItE Sk 34
HUAF|EE o] &3 7]E A5 Algel wet BulAlelE 58t o] &3 ol &
ol B xpolE Ko F3F ol =9 FFel dsiM = EgAAo] A A A
7}, Na-Bi < K-Bi < Cs—Bi ¥ 2% d-spacing®] 7let=s e Blou ol 7|&E
Ad A (Lopano et al, 2007, 2009) A Aojzl K-Bi < Na—Bi < Cs—Bi ¢ &3}
stk Axrd el Addas o] xtolE qtEetr] flal BulAlelE F3F o <Fol& 3t
O] v &g st 2dsto] Axkst A9, 4 7o HE[HO0/MT = 287 M = Z
7 K'Y =& Nah)lo =238& w d-spacing 719 9d& @&t S3F Sol2 3
A A olFv & wAY w3 o] HulAle]EL] g-spacingel & ¥EFS WA=
)
S. (2007)

o]

o,
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W7]-7H7] FetY AdHElo|EQ 318t AR EXE o]f3 7[R B4 g
cHolasy % P2 A

Identification of sediment provenance using elemental composition of

=

smectite during the glacial—interglacial period: Example of
sediments in the Bellingshausen Sea and Drake Passage
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5 7R devt vk AdEES e flEA 9-E
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197 BAE Aesnr] g3 d= Seola
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HER)EVE 3 ¥ d ARE Helth o3 A= GC360
ofell Al Wat7lel AHElO]E S N7} vhEAl vERs Aol
Jeer, AEFE] IR wistel 4 AWEle]ES 3ekA
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A comparison study on REE mineralization between Mushgai—Khudag

complex, Mongolia and Hongcheon area, Korea

eEFI-—o=Zd o5 (Otgon—Erdene Davaasuren)'® - ©]¥ 3 (Bum Han Lee)??”

434 (Bong Chul Yoo)?? - 3A4H (Sang—Mo Koh)??
a4 49d 7Y FEAAATEE A e A7) T Al E
‘oA AALA TS DMREEA TS

Saet) AT AN (UST) BE - Ast5Adsas

Alkaline province in Southern Mongolia is one of the most economically
significant rare—earth elements (REE) mineralization belts in Mongolia, including
the Mushgai—Khudag and Lugiin gol deposits. The REE mineralization in these
deposits 1s spatially and temporally associated with carbonatite type. In the central
Gyeonggi massif, Hongcheon area is a unique carbonatite locality in South Korea.
In this study, we attempt a comparison study of the REE mineralization
characteristics between Mushgai—Khudag and Hongcheon deposits. The
Mushgai—Khudag carbonatite—alkaline complex, which i1s composed of sheet—like
magnetite—apatite ore bodies along the contact of the Jurassic syenite porphyry
and the host Paleozoic sedimentary rocks, whereas Fe and REE ore bodies in the
Hongcheon area occur within carbonatite dikes composed mostly of Fe—dolomite,
which is intruding Precambrian basement gneiss. Four main mineralization zones
were recognized in the Mushgai—Khudag complex: Main zone (MZ), Apatite hill
zone (AHZ), Tumurtui zone (TZ), and High—grade zone (HGZ). Petrographic and
geochemical studies were carried out on samples from AHZ, which is REE-rich
mineralization zone. Main constituent minerals of the AHZ zones are apatite,
magnetite, hematite goethite, fluorite, phlogopite, pyrite, monazite, and accessory
minerals are phosphosiderite, rutile, ilmenite, quartz, fluorite and zircon, while
Hongcheon carbonatites are composed of dolomite, ankerite, siderite, magnetite,
monazite, apatite, strontianite and pyrite with subordinate quartz, barite, columbite,
fergusonite, and calcite. Monazite is the most dominant REE mineral, occurring
along crystal boundary, crack and growth zone of apatite crystals in AHZ. These

primary mineralization properties are similar to Hongcheon deposit. Considering
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trace elements and REE contents of apatite in Mushgai—Khudag complex, the
rocks are characterized by enrichment in high field strength elements (HFSE, i.e.,
Th, U, La, Ce, Eu, Pr and Y) and depleted in large ion lithophile elements (LILE,
i.e., Rb, Nb, Zr and Ti) in primitive mantle normalized REE diagram. On the other
hand, Hongcheon complex shows more enrichment in LILE, especially in K and Ba,
and light REEs but depleted in HFSEs (Y, Ti, Zr, and Nb). In
chondrite—normalized REE pattern, they have similar characteristics that shows
enrichment of light REE relative to high REE with small negative Eu anomalies.
Based on the geochemical data, we suggest that the Mushgai—Khudag complex in
southern Mongolia is related to the lithospheric mantle source, and interpreted as
formed in within—plate tectonic environment and associated with extensional rift
zone, which are consistent with characteristics of Hongcheon area, Korea.

Therefore, Mushgai—Khudag and Hongcheon deposits contain high LREE.
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HF 5 & dsZE533dY F5AL4EH#
Sulfur isotope values in Oyon polymetallic mineralized zone,

central Peru

327 ofmAEt(Jorge Acosta)! - 3H 3% (Chul-Ho Heo)?*
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29 njAatd, I FEANG, 2832 A gitge] g sio| =g E Y
gl MAE 9%
Effects of adsorbed arsenate, chromate, and selenate

on the phase transformation of 2—line ferrihydrite

A8 (Gyurye Kim) - #97F(Yeongkyoo Kim)”

AR A A AT

1. A
7 g]sto) Egfo) E (2—line ferrihydrite) = AF3} #E (Iron Oxides) = 3fifo]w,

A Wi, A PANSE THE AABFeNA £3) AT 5 Qe PRl Ed,

ﬂl}fj-[

AN
HA A (goethite) 3 A H4] (hematite) £ Y& Atst d FERY AAT7 o] o,
o] 9l HxWAe] A1 L F2 FTHE 7FA 3 vt (Cornell and Schwertmann,

2003). olyst 5o x Q& FedtolmetolEx A oY 2@EAL] Ass
Aojgt=d T3k &8s Syttt (Manceau and Charlet, 1994; Jiang et al., 2015;
Mamun et al., 2017). kA%, #lejsto]=efo]Ex= Gstalom QHgabA] ool AJ7bol] uwh
g FEAol Wgetes F FEoln, ARt o R AWEE AXHA AAd FEe A%
o & wEH Aol FhAadte] F2 A4 (adsorption sites) 7t FoJETh o2 s FAH
d=do] Alztel wet vl FAE WEE S Utk K3, FElsto|Teto] ES AWsh=
gAY 29 o] =e g AAd & FAHAY HF A=l debd & UAARE
(Das et al., 2011), o]l thsh F3H2AQ1 A= AFor Wx] ook & AFoA= =
glstolEetolEo]  FzE W4k (arsenate), A FAF (chromate) % A FAES
(selenate) o] Al AFs}E-o] (oxyanions)©] | g|sto]=gfo] EC] Awigle] w|x|i= &9
tjato] ARk ApANA ] A FE AL W pH 8 oA vl AT-stit
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Emission Scanning Electron Microscopy, FE—-SEM) ¥} Brunauer-
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W] 98 A (ime-series) WA 4B FAFAL A AP FE, 1, 3, 2eln
15 mM 9 WA, AEAY, 223 AdEAY $89 2 Lol 10 g9 $4 selstol=at
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A sk o) Fol, Az At
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EE 4 A9 3 “H Ho A 224 «437} e Azl o
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14 GPa9 1A &AF E33sk v A A Nay0-3Si0:9 1A NMR &+
A solid—state NMR study of carbon—bearing Na,0-3SiO, glasses at high
pressure up to 14 GPa

7184 (Eun Jeong Kim) ' - ©]A(Sung Keun Lee)?

Hgdeti Nzded T, 4 deby wet |
AEUEI AT A, Mg ol dotE 1
1. M4
WMES 2T oA 7 2 e RT3 29 sz, WME oAl B ghshe
W3alol 7o) WE AL 8629 WAool AT EHo A tﬁﬂ@ﬂ Qere A= Mow
WA H2 AW AFe)A 28 ~380 km Zlolo] A= 30-70 km FA19 AR

g A&EFo] AT (Hier—Majumder and Tauzin, 2017; Revenaugh and Sipkin,
1994). 7 AHESS T FHE AAE Holm, 2% TR Qg ALHESo] of
el 24 ®st 9 aA VAR Qs FAE A AR QI ASE
A= AE 449 H5eds 33 ASE
o G&Fs = o] T ' FEFe A 12~14 GPall oA AkE &84S
Aoty AR AEZEEFS A Aoz f-F¥ Y (Hier—Majumder and Tauzin, 2017).
14 GPa7kA] gt gHgelA &5 TS Ak B8A1S SAVE A gAbS S8 Al
el 39t AN TarE EFTS AT &
B

L i
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= H multi—anvil press) & ©|&3t] Hol 14 GPa7t
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A1717] flsA el e ® e vhA g el 3ulel sldEh: Nay'’COsE Al:el 713
o, dulg AdelA AlE W9 CO, FA EEELS HAEA Fgkeh TO7E FoiE ©a
3 B A Nay0-3Si0t= 4 244 07k F38 Si0& ol g3kl Tt
Z27F 1= B8 A Nag0-3SiOe= 1 7194 dtollA "07F H-3t9 B4 Nay0-3Si0.5 &4
T, 8l ARE WM FHO Yi 11008 HE MY ZHAE o] §ste] 9.2 GPaolA 7t

rﬂ mlm §°*'

ey

"C MAS NMRZ O 3QMAS NMR 2@ Varian 400 MHz 3% NMR(9.4
TelA 3.2 mm Z2HE AFESte] 5k "C MAS NMR 100.58 MHz9| 2hxe]
AF 4 (Larmor frequency)°lA4] o}t}9tek(adamantane, CioHig) & €% 3 3IE 38.56
ppm 7]FO0 % A4Stk 17 kHze Al 3JAEEA 1.2 pso @d HA(E0° EX)E 7
il 5% HAWE gi7Ato® AHEHS FE5FPrh 'O 3QMAS NMRE 54.23
MHz9] #Ro] FFolx = (H0) 9 A= 4S5 0 ppm 7|+ o2 F53GTh 15 kHz
o) ANE IAEEAAN & FE WHZE (fast—amplitude modulation, FAM) 7]4HEe] o=
A Al A (shifted—echo pulse sequence) & AFE3lo] 3.3 ps® Z3 A F WH
1.0 pso Hx, 2830 11 psf s AAE Fo| 5330t AAE 7|k 1%
ojtt.

3. d% 4 1F

14 GPaZbA 9] A el ©as ¥8 844 Nay0-3Si029 "C MAS NMR
HAEHS ~171 4 ~160 ppmolA] Holx 2719 €4 da AL Ro|n, Z+7be 24
Ak (free carbonates, Na™--C0O5?7) 9} 44 ®H4F4d [bridging carbonates, Si(COs) Si]
AZA(Kim et al., 2018). ¢¥8 9 F7kel meh Alg W] &2 g&Fe] S71siH, o]
& 7] BAC ¥ C0.9 #H AXUE 6 GPa ool A wakde] E4)
glElth 8 GPa ©]3t2] koA = ~160 ppmeollA 3 A7} Holu, 9 GPa o]dolA+=
o] FA4lo] ~165 ppml=E o]F3dh= AAH HRIth o]Zlo] §hteof whE Ad wAke 9
TZ 9= (structural distortion)®l] 23t ZIA, MZL wAFE Fxo AAHoE 7|t

I >

s

HON o KU
H

F

ZAA o s FAF AArE T3 AT Qs Y 9IS dF galgdo® sk
A, teo] FUMEe wet dd gakd el #&o] FUske] 14 GPadlA = FHdl 60%l
Aok ' 3erEo] 1d 't oR EATH

9 GPaolA FAW ©AE xFsl u A4 Nay0-3Si0:9 BAS EFHatA] e H|
44 Na,0-35i029] 'O 3QMAS NMR ~#HEHLE u]ddd Ak (non—bridging oxygen,
NBO) ¢l Na—0-'"Si¢} Na—0-"9Si, &14 4t4 (bridging oxygen, BO)<l MSi—0-Ysi
u Wgi—0-Bigie] =42 nojZrt "0 3QMAS NMR AFEHS isotropic AHFO =
T AHAEHA Na—0-'YSi} Na—0-"0Six= 712} ~—-25 ppmIt ~—35 ppmolA]
veby, WSi—0-Msi @ Wsi-0-P08i= 247F ~—45 ppm W ~—65 ppmelA YERG
U (Lee et al., 2003). &4AE X33 Nay0-3Si0 A= &AE Eshelx] S HjAA

(ANst=2 &= +§| BH2 Qb A B
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Nas0-3Si0s¢] B8l ~—40 ppm % ~—65 ppmelA 3= A7]S =4 vev, ~-30
ppmol A= B4E £33 ¥4 Nay0-3Si00A1] 33 A7 7F &7t Qe ARt o

oo vl wig 9 70 W A AAE §3 NMR 38 o]l F ke AAS
Foll 7hed Ao AzEn, A AdkE 3 6} Joll kMM =2 gol Adte Eslid &
AE XEgstal Sl ¥18 A Nay0-3Si0, ]AH 2 A A0 WMyt AAEAZRE 7]
gk 72 WsRIAE 52 5 ST "daE Eﬁfﬁz M7 NaxO-3Si0z014 Yeb=
73 F7HES AA ol oF 9%olth 9 GPa Almel &al¥ v IS 22 mol%olth

C MAS NMR ZA3ellA Altel A4 gt o] w82 40%=, 9 GPadlA EAsts A
22 mol%®] W F ~40%° ©27F Ad SidE IR dd SAgos Qg A
2 A7 A Wsks ~9%l siddth webd, was 1784 Nax0-38i0:9 70
3QMAS NMR AEHoA Ueue 92 S7bs ld @ikl 4oz 7)elst At
dx 874 wistz gzdch 2 OHLOM,—E G oM EASHE ' gl gt APEA
9 dds AFor APAoR AR o 2 HHEFH A whawh o] ©
gl =gk ©a & ﬁ?é vpawke] Gz W gkl o
B 27] A7elA das £ A vavts T AT dFEe '

A X
HE JuE ATE AOE PHT £ JOB AR U wi FFL Fol wad ni
W

B

o
<

olv
il
r'O
e
o4l

phe] Bl A[Agle] gk NMR 7% 24 A5 dgshd gk el kel vhiiwkel
B 717l HE A Do) ARE A ZoR vHEn

4. A&

B AN s BAas 238 AE Nax0-3Si0.0149 2 ®Waks °c & 0
NMRE 538 #A3ck °C MAS NMR AFEFo)A 2 @ikl 7 o aabd o) 4171
FAEglTh 4o Srkel wEt AR W wa e F A Sk el B FUtst
7, 14 GPaolA= 944 w@akede] #&c] Hd 60%°1 2tk 'O 3QMAS NMR Hlo]E
= 2l SAR AT I A7) s AEEglen, v goleh il watkde] ddd
Az A #739 wE muERE olZlo] AF 'atde FHor V| AgE AAN
o2 el agk @A AR el EAshs 9 'k Tl dE '@ gl
Az AARAE S APHoR FAdnh ol ARe dow 27] ATelA Ak vlint
BB AT YrEe g4 ol Y Bxef s JRE AT Zlow A4dn

Hier—Majumder, S. and Tauzin, B. (2017) Pervasive upper mantle melting beneath
the western US. Earth and Planetary Science Letters 463, 25—35.

Kim, E.J., Fei, Y. and Lee, S.K. (2018) Effect of pressure on the short—range
structure and speciation of carbon in alkali silicate and aluminosilicate glasses

and melts at high pressure up to 8 GPa: *C, ?’Al, "0 and ?°Si solid—state NMR
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study. Geochimica et Cosmochimica Acta 224, 327—343.

Lee, S.K., Fei, Y.W., Cody, G.D. and Mysen, B.O. (2003) Order and disorder in
sodium silicate glasses and melts at 10 GPa. Geophysical Research Letters 30.
Revenaugh, J. and Sipkin, S.A. (1994) Seismic evidence for silicate melts atop the

410—km mantle discontinuity. Nature 369, 474—476.
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Spectral characteristics of carbonate minerals and ore exploration
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5T URESIALY AT © TAY ¥AT 23 £
Granulometry and component analyses and volcanic eruption types
of the Maljandeung tuff, Ulleung Island, Korea.

SHg st A T8 skt
eHeTheta 7]z 3ol A’

of AN $Et, FE/IAY BEY AR AAS] @ AvtdRA %
F FoW BABL FRE Aujstt BAS oA g8, AYANTY A% Aao)
A7E AL BalT 2Ae] B¥ahs zoym
a3pAolT), dfetyl RERYe Fat FHALF
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F(Ar—Ar 1.43 Ma), €557, 4JAE5TY Y857 59 47 S22 FUvHwang

et al., 2012). EE=7L A5 (Ar—Ar 1.25 Ma) ¢} &b FwHobdorR (Ar—Ar

0.75 ~0.53 Ma)® FA4H1, AJE5ST2 AF 2ddddF(Ar—Ar 0.33~0.17 Ma)
=

o EmgfolEA SHF
AdFE A E
A3 qtel ek AP EA AdiE FaAelA A EHAE FokE 7IE2E 9.3
=9tk (Arai et al., 1981; Machida et al.,
1984). #H<*el Okuno et al. (2010) &3ty A B¢ A|5E o] &ato] d-de 7z
gzt 9% gxzebsel giste] oF 11, 9, 5.6 ka B.P.o] WAMIEAAYE Bt od
Im et al. (2012)2 L& 2=t W7 HIAHE HH 2 thabe] oF 19, 8.4, 5.6 ka
B.P.9] 14C A& B33tk Okuno et al. (2010) %2} Shiihara et al. (2011) & 3HAFHS]
STOoEFYH WAMIR A Adiel A F5teE A Vet HEgsAE sk, whet

A U—-49] AdE °F 11 ka BP=2 T35
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(Sheridan and Wohletz, 1983). 3¥# o]gjdt &% EHo] gl “Ax" FZF7|vtav}
A AN EES e AeS AAet o8 FAA e 9E olux 43 o #Z Fg
L=

4 | ase] sl H4stH 71 7E 9
Hstdh. BAEAGS el ZejE ASReNM 34 WMz TREY, 474 29 Y
F 9 ehag Ak S35 2 dae

4w g EA R
£ zwery @7e] B9 U J
g9 Aol oshd, BRESAGS FaAs) FRE U= FEkIY BE
el A vhnky BENOE OB UEit & $39F 2 daAdLFe A5t o

2 Aol vhankt B9 Bua 4EAgelN FAHE FE I BB EE71EY
Ul RIS QAS, RAFS BAskag] 9% vharky Buag &yl
A fUsE Y ANES dehah
sittel A ARA vhavk A Ee) JrE Aud BWel o vhaek/E )
b oaas BEAEY E&AN AU FPL Austs Fo etk Z7)E viav
Fol Rg W Y Asprhsme] Aol vhavksl FwH FEAE0R $5715
Uel RaE dogon, Frel vanklFe 4502 vharky shaglel Astegturt
Ad BEz Ass e oA viavky FuYRe] QaAw dojihs By

_4

o] AE 7|4 A M See—At7]| &7/l dAT; (KMI2018-01610)29] Afdo=z 53]

Pd-__]_—,—‘o‘]

Hwang, S.K., Hwang, J.H. and Kwon, C.W., 2012, Geological report of the Ulleung
Sheet. Korea Institute of Geoscience and Mineral Resources, 84 p.
Im, J.H., Shim, S.H., Choo, C.O., Jang, Y.D. and Lee, J.S., 2012, Volcanological and

paleoenvironmental implications of charcols of the Nari Formation in Nari
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Caldera,

Ulleung Island, Korea. Geosciences Journal, 16, 105—114.

Kim, G.B., Cronin, S.J., Yoon, W.S. and Sohn, Y.K., 2014, Post 19 ka B.P. eruptive
history of Ulleung Island, Korea, inferred from an intra—caldera pyroclastic
sequence. Bulletin of Volcanology, 76, 802—828.

Okuno, M., Shiithara, M., Torii, M., Nakamura, T. Kim, K.H., Domitsu, H.,
Moriwaki, H. and Oda, M., 2010, AMS radiocarbon dating of Holocene tephra
layers on Ulleung Island, South Korea. Radiocarbon, 52, 1465—1470.

Sheridan, M.F. and Wohletz, K., 1983, Hydrovolcanism: basic considerations and
review. In: M. Sheridan and F.Barberi (Editors), Explosive volcanism. Journal of
Volcanology and Geothermal Research, 17, 1—29.

Shiihara, M., Torii, M., Okuno, M., Domitsu, H., Nakamura, T., Kim, K.H.,
Moriwaki, H. and Oda, M., 2011, Revised stratigraphy of Holocene tephras on
Ulleung Island, South Korea, and possible correlatives for the U—Oki tephra.
Quaternary International, 246, 222—232.

Walker, G.P.L., 1973, Explosive volcanic eruptions — a new classification scheme.

Geologische Rundschau, 62, 431—446.
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Preliminary study on the mantle source lithologies of late Cenozoic alkali basalt

714 9F (Seongyu Kim)!

from Baengnyeong island, Pyeongtaek and Asan areas.

the Mineralogical Society of Korea and the Petrological Society of Korea,

May 30-31, 2019, Chuncheon, Korea

Proceedings of the Annual Joint Conference,

ol
cy
To

xi

™

Tor

A o

L

s

Foplofe]

)

LILE (Large Ion Lithophile Elements) 7}

Zotal g o] Hl8) ¥3¥o] 91, HFSE (High Field Strength Elements) ] ZA o] 1}elut

A ¢kom Sr—Nd-Pb—Hf %9

[e)

o A Y= 3F2(0OIB, Ocean Island Basalts)

=] =
75

B

&

°of W

DMM-EM2% 994 %A

il =

[¢)

F(+) ¢ o]} LILE®] 3

[¢]
[e]

1 DMM-EM1 %45 vebdy, 22y o5 o

S

Eu

HEE el A 33 A ode] 9%

o} A EefA] x

ofpy

5o H3hE o

Rb, K, Sr

2 BAEE EHolt}. Sr—Nd¥ Pb—-Pb &

o
e

B
=
=

4

A

1

5o

}2)]—

£

4

8751"/8651"_ 143Nd/144Nd3”} EOGPb/204Pb_207Pb/204Pb %_ﬂ

=
=

Pb/*°‘Pb #] tiju] wi-g- -5}

11}, K—hollandite

9

)

H 2 mEo] E el oA A&/ 3t

. 206

R

7FA The]

=

O] E (tuite) °|EZAC|EV} F&H oz EA

9 Yol EA L}, 206ph/20iphp—208ph/20tpL Al o A]

¥ 208pp20ip n)

=3
g

%S

1
fite)
2}
I+

7
-
Ko

)

ﬁo

T

b dloE 7} v

hl

o

L

o

=

(AH

A 7MA] o] g 7}t

T

°
pal

ol ol

C‘):]'_
_99_

a5

oI
=



Proceedings of the Annual Joint Conference,
the Mineralogical Society of Korea and the Petrological Society of Korea,
May 30-31, 2019, Chuncheon, Korea

A75H AR BAR AT 47157 B3 1A o] Yehjt
A 3442 v
The comparison between the Neoproterozoic igneous activities around the
Gonamsan area in the northern part of Gyoenggi Massif and Dangjin area in the

southwestern part of Gyeonggi Massif

oludl . o FB . o] 7] %
Aty A7 et 9 AFEHAN AT AR
Petm 7] 2R A
(E—mail: 'dlghdud486@hanmail.net,’ocwhan@jbnu.ac.kr)

Zryol 2ulF ¥4 2 £47 #dw A4 gAo] BTy FEer 1ela
ShtEo A RuEQdeh & ATelAs A7 SR agat A9n A7 AdE-9
Gz A el AT AAdAY LS AFsEATh B3R Ao A A A5}
A4 A85 wEeR A FFY AUy SR dAnfgder BFEvh WA 2
833—-793 Ma<] 3t AN FAHACH, FHA A9 797 Madl Fujs 374
oM FAHAT. gl AMA ZAHSL 760 Maol FFE @A FAHUG. SLn
Hepek> 833—-809 Maell sAtE A oA A8ttt 71EAF8 &7 oyl A& I
—&7/ #A2o] 900-809 Ma <+ sAts Aol om HFHoRE o AP 774-703
Ma 74 430 @A o= v dSS AAseh ik ek gy @ elx] 873-851
Ma 7ol #dstolth Z2A 9L A £4S AAg ZHdeh U A EHI(D) 32 -11.6°1
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A 6.2 HojFEth o] AREL PR -FA Aol 890 Ma o|de itz FAHol
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Figure 1. (a) Schematic map showing the distribution of Meso— to Neo—proterozoic rocks in North and
South China Cratons and their correlation with the Neoproterozoic rocks in Korean Peninsula (modified
after Kim et al.., 2006; Oh et al., 2009; Peng et al., 2011, Wang et al., 2012), (b) Simplified tectonic
map of the Korean peninsula showing the distribution of Neoproterozoic rocks in Korean Peninsula with
their correlation with those in the North and South China Cratons. (modified after KIGM, 1995; Oh et
al., 2009).

(AL)S g

Yoy - HIANTY
- 101 - 20199 ZSUSWEY =27



Proceedings of the Annual Joint Conference,
the Mineralogical Society of Korea and the Petrological Society of Korea,
May 30-31, 2019, Chuncheon, Korea

Y- A9 AE7]-Eetolokxy] FetF the SHRIMP
Ho}Z U-Pb ) @ ¢4 JAe] B3t ofu] A

A preliminary study on SHRIMP zircon U-Pb ages and petrogenesis of

Permian—Triassic granitoids from Pohang and Yeongduck in southeastern Korea

H3H L (Hyun—0k Choi)' - H4J 3] (Sung Hi Choi)? - 2% (Seung—Sep Kim)?

B Ads e

A EFEAU AN JINek AR A S Y Aol wEsta
A AAE/PY SR AAE U eR SHRIMP Aol U-Pb AuEFAE Fdsta, F/
T 2 ARE FEl 1 AAE dothauA Frh ofwl Al ARgE 2 Als
=AW e A (PX -1, PX— 2)OETE1 53 7Rkekeltt. PX—1 A5l
A A% 3658me 3676m T-3ke] AlF Ih AlRE, PX-2 AFFlAE AR 4219m
F29 Fo] Az A% 4160m, 4169m, 4174m ?7}4 Hi ANRss WdoR 3
T A AT GE AAbE] Ao AlEs ke ARtk TAS RRReld £
ARES W ASgd-As5g-sidgdo s . Ak AREe dedd dsed
—EEASS A ARd-AdezYelE-sdd o R, 99 AEed 2RAsg-2
el E-sdgd Asdor FREH K0-Si0, FdiedlA =¥ 94 ArES 2
-] Adel &spHvt, FAkE Alss A/l Za-odEEeM o ZE da- o

TEAORE S0, Tl F7HEFE MO, TiO.,
Bolxuk AlLOs NayO, Sr, Zr 94252 A
BZ o] BHA7|7} Ao ulgl thE7)

¥ XA YA (LILE; large ion lithophile element)] ¥3¥ E4S Holw Nb, Ta, Ti
gl Ho o], Pb HAeA ko] ool #EH = o= AF A Hdd 714
S sdsth Rb—Y+Nb AFE2FEEA BE ARES A8 e
SAE Qe ARE AAgTh Ty Sr/Y-Y 3= La/Yb—Yb ¥
Ak AEES dl AP A s Gl EAEE 9, 9Y AEES B
= olt}gfol E (adakite) o] EAE = xfoldo] WAL LA 2] t]d SHRIMP A
o] U-Pb dth&% A3}, PX—-1 A8+ 2600 £ 1.9 Ma, PX-2 A]F o] Ag&
283.0 * 1.8 MaZ A7t A5 T 7Fg edd 7tsdadgo]l Falzliah Axbe] Als
oA Al whe kA ASed 2S5 AsES 747 258.1 £ 3.7 Mas}t 260.6
£ 1.6 Ma® 7tedaabs Jebda, 18de MY E2xUolEsg s AsES
258.5 = 1.9 Ma, 255.8 = 3.3 Ma, 259.2 + 1.2 Ad = g
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DEATEAG] LAY FHEST o]F AYY HYeke] FYAY] U
SEEXE
The age and tectonic environment of the Neoproterozoic Bangchuk formation and

intrusive rocks in the Gogunsan islands

72194 (Won Jeong Kim) ' 233 (Chang Whan Oh)-0]% 3% (Seung Hwan Lee)!
224 (Jin Seok Kim)'A1% 3 (Myeong Ho Shin) g% ¢+ (Ji Wan Jeong)'
s sty 2|87 ek}

(E—mail: '’kwj2205@hanmail.net)
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Kim, S.W., Cho, D.—L., Lee, S.—B., Kwon, S.W., Park, S.—I., Santosh, M., Kee,
W.—=S., 2018. Mesoproterozoic magmatic suites from the central-western Korean
peninsula: Imprints of Columbia disruption in East Asia. Precambrian Research
306,155—173.
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FORMATION AND EVOLUTION OF THE LITHOSPHERIC MANTLE
BENEATH SOUTHERN VIETNAM

Hoang Thi Hong Anh'*- Sung Hi Choi'?- Yongjae Yu'?- Pham Trung Hieu®

'Department of Astronomy, Space Science and Geology, Chungnam National University

(chois@cnu.ac.kr) - ?Department of Geological Sciences, Chungnam National University - *Ho

Chi Minh City University of Science

Major and trace element compositions of minerals as well as Sr—Nd—Hf
isotopic compositions of clinopyroxenes from peridotite xenoliths entrained in Late
Cenozoic alkali basalts (Ia Bang, Gia Lai province and Don Duong, Lam Dong
Province), and mineral chemistry of Early Paleozoic ultramafic massif along the
Tam Ky—Phuoc Son suture zone have been studied to provide constraints on the
geochemical characteristics and evolution of the lithospheric mantle beneath
Southern Vietnam. Most of the ultramafic massif are highly serpentinized
(~95—99%). Presence of abundant mesh texture with bastites, however, indicates
that their protoliths were harzgurgites or dunites. The mantle xenoliths are fresh
and mainly spinel lherzolites with rare pyroxenite. The minerals of the ultramafic
massif are highly refractory with Cr# of 21—-77 in spinels and Fo of 90-95 in
olivines, overlapping with the field of supra—subduction zone peridotites, whereas
the spinel and olivine compositions (Cr# = 9-15; Fo = 89-90) of peridotite
xenoliths are comparable with those of abyssal peridotite but extended toward
more fertile compositions. Estimated equilibrium temperatures range from 860 to
10500C, and from 600 to 7900C for the peridotite xenoliths and the ultramafic
massif, respectively. Based on the olivine—spinel compositional relationships, the
ultramafic massif are products of relatively high degree of partial melting (up to
40%). Meanwhile, the correlation between (Yb)n and (Y)n of clinopyroxenes from
peridotite xenoliths indicate that they represent residual mantle after <10%
degrees of partial melting. The rare earth element (REE) patterns of
clinopyroxenes in peridotite xenoliths varied from light REE (LREE) depleted to
spoon shaped to LREE enriched, reflecting secondary overprinting by metasomatic
melts or fluids. The calculated trace element patterns of metasomatic melts
equilibrated with LREE enriched clinopyroxenes exhibit enrichment of Th, U and
LREE but depletion in Nb. These observations, together with elevated Ti/Eu ratios
in these clinopyroxenes, reflect the role of hydrous silicate melts/fluids rather
than carbonatitic melts as the prevalent metasomatic agent. The Sr—Nd-—-Hf
isotopic compositions of the xenolith clinopyroxenes are generally plotting within
the field of the mid—ocean ridge basalt (MORB), indicating that the lithospheric
mantle beneath southern Vietnam might have been newly formed. The geochemical
differences between the two suites of ultramafic rocks indicate that the early
Paleozoic highly refractory cold lithospheric mantle beneath Southern Vietnam

have been replaced by hotter and more fertile Cenozoic one.
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Yok whol 9.4 BRIGRY ATEHEH 5 AuAT
Geochemical characteristics of Miocene intrusive rocks from Tsushima, Japan:

Preliminary study

0] 2] (Eun Ji Yi) &4 3] (Sung Hi Choi)"**7%¢1(Ji In Kim)-°]4 & (Jeong—Hyun Lee)'?
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AT AP Ao BxsE Her] d7eEeto
Al s 4ty AT

Geochemical Studies on the Petrogenesis of Jurassic Granitic Rocks in Hwacheon.

3% 3] (Chung Hee Han) @34 (Hye Su Jeon )89 = (Young—Rok Park )

o
LAY A AA TR o

A5 B AUE SAT A ool BEele A SRAde &7
4, HER 34, FARY BeR s W FeR sagtew ojfod gt
TdL ARS A%, o dHEe Wy

o] g-3to] AFM tlo]o]13lo] E*l
19 = Z-3-<Zg (calc—alkaline

5t

o
% A/C+K+N vs. A/K+N throloj 3ol A3 o, <-Fw|r} ](peralummous
S & g Qo ol IPAYAYE A 9

_N_ﬂl
X
I‘U.\.u

(subalkaline)

o,
)
>
b

o
-
(A
&

g gt

Al,O5/TiOy vs. CaO/Na,O tholoj 3o T A|sk A3, ¥} 321 F7eore Abd %4
(psammite) & 7HA= <9, 8 374 & A

A 24 (pelite) & 7= 9] 3 &8 s FHEHUS
]2 AFM tholoj 1 il
ntEHYH 2 AES S A E Flo
A7 e e ® Kol o] HAES APEA Y] B E2E
H FAHNES & 7 AUnk Aoy thololafle A A4l Cs, Rb, Ba®l ko]
stxlo] vebvba, wge 949l Ta, Nb, P, Tiel #el A el Agsty &5
(negative trough) & Holi= Z1o% Kol Ao FHetry] skt Add &7l
A A" Zloz st

(ALB A B S - BIANBY
- 106 - 20198 ZEASUEY =27



Proceedings of the Annual Joint Conference,
the Mineralogical Society of Korea and the Petrological Society of Korea,
May 30-31, 2019, Chuncheon, Korea

ICP-MSE ©o] &3t AAAEAA S JEFAL &F 4 Al T3
Ba,Ce,Pro A3lE3 IJEFIAL X T AFA
A relationship between Ba,Ce,Pr oxides and chondrite—normalized REE patterns in REE

analysis from the geological samples by ICP—MS
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Change Your World
With Electron Microscope Solutions

Themis Z™TEM Talos F200™ TEM

* The Ultimate in optical performance, reproducibility e High resolution and high throughput STEM imaging
and flexibility e Fast, precise and quantitative 3D EDS analysis

e Low damage, high sensitivity imaging and analysis of e Dynamic and high resolution TEM imaging
materials in 2D, 3D and 4D with fast navigation

e Best atomic characterization

. . o ) * Remote control with environmental immunity
e Best environmental stability and in situ dynamic research

¢ Widest range of materials science research covered

in one tool
Helios G4™ DualBeam Apreo™ SEM

e Fastest and easiest preparation of highest quality samples ¢ Unique compound final lens delivers an exceptional
for HR S/TEM and APT resolution of 0.8nm at 1kV

e Extreme high resolution imaging with the most precise e Best resolution on tilted or topographic samples
contrast e Best performance on sensitive, insulating sample

e Access highest resolution, multi-scale and multi-modal e The widest range of charge mitigation strategies
subsurface and 3D information e Easiest sample handling and navigation

e Fast, accurate, and precise milling and deposition of
complex structures with critical dimensions of less than 10nm

A7)\ 2 A BETF FNE 145 XA HER 7| &2
AS 5% Tel. 031. 888. 9900 / www.fei.com



8« CAMECA The World Leader in Elemental
and Isotopic Microanalysis

IMS 1309-HR>

The New Generation lon Microprobe for
Path-breaking Advances in Geoscience

Successor of the internationally acclaimed IMS 1280-HR, the IMS 1300-HR®
addresses the growing demand for small scale, high resolution, in situ isotopic Mg isotope analysis, RF-plasma O source, <1.2 ym beam
measurements at high precision and productivity.

-
o

Advances & benefits:
1
* High brightness RF-plasma ion source greatly improving spatial resolution, [
reproducibility and throughput g 05 Mol } } i
* Automated sample loading system with motorized sample height adjustment, | & 4 il ylwlL iT&J‘L I
significantly increasing analysis precision, ease-of-use and productivity o H i LTW ITH Iﬂ
o UV-light microscope for enhanced optical image resolution (developed by | & *°Il I error bars:120
University of Wisconsin, USA) A :
qnd more! 15 E)t:er::;Ies:;r)%rt-::-.;;oﬁer;gd(llgil)ility ~0.17 permil (1SD)
The first IMS 1300-HR3 in Korea will be installed at Korea Basic Science 0 2 i 60 80 100

Run #

Institute (KBSI) Ochang center by end of September, 2019.

100 T
IMS 7F-GEO 74220,871; whole rock and glassy Mls
Mono-collection SIMS for Geoscience ! .
Laboratories

Combining the well-proven features of the IMS 7f with a specific detection system
including two Faraday cups and one Electron Multiplier, the IMS 7f-GEO is
specifically designed to perform high precision / high throughput measurements
in geological samples, i.e. stable isotopes, REE (Rare Earth Elements), trace
elements... It is also used for material sciences analyses and environmental studies.

—H#—MI-15a
—(+—MI-15b
—=—MI-15¢c

Normalized to bulk silicate Earth

1 | | | | | | | | | | | | | | | | | |
BaNblLa Ce Sr PrNd Zr Hf Sm EuGd Tb Dy Ho Y Er TmYb Lu

WWW.Cameca.Com AMETEK®

Contact in Korea: cameca-korea.info@ametek.com ¢« Phone: +82 31-888-5225 MATERIALS ANALYSIS DIVISION
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SMART ENERGY SOLUTION
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031.714.9440 / FAX. 031.714.6415 | admin@idaesan.com

TESCAN Integrated Mineral Analyzer

Granitic Rock : a) EDS Phase Map b) BSE image ¢) CL image
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Resolution : SE — 1.0nm @ 30keV
BSE — 2.0nm @ 30keV
Up to 4 EDS detectors (SDD)
Sample capacity: 100 Epoxy block
Sample exchange rate: 12 exchanges / hour
Fast and quantitative mineral analyses

Fully automated analyses
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Tel: 054)820-6990 Fax: 054)822-5467 E-mail: mskoreal986@naver.com

sI201M 33|
http://www.pskorea.or.kr

SHET FFA AT SUHE 1 SEUStL S1-38 1045
Tel: 043)261-3483 Fax: 043)263-3488 E-mail: office@pskorea,or kr






