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An experimental study on constant water flow for isotopic evolution of
meltwater from ice
Dayun Min*, Yalalt Nyamgerel, Hyejung Jung, Jeonghoon Lee
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Observation of carbon dioxide concentration in the atmosphere during fall
season in Baegnyong Cave, Natural Monument No. 260 of South Korea
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3529 oElEA srE FEHAAEY 48 2Eoke $4 Ho|7|k ot SRA|TE o] 3t F24
& E-tolal S A3lEE9] olAlsletA Fike Bisto] thgt AR ofsl= o] mIXIgE Aejolch. X 7
Adisty ATES FUE AL viote] &K Wig-5=9] tf7] olaksiekad] disl <F 34 67 €T HE A
T2 AT S Zito] Qobd, Hiel 7H2E olAlstetA 0] FATE THA(QF 333 ppmv)7t E9IH
U, 9 15 ARE QS| F49] sk FEet A, oid, Alof thefiis ohetdd 4= qIgith. o ¥ A
A& 3687120199 10€~119) 3AI7L M4 9] SHF7|2 91 F2HAF d7 184582 vige s
WEEZ9] 7M&E 27| olAstetA w9 2H 8 Rl tisto] Y- AFH o2 A5Gt WiE =]
7RE oJAtete A k= 330 ppmy ~ 970 ppmve] 9] WollA HE/do] & Mu7|(10¥ 11€~269)%
Ao g 2o HEAS Hol THY|(109 27¥~11¢¥ 1692 F351A R o]gt Ail= 71
d 52 U7] olAalsigtAal] ATt 7REE A 717t B9t AGH o2 WA HtE oL 3 AIY Bt &
AotA BE 5 U AARRITE A9k Bt 249 ofAlshekA FE 380 ~ 970 ppmve] HAE B
555 ppmvet 92 ppmve] EEHAE UEPHTE BHol $917] 52t S5 oAlsietA FE 330 ~ 540
ppmve] H9] oA Hat 393 ppmvet 37 ppmve] EEHARE Holn, ATiA o= Qg E42 H
k719t 357] Rt olAtslet A w& W3] AAF Atmo] tet AHEY EAATNE= Hubr]o] =2 4l
F2(99% ooz oA U= 19 F714d0] o, Fu7]o] 1Y F7140] fsts= E4S 2o
Zt}. o]9} 72 ojAkslet4 o] HMshufiEl L thofel 24 891 Hpeke] AT BAZAIE BEgig 9773}
Fou]gh AHEA (r2=0.62)8 BHoH, R0 dwst F 7]29] A o] olAlshekA o] FAo]
A AE]o] (Bt 6417 B ol HHS HojSQln) ol2feh HiEE Q-2 o] F5Ig UF7] Histo] wet A
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Cosmogenic isochron burial ages of Lower Colorado River
alluviums: Insights into stratigraphy and river evolution

Yeong Bae Seong'*, Ryan Crow?, Greg Balco?, Dong-Eun Kim*, Byong-Yong Yu®

'Department of Geography, Korea University, ybseong@korea.ac.kr
2US Geological Survey
3Berkeley Geochronology Center
4Department of Earth and Environmental Sciences, Tulane University
>AMS laboratory, Korea Institute of Science and Technology

Evolution of Colorado River has been a center of debate over the last decades among the
multiple disciplines of Geo-society, in particular relation to the timing and mode of initiation
of Grand Canyon and the uplift of Colorado Plateau. One of the key resources for the debate is
a series of alluviums including Bullhead, Santa Fe Railroad, Bat Cave, Topock, and Chemehuevi
which were assumed to be initiated from the Colorado Plateau and were deposited along the
Lower Colorado River. Despite their importance, however, the depositional timing of each
alluvium was poorly constrained because of a lack in reliable numerical dating tools which can
be applied to the time frame for the deposits. Most of the previous chronologic scholarships were
based on fossils of plants and animals, broadly suggesting their Pliocene to Pleistocene origin.
Here we document the cosmogenic '°Be-2°Al isochron burial ages of the four alluviums (Topock,
Bat Cave, Santa Fe Railroad, and Palo Verde) resting on the Lower Colorado River near Topock,
which constitute the key beds of Pliocene to Pleistocene stratigraphy in the region.

Age of each alluvium yields 2.02 + 0.24 Ma for Topock, 2.08 + 0.31 Ma for Bat Cave, 3.03 *
0.26 Ma for Palo Verde, and 4.25 + 0.69 Ma for Santa Fe Railroad, respectively. It is noteworthy all
ages are well bracketed between the two key stratigraphic units of Pliocene Bouse Formation (~5.3
Ma) and Late Quaternary alluviums ({100 ka), implying that the ages are reliable and consistent
well with published local stratigraphy. Furthermore, the chrono-stratigraphy the present study
set up well supports the theory of overflow origin (or aggradational piracy) of time transgressive

integration of the Tertiary extensional basins developed along the Lower Colorado River.
Acknowledgments: This research was supported by a grant (2017-MOIS31-006) from Research

and Development of Active fault of Korea Peninsula funded by Ministry of the Interior and Safety
(MOIS).
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SMEjzY ZLZA|Q sEF49| post-LGM (Last Glacial
Maximum) pCO, 7|5 S U 7|5 ti5} 201=119|
222tA|of cist nE
Reconstruction of the post-LGM (Last Glacial Maximum) pCO, record in the

Northwest Pacific Kuroshio Extension area and relationship to
climate parameters
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EAEEY L2ZAQ AL FEAQ R} Q0FAQ FHR9] 63'*— = A ¥ o= ofd, of
S, HolHi o] theet s YRS EARMT o] A|H9| 7|5 Halo]] mE sff & Woh= HAE Al 2
0]9] 825 & 24 Wizl 2% XA alkenone, Mg/Ca) E4, Q1HH 2 (coccolithophore) & 7]&
5 THFE A WS ol8oto] HarE HE Qlrk & Ao 559 B4 FHEA(!'B)E °ol8oto
opA e F o} ®sH] o] (post-LGM)9] 1% pH % §& pCO, 71&2 £t o5 7|& A7 2o=3
Tt SF Ta A ohE 715 H3t 871 Atofof] of| JBAA T A=A AH 1A} SHAH

A A= B4 585 58(G. ruber, G. sacculiter, G. bulloides, O. universa, N. pachyderma)@}

AMA 435 18(C. wuellerstorfi)®] §''B gro 23 e A4 pH, pCO, 71502 o]F0lA glow, 37
NEES BT FEZAIQ 20| AT BAEEF ARL7] 2 2199 NPGP1302-1B (32°16N, 158°
13'E; 2514 m 5°4]) Zoj 25 A5ttt

£4 27}, LIGM ¥ HS-1(Heinrich Stadial-1)2t Zo] E8t0] BAdo] 5713k Al7]0] #3 34 pHO
T4 71k pCO,2 FAT A4 Aol T35k et o= FAl of Age] sis=7t H7] 59 pCO,
£ &2 & e 870l T71IES AulRtt o] T LGMO] §43t pCO, S7h= % oFAloke] x5}
2 A f] A719 WA S Holw(Herzschuh, 2000), HS-1 A1719) S7F A3/dE %5}
i ofYzt FZAIQ 2] o] Holt f33% 7153 TS Helth LGMH HS-1& #5353
SO A 9] A3t HE-E& Hol= /‘] 7194 9 AZF 8= Younger Dryas®t S2A] A7]9] €& pCO,7t &
k= B2 UERH. o] @] Bid S71=2 A%t f71=9 A H &3 WA, AE5 85 A48
T RAAE Tefstr] fisted %ﬁ— AT A3t g 37} vishy AT ARIE FED a7t Sl & AN
+ ol FFARI Bl E o BEAEBY F2AIQ 99| sfgety Halet ol BE aRlE9 AT
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A study on the construction of statistical age-depth models for speleothems

M, At
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T ES Fihw A AUSAS B9l < 5% olHie] LIS 2= 7P At A AkEo] 7S
31718 7|1EEE F otHoltt By 52 AES HIRSt BE 17|¥ 7S ES AdAET YRSk
IFY EASHAHLE Qdf A&HR AYE 55t Aol oot whA] 9] AtolM= J2 g9 4
ARE ARESte] Al&Q] A 17t et A&AQl A E B2 = Al AR S 2/ggttt. ojnf &3] &
A dargjEe] A8 glon, S24E AFollA e StalAge, COPRA, MOD-AGE7F €] AREELL 9
o} 2eu Ag Aol 9ol B2 AthAtE ARl Bkl Al B4 EalElse] AR HE A3E A Est
A 7 Alzof tigt A% A4S HYoHA] Fotes BAIRE ERlokott. wekA 4 B4 daEEe 5
E43} Al dskE olsfstal A AR A &4 Bdo At daElEE A¥oks 7o) 22 A
O = sttt wabA] o] AtolA= FE ARl FEAAAE AR A4S Aol HE AR 4% EA
= 9T = A= Al A EEEe AY IS Aljbetarat ettt A, 52T A S OE &
A Az 7k Aol ek flsf 7|& F&ol AAE 10670 A5 AtiAtEE E-8oto] E W3t
+3(Type of growth rate changes, TGC)& 55ttt 11 A1} 52 EY] TGCE ARE WS ¢l
+ A3 K3 type), 54T AFE Wt FF(A type), FRA H3E ¥ 73(G type), FA715 ZFo}
= &4 44E WSt YD type) & EFEH, ZH L type 25%, A type 19%, G type 20%, D
type 36%= Aok ZIE B} 0|9 -2 TGC EAS HHYste B4 d1e&L mtotalr] ¢af A
Al A& gt FAE AR 7F ZFolE Flok= FM] H7Hconformity test AAISFAL, A
o7 A2 £9| AAEE L83 AT} tho] AEE ARERL A Afo]9] RpolE metsl= oS/ B7F
(predictability test)& 35ttt F B7t A= HAF-L2*HRoot mean square error, RMSE)E 7]
$O = H|WsIlom, o] gho] ¥E4E Fokdi} oj&A4do] w2 A EdS ofu|etth. 1543 Bl ofstH
L= TGCOl| gt COPRA At & 2] RMSE #to] A4 &3 W 0~0.4 Y Holl ZA|=]o] StalAge, MOD-
AGE®] H]sf Feldo] w2 A7E AP, 18y 54 B7F 2ot s COPRAE A typedt
D type?] 4% £ A9 BtYstA| ot on, F3Hd SHiet S TGC §tF FXkol ) L typed}t G
type AR E-S Afdsk=r| F2I3t A= Bt StalAged] $-84 27 A2 = W RMSE HY7F 24+
A type 0~0.8, D type= 0.1~0.89] djgsto] COPRAR.CH F-3H/do] WA|T o &4 H7lo] oJof Adixt=
M7t SE(AEA R 3 7 W 53 ol d)eh A% A WollA TGC B4 & Adsks 234E Hal
o}, o] AhR}= 7t FEoFA] LThH StalAge tH4Al MOD-AGEE A # 02 Aefsh 4= i, o A4 2
I Bt 528 E Y B0 A BA gEES Al 0|9 2 7S E8otd &

A G EEe] AHE S 4= AL A AR5 E42 wrgsto] A4 AdrdS AT 5 =
o= 7|t}

E
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On the cation-exchange mechanism of Na-birnessite

B, 271
Sujeong Park*, Kideok D. Kwon
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EY, Aok, oA BrEIoA FEH| AHEElE 7A-HUlAte| E(birnessite)2t 10A-FAlgto]E
(buserite)= Mn(IV)2} Mn(IIDZ ©]Fojz Mn02 FHASH $3be S Fol & 7HE £33 44
2 Q9 &2 ol ey 9 4Rt 58S 7Y B 28 ofugt thefet 349 A|tekst
2 8o F83% JTZ ofn, ol n&EA, wiE Y ¥= £4 B HYY AU R FEeg,
todorokite)?] oM AA| = o] &= 5 ThdRt 88 EofollA Tilo] =rt. oW AoflA= - T} 7]
Ho] A8} AlEd o] o]-&sto] Na HUAte| EoflA K = Cs* A abgof| A WA sk #3224 W
35 YA 20 & Ailsto] ol 1wt 7|3 7| A ATe} Bl w EA ST ALt A3 ~7A, ~10A
d-spacing®A+= &7+ Wofl 212 e85t 4 4=51%(monolayer hydrate)¥} 0% $=3}5(bilayer hydrate)
o] =t K Ei= Cs*o] 37t Na*E A1&std, Na*o] MnO, ZHAS £02 Ui K* E=
Cs*& 3% 7kt A E AAell, & o] 255 37 U 2 449 gol2o] E+F&lsHA Hig=|Sl
t}. 7-10A d-spacing Ate]oll4l= d-spacing®] AHH 0 & F451A F7FsHH, MnO, THAS +271 4
A RFE= AT}, E3F K E= Cs*o] NaHUIA|ELQ] Na*AH]E 100% A Al, HAS +27F 3A 9
FE|o] HYSH R E Z7] A= Na HUAL|E Bt} At A 0 2 W J7t ofo|2/& dhefo] Basiql
o}, ol T2 AT Mn(IDo] &Jgt 2 Astga A7 9171 tiZel, of¥l Algd|old k= &
o] WA & T Bigke} tlEo] ABehY BhE- ke BRHET= A QJulgitt. o] A= AdTe
E AF57] ofHe o2 u et ¥ A 7 oA WSt ol & BAL 9 BE X B WAE
Trgste] siA ey B olu EA=Y] g4 stk W3t ofsfof| A4 7] AL & 7 tHrt
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Adsorption of cesium to todoroklte. Where are cesium on the surface?

Ytz A7
Hansol Kim*, Kideok D. Kwon
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TA S0 AV Ale-1379 FsF 2 A7 SItt 2 9 A7 EEotA o]FoiA 1 9l
. 59], AEFEY Fgol W2 Eokoﬂ/ﬂ AR 2 FEo] AlgE 7ot 14st= 90| 385
CARFZI 2 B2 tigt Alsg 718 979 S840 thFEdth 22 Al FHAE Al oJst
, EX 27}0|E(todorokite)7} /\ﬂ-goﬂ 5t 1452 o] HY|#o]|E(birnesstie) HTF =11, %&L o3y
(adsorption isotherm)¥} extended x-ray absorption fine structureS ©]-&5to] 2709] g2+ YA (multi-
site adsorption)] outer-sphere surface complexs @AJgtchal Aokt vt Qltt. T3u, A77]& 7t
o] 383} geochemical transport modeling®l| 31°1A] &zt F2F Y X|¢} surface complex 3}3F&-2 of
A7HA] AP 0= g E o] O]Z] ot} ol Ao A= A 5 8Hmolecular dynamics, MD) /\]E‘j’ﬂo]}ﬂ
= &9 EXE7I0|EQ AlgE2t 7142 8 5taA} gt Aol 4R7 = FEof 3ol 9 4
HAofA AEA L 3 Xc}% ARESte], EEX 2710l E B Wil =315 (010) E (100) FHO] Aol
TFAHOE of AASHA 9JA]of ofH TR E FAE=A] A £ AHE I HAMH 7= A
21 AAoll= S et FahAQl A B of 2} A|3kekd A HIF @ FE7] wizo] o 7|2 A+Ax}
7F A 20 gt Bk ARt 2|55 glo|H & Al gol=t] 2A 71T 4= k& Aol 7]thgi.
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Mineralogy and geochemistry of Asian dust

Gi Young Jeong

Department of Earth and Environmental Sciences, Andong National University, jearth@anu.ac.kr

Mineralogical and geochemical data are essential for estimating the effects of long-range
transport of Asian dust on the atmosphere, biosphere, cryosphere, and pedosphere. However,
consistent long-term data sets of dust samples are rare. This study analyzed dust samples
collected during Asian dust events since 2005 on the Korean Peninsula, and compares them to
soil samples from the Mongolian Gobi Desert, a major source of Asian dust. The mineralogical
and geochemical characteristics of Asian dust were consistent with those of fine source soils in
general. In dust, clay minerals were most abundant, followed by quartz, plagioclase, K-feldspar,
calcite, and gypsum. The trace element contents were influenced by mixing of dust with polluted
air and fractionation of rare earth elements. Time-series analyses of the geochemical data
of dust, combined with satellite remote sensing images, showed a significant increase of Ca
content in the dust crossing the Chinese Loess Plateau and the sandy deserts of northern China.
Calcareous sediments in the sandy deserts and pedogenic calcite-rich loess are probable sources
of additional Ca. Dust-laden air migrating toward Korea mixes with polluted air over East
Asia. Gypsum, a minor mineral in source soils, was formed by the reaction between calcite and
pollutants. This study provides not only the representative properties of Asian dust, but also their

variation according to the migration path, fractionation, and atmospheric reactions.
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Mg isotope fractionation of aragonite

s I
Sangbo Son*, Kideok D. Kwon
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A (growth line)o] TS AEE([C) olujsi F(bivalves) Y AFS F(corals)]®] =24 (skeleton)S +
gsh= ofgtalttol E(biogenic aragonite, CaCO5)0ll Z3HE Mg?*9] 5=} QHY 59U vl &2 744 o
E0] BAANA FA(water system) &< A&5H7] 218 ZEA|(proxy)ZH 5 AHE-HT ofgfalto|E
o g8 Mg?7H AlEE 52 T2A|Z S-857] AoAl= Mg?t] stelgol| w2 20| QP4 9 Mg ¢t
e Aga 28 o] gl o|si7t HtEA] B @ sitt. o] Ao A= ALRFESHY 3 FoRQl YRt gto]

o

22 /|0 Bt AEWTFIE WHS AHglel ofkito]E R Mg SF3EL UL 1]
WA F32 BEE S5ick Mgrh F9E ofekio] = T2 Mg K-edge §4 AMEY 1211 Mg 44

O
FOIRA RUASE AN 23, 7|2 AY AnET FAT A% 27] QAL ofetantelE A4 )
3 Mg?*] S5 SHl94E 7hAok Stk AL A4S0 TR ol AW R AT Auke v}
72 BEAZ A 91 WA o] & Az 28 & Y
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On the structures of tunnel cations and water molecules in todorokite

Az, Al
Juhyeok Kim*, Kideok D. Kwon
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EL 270 E(todorokite)= A4 St A= ARBHE7HY X%L%(manganese oxide mineral)
2 69%x69 A9 AHHoz T YgSE 7K1 9t o] g & BA Mg?t o] HIES o
Ut FolE T & UoH, AAH R ngas W FEEL —i—ﬁ** A= 248 gttt o
F ATE0lA= ol SAA 2 HiEE] 5o8A EXRV|ES A6t et Y= Ui ol
O] YA 22 712491 FH 2A; ob2A] 2 Bre A A] gttt 7Y ti Al HE Fol22] f|X]of tisiA = A
A} FAAS ALt =4 Foltt. o AtollA= dAF oA o|E4 AHE AlTStaAF Tkt
FolEZ ARt ELRIIOIE R Fol2 X & BAF 125 FH5t] Aol AEAEEH classical
molecular dynamics, MD) AlE#0]A-& St YT A5 28-S HAFSH] oA 2 2] AF
Aol A 7EE Aslg7iu 2 31 9 HHforce fields ARSIl Y= W & o] W& et &
ol &(Mg?*, Ni**, Zn?*, Ca?*, Na*, K*, Cs")] ¥j2]¢} & 24 WiE-& B4t A7 olvA] Ad5(free
energy perturbation) 0] && AR&sto] Ylog=o] Eo| A4UE off Q== intercalation energys A4t
sto] M9 & g2 €2 4 Ao, A & FollA 2429 ol AE EA ot AH AT} H]
WSt E3F TRt Fol2o] oA EAT B, Fol9] YAV o2 EAT -2k Aol At
£ UHEst HE Ui ok o]0 BT 20 thste] EO jitt,
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Atomistic insights into the dehydration process of chalcophanite mineral group

B0 2, 27|

Suyeon Han'-2* Kideok D. Kwon'

1Ztelciatm X| &5t evadall2000@gmail.com
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BAHS M99 A|sk-A 1 AN A Eo] T = S ARRE
FHshe WS S35 &4GE0Ith F4 Folo et £ g2EL )
2 BT AR WA (vacancy)©ll 2§ 52 F2A5Kstructural charge)oll 7115k A& deiA
U S4F ASPIRES W2 AR AP R AREEY] g, Advto g2 fod
U gHQl AR} ST U 5012 T2 712 BAE 7)ol Algto] Qlct. olH
7t & St ol FR7F SAY ARIYEEY] AT} o]2-& s AR A=
SHAA A ARBPYEFEQl ZAFuuolE BE(chalcophanite group)]

g o
4 X
tlo 2 of
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H-gof| tjgt ExHsst Al Ed o] A(molecular dynamics simulation, MD)& $33}itt. Z-FujLbo]E
[ZnMn;0,_3H,019] YZANi*)z} v} 1u|s(Mg?*) ©5-9] olyyZzto] E(ernienickelite)2} Aol E
(jianshuiite), 123 FZHMn?**) T2 Z#(Ca?") o2 A3 2 o e tisto] 571 Tgo] i 4
Apgo] ke AARIt). d2]1 Ao A7] ofgf guhg B8t HAoks 57 W B AR ol
o] & WstE W7 4= Sl A BHE 24 Z3E AARI. o AlEg oA dte HEAAH
FlEE As oS E ARPIRES 83 folies Alof 7l ol tigt A 29 FERE A4S

Azt
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Atomic structures of Pb and Zn-bearing silicate melts

O|MY* oM
Seoyoung Lee*, Sung Keun Lee

AECHatn X[ 722tZaf5HE 2seo0@snu.ac.kr

AAA 3Hd 0NN mgdAe 27845} A Woll jIZsHA FelEof niimt XI5k 3w
= AAAE AREET ofA(Zn)T H(Ph)2 HLES 2 PFUAE thdRt Ad oA 7HHAC] &
v S/dof wt A5 W5 opeket 27] A 5-9] 3k olsie AntelE Alsgtt AN BRIk A
Zn, Pb2] &l Aol 22 AX AR AL ulante] 24, 2ot 4 5 Wl wet HL-E 53] &8
A -z WSt T JFE v Ao I A 9t} I3y Zn S Pb7t 3 AT 8-8Ao ot A}
ARt 2 A= obd] BE55H &84 UollAQ] = YAl 24 A k3t Fes] WA A] ottt ot
Pbe] ¢ PbO-SiO, o AAONA 40t Zo] FRE FAThe |20 5ok A2=E Y F o (Lee
and Kim, 2015) PbO-Na,0-SiO, 4FaA A= 24 whe} o] Hslsh= A0 & SQlF o]=et &
Aof| W2 v F A ARG O] ¥R} 31 WSk 14N ARF7| T (solid-state nuclear magnetic resonance,
NMR) 3848 5o o] A+t 24 NMR 238242 A5 Yo £ 94 F419] ¥ 3+
= AFA0R HolF7] gl Hgd A9 2 Ao fesitt & AFolAs A2 BE AL
g0 A7) ¥4 Zn0-Na,0-510, ZPbO-Na,0-Si0,14 X, & Xppo (X,10=MO/IMO+Na,0],
M=Zn, Pb) H-&Z H3}A7]% §4dst9om, 170 9 29Si NMR £354-& 3519t

At FH 97 4E BolF= 170 NMR £3484 Z3k= Zn, Pb7t 230 H[84 Na-4td 9] 92
Lo} FAME HIFE Aot oH, 7 n|Feal] &84 oA 24 Hd2 FEotth AHEA
Zn0O-Na,0-Si0, v AoA= A2 AA(Si-O-S)2t HIE Abax(Na-O-Si, Zn-0-Si, [Na, Zn]-O-S)<]
U3} gHo] Hejx]o] Yeptor 7n9 ol et Na-O-Si ¥t 20| w2 A Z4stH A S8 (mixed)
[Na, Zn]-O-Si $750] ZI= It} o] Zno°] Na®} H|SolA| +-% Wt o] 20 & F53hS A Aot hd
AF917 PbO-Na,0-Si0, A Zo)A Pbe &3t [Na, Pb]-0-Si 843} A2 A4 831 Pb-O-Pb7t &7
SRIEQIE. o]2(3t Ad AT v o R & AFoA= ol U 149 HlE Apojet RS 7SR 7}
|FLA9] 724 ggt 9 Fol2 719] Z8H(intermixing)EAE AY3tALh 2°Si NMRS 49 2%t

AA A0 Bl &S HolFed), 7 w4 At ] tiet AlEEold S Bl 9 FEAA LS Halrt
Ut Zn &2 Pb7t 23HE Hdl AR -G5A 0l et A2 = T 0] k= eA0] Ful A9t
F2 AA ARl B/ Wste] 24AQl 71do] "ok 2 AT Ak AAA 3 oA Zn T RIFHAY]

B2 AFAE /1% A7E B8 202 J|Eh

=]

oW e

S

)
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Hydrogen environments in quasicrystals probed by high-resolution TH MAS NMR

AT ZsQll ojakst23, ZxHg? old= 4
Jin Jung Kweon'*, Hyo-Im Kim', Sang-Hwa Lee?3, Jaeyong Kim?2, Sung Keun Lee'*
IM2cffstn X[ 22tZnfsHE, jikweon@snu.ac.kr
25trhstm Eafstat & ot MIE]
3PIR AR ZYA-SLALSEITE
‘M2rstn S84

—"rt{H AAp 2T T iﬂgl 2% EA
= ol7] fI8l FSa5lth. & Ao A wEA HE
S ook 7 og A2 274 Al tig $4('H) AR 8 E(NMR) AHE S B astaat gick. 4
A T 2EH/M) 182 05014 1.82 MSNAN D& Ti, Zr,Niy, 244 AR 8z 2y Afed
< a7t A siteo] 2AFTE Ae YEth AHER Q] 8 w79 A= 4 FF (H/MY 571
off w2t -21 ppmeflA -26 ppm o] oA S ﬂJriFfri AP o7 o]Fgict H/Mel e 13 914
% AHE-YO] Hohs 4 57 571wt S 4 FHY S5 A4t ZiollA Tidt Niz Hatst
I 4 o] SRR wht Aot 5 4] Ao ARgol S7FE o AleE UERHY: -21 ppm A9
A Wgkeh= W= Zr/Ti a4 YAt A o= oFstA Zstal Sl 4ol sttt 2% Aol
A ABER O] MEFo] Folee Are 74 Y39 siFshe ¢4t 2540l e 22 YL Qi 20
kHz oo = HE&S ‘ﬂ}e A 3-8k Z9ofl YR Q= -26 ppm 249 $7F4 Q1 I 3= Ni/Ti o &
o} 7H7tole] EolQlE 4] sigotal Qlrt. Egt 2 A Adbs o 4 AT ZHEEHES A

51l 2279 0 716} e A B0 Sk TS AT - G A A5 HE ol
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Evolution of Intermediate-Range Structural Order in Silicate Melts in
Earth’s Mantle

old2
Sung Keun Lee

MECfetn X|etHTFSHE, sungklee@snu.ac.kr

AT Ui WS negol A EAIE HIE A 88Ale LWTEY 2 A FECIY 1719014 9 S8 AlIM =
AEA &2 =53 AAnetwork) 2S5 7HAIL YFUTh ILdolA v 884 A9 A8 Eshe ASH o2 ol

range structure)?] YATE WSIZ F& 7|&5IASYTHI, 21 T3y, vpante] E4& ATt chakst ATt Akt
29 AT AT} AR MEY] AMne] £t #EE B3 JEES FHoH, vtante] sk ot A4
T, 123 g3 (elastic constant) 52 M2 A2 A2|9] A9 JETO 2= Al 2 A 4 glon, &
A w9 28 dolAs FXAE B9 AR A H(intermediate-range structure)’t 4 H3t0l| a3 9T
< T 02 FAFEAFYCE Ty, iFES] HE QA AFYHE] F2 F2 A 999 R EstF o] 9]
o], 37tA 2 &9l v%g A npante] YRR E A A Aot ks A2 WHEY] FA & A HLats} Hofgto] of
Y, ddiatste] ghefok & WA F shuE ot Qlssyth

HRALY] AT A= Thget B4 YAt $419 YRR E i che TR 3E 28 (NMR)T HIEA x-
A ARHIXIEE ol-8ote, utaut 88419 S8 DoAY A% 124 AAE oGS 2 UIof|A
+ 27 Hd 9971 HINMR)TH 1605 719(IXS)9] =3t 1% 34 512 8849 GAI7E F2-Zo] TelollA] Histoh=
FES H2Z 188 AFEAHES ARSI, 4. AAETE2 B5F vtavt 88419 1UEst ol 7 &2 &
o] 7t9] F7AE] T9jolA9] L334 Hstet o] U AT E3], ko] 371l whet 884 AAT &
2 A1) A7 wjge] ¥z} Qo= F7F TRlollA B w5 dol2 £ gol9] I Bt ddides
o] FUHA 2=, F2912Q1 Wi go] EZg Yt o] 3t E3tekAte] WstZ RE 1T olA 8-§A419 F2F <
EZN7} F7tote AE BASHlEUTHAL E3 Aol ke SxHo] ©919 24 Hgpr} & EZ1F7H9 o
£ol £8A9 £ & v TaA7|e R Agchs AS FstisUTt wekA bl o S0ele 1Y
TR REH WE 849 A Al vgdAQl HskE AT 4= syt

1o

ﬂ"

(1) Lee, SK., Mosenfelder, J., Park, S.Y., Lee, A. and Asimow, P., 2020, PNAS, in press.

(2) Lee, SK., Mun, K.Y, Kim, Y.H., Lhee, J.H., Okuchi, T. and Lin, J.F., 2020, J. Phys. Chem. Letts., 11 2917.
(3) Lee, SK., Kim, Y.H., Kim, H.I, Chow, P., Xiao, Y. and Shen, G., 2019, Phys. Rev. Letts., 123 235701.

(4) Lee, SK., Lee, A.C. and Kweon, J.J., 2020, under review.
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Gold mineralization of Phayaung Taung, Patheingyi
Township, Mandalay Division, Myanmar

Naing Aung Khant* Chungwan Lim

Department of Earth Science Education, Kongju National University, naingaungkhantgeology@gmail.com

Myanmar is endowed with a diverse array of metallic and nonmetallic mineral deposits, a
number of which have recently been developed as world-class mines. Tagaung Taung deposit
north of Mandalay is a resource approximately 40 km from Mandalay City. The Phayaung Taung
gold deposit from the Slate Belt is hosted in phyllite, schist, and quartzite. Mineralization is
associated with the stockwork quartz vein system. Wall-rock silicic alteration by cryptocrystalline
quartz or amorphous silica is dominant. Phyllic alteration is characterized by sericite, quartz,
chlorite, and pyrite with disseminated hematite. Gold occurs in tourmaline-quartz and sulfide-
bearing quartz veins. It is associated with pyrite and chalcopyrite as well as Au-Ag-Bi-Te ore
assemblages of petzite, hessite, and tellurobismuth. The Phayaung Taung gold deposit shows
typical mesothermal characteristics. Scanning electron microscopy with energy-dispersive X-ray
analyses revealed the average gold content of electrum grains, i.e., 75.1 wt% Au, with grain sizes
ranging from 3 to 40 pm. Moreover, secondary native gold grains were formed with hematite
and iron oxides in secondary remobilized/deformed veins at strongly brecciated/oxidized zones.
The association between gold and altered sulfides suggests that gold was refractory in sulfides.
It can be considered that supergene oxidation extended to deep mineralization veins. Such gold
grains had the highest Au content, and are often in almost pure condition. This study discussed
the geology, geochemistry, and mineralogy of the Phayaung Taung gold mine in Myanmar. New
minerals were identified in the samples obtained from the study area, which were subjected to

multiple analyses to determine their properties and understand the relationships between them.
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The geochemical reserach of Precambrian metamorphic
rocks in the Yeongnam massif area, South Korea

Cheolhong Kim*, Chungwan Lim

Department of Earth Science Education, Kongju National University, chehong@naver.com

Carbon isotope thermometry between calcite and graphite has been applied to Precambrian
granulite facies marbles in the Northeast Yeongnam massif, Gyeongbuk Province Korea. 11 pairs
of calcite-graphite samples indicate the peak metamorphic temperature of 752 + 53C which well
matches with the temperature estimated with a petrological study by other researchers. Graphite
from this study mainly shows highly lustrous coarse grains and fine crystalline graphite crystals
on coarse grains. Thus it well presents the peak metamorphic temperature. Fine graphite crystals
on coarse graphite grains are possibly originated from the later stage overgrowth but their high
lustrousness may represent prograde metamorphism after formation, which is related to later
igneous activity which is related to the Jurassic granite intrusion and near the granite the highest
temperature, 835C, was obtained. With almost no shift in ¢ '*C and only locally shifted § %0 in the
calcite samples of the study area, CO,-depleted fluid may have affected the marble at the last stage
of metamorphism by the Jurassic granite intrusion. The ¢ !3C and ¢ '80 values of the calcite in the
study area show relatively higher values than other Precambrian calcite. It would be interesting to
compare the C-O isotope values with those from the Cathaysia Craton of the South China Block

which is believed to be correlated to Yeongnam massif.
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Seismogenesis in granite of brittle-ductile transition regime

UxhE* o|xIst
Jae Hoon Kim*, Jin-Han Ree

eichstm X|28tZnfetat apokjih@naver.com

2
S

J-A

R4

o_>.:

g Aoldi= AZte] Mol 4 Wy JAolA 94 P FH2= Hojse= A Foldt. H
-3 WY %iol“ﬂoﬂt 542l A 28 sh= EH—;—EQl A7 Z23pL glor A A o= H4
&, A7 (interseismic period)ol= AJHFE sh= A2 AHA Atk /G- Aol A9

oft

4 ABOl o175 Uil AE B Belel B ol YA, A2 Ao
AT P, ARG B, BEE- FHS 7T U 94 AUTR GRA oA F4
599 B Slon] 3 Aglel BE i oF 35005 Lo et Ao SR 5AR B
150 o] S714E RS oo s HolHo e WsAe e w zopgho 2] Ha}
e st AT el AL 9] Ego] ofa] Tel3 AL Thdol ofs) s sl
SAS w ZQHSRE A9, - Hﬂ%ﬂ- 293 S40E TAE A2y ARl Ad, o, %
4 718 730l SIKk, SHlelo] L Sl 2SRl PIASE AR Bes Fofct
7t Qraferst 24 AlololAl oldl %aia Bole}, AAerolA Lehk S mm - 4 cm) 4]
£ o e Ao AmIAL olEWsIA Uehgom, ARelA: okere) Y g ket
SR A 220 k) skt A1, 44, 2 T kA 714 FAEe] glek 2ekgekn
Ajmo] 7] Mol BATE SEHG pm)S AL H3 Yglon BYAHT I wrj PR B9
o}, otz i 4lo] B-8RRE w2 Alom B AT theba] Sl Haus A2y SUA
WS SEetdeolE R AAEt A sl Srekdetol s YAE Fol HAUA F17HE
AAugo] AFElo] A 2ekaorow Hshel Ao HAjH

rOll 1

£ & 18 (E ox
ol

4o

18 ChEtxIEsts| M755 F7153| A 2020 FARIEtetolgtatars|



10.27.%-29.% TEX|ES 3 X|H| 7S

HSHIRIS) Mg ZsHs 2015 olRiZ stfeiof] et
aejcixo| of

OO L.-.O
Factors controlling the color of fault gouges: an example from the Geumwang

Fault, South Korea

urEelr, 2R, OfxIt
Chowon Park*, Jae-Hoon Kim, Jin-Han Ree

2{CHEHm X|28tZ nfekaf, pew0219@korea.ac kr

durA o2 ThFu|R| o] MZ2 /g AR A A710] s AAE T A Sk FhE JAIE 5t
delof FER S9ESolA FEEE ol 9 SSHIAE FARE RS EUolA ZIdsk sl &
S TR A W3 Uik FHEEL SRt SHRAIN FFEAE At oA wgd 2
B FYOIFUBOR, WAL SRl ST FYUSE A Sl4e] PRI} T Al B
ol 4512 9k LA 515k o1 Re) ek FAVE o 0 i, 30 m FAS ST 60 m FAL
AT ST glon, Ee o 0.6 m TS WY T 2928 m FAY T3 Aoz 14

o} Qick. TS B3 Zriere] Roli % mmollH 2 mel S8k chafst TS Tl A7k 2074 of
A FRE|D], M, QB4 S, S0 w3 Qick, TN BulAE Ao, g, e, e, 514,
51 Azt Yol E, 4%, 534, SU0R FHH 71AR ool Sk, Fal vl Hed
v X9} =5t BEZ FLAE 0] 9oLt 5 stefo] At Sl thEH[R| = A9, AA] Wl His|A Hle-
A izt defolE9h 4o o2 T4 71U o]RolA glor], R34 TEulE S4) thEul At G AR
2 24 Ko} HUjAo] Bk FAHAAFL o] §oto] hFHIAS BT AT} RE TR
£ 719 593 2719] A2 F450] 5] ge] Aol B BEuI49) 4 ol 745
Sl AR o5 AYE 202 2L 53] ol Fe MY tFHIAL TA Fepo| LoldE ol
woll 23 o] FSH|AE S0l ol of 72 AlE e Aoz AAE, o] 5 X
Al = SPEniek sPdtel B2 B2 o2 RE FAHNE AR FAH. 7|EA7 =
40 o=
2

ol

_4

>.

0% olye] I2RE A 4 9] o] 414 v1EY S BASR: vhEge] 400% ol
2TE QYRS R5e] ek FOE F74HS lE B D BAS AAlsle] BFUAY ThoF
83} FYE2] A AF34e] BAo] chef A3 A7 ool

(19, o 1:13_“, A = [‘I
>“E oH‘[
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Study on the plastic deformation of olivine and amphibole in amphibole
peridotites from the Aheim, Norway

BT, My
Sejin Jung*, Haemyeong Jung

MECHet X|22HZ Bt XA A= S 282174, shazabi7@snu.ac.kr

FEE9] AAA S (Lattice Preferred Orientation: LPO)2 9+4]9] X x1u} vl 5Hdo|u 84 5-&
Aokt 83 J2 Tt of¥l Ao = =0l 5k Aol ATt 24 A At AEA
q 74 WY R E AFsto], 2AREO 23] wE nAlE2] W3l = olshsta ATt 7+
A9 My w|AYSE SIstAL sttt 2 o] 251 (Aheim) A F-2 Western gneiss region (WGR)
9] X2 Scandian FARFOl| 9J5to] 420-400 Maoll 2119} H32-8-& wolth. 1% 400-380 Madl &
Ak

b0l AE 871 &= Oﬂ 7S] WARES WAL ol IHUE RAIS] RYUE Qlote] Zh4
A Qo FEMAEYT 9519) 2444 TSRS 90% ol4fo] o R ool AT vjgYER
/\}HPH A =UA Andl 3o =9 15kely Qlom UE AlFoA HEEAF o7 ZH Aol 50%

23kE ZO] Y AT 44449 nARE E4617] Yote] EBSD (Electron backscattered
diffraction}& AH&3 W8S 2PFstA L, AHA WY A9 nAlt2e] SHAE g5t fIsto] TEMZ
& A APstoinh. A9 vAlfRe] tigt 24 Ant A=A ol AHT M9 vAFER7E 8
712 FollA THE01Zl RS FRIsHIT. oA & L= oPE Ao tigk EBSD i 4 A,
OFFAIHE sk A9l (001)100] €BAE 21 e A2 gelsialth. ol=gt (001)[100] €8 A=
7] I Sl FARA A= o] ghEolZl ACE & 4= vy TEM<S &-85to] ehaS wast 43
(010)[100] €€AY A7}t 7P Hol Uehvh= Zo] =31,
B

9L, o= §7] 34 Fo] A4S WPz v
Sol7l 702 S4E 4 Slek. ZHdAo] e EBSD T 24 A} 24014 (100[001) SRAYE ¥
Atz B4} EI9lE, 2949 LPOS BELHE 34 7|ofe 575 B & ik
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Deformation fabrics of phllite from Geumseongri Formation, Gunsan:
Implications for seismic anisotropy

B, ol

()

Seokyoung Han* Haemyeong Jung

AlEChetul X7 etEpstE A7 EE2 (st 74, hsO41li@snu.ackr

CRF= MA@ dSAZE olF = 8 BE FolA XXt vl5Hdo] Aot FEtol &3t
53] 20-40% ool LEFE TAE dA Y B AT Bl A=y A o] EF Hidol 2
| Y= H=the ARo] YA Ut 1 EE tiE A Zo)A] Yl A X0} Bl ¢9lE WUl
oM SHF7F o 23 HAof gt A7t BaAolr) £ AtolAs A& T4 A9 4
2 o|F = -4 M-S iAo 2 FE-SEM/EBSD (Electron Backscattered Diffraction) 71715
Argoto] AYGEC] ARFA SR (lattice preferred orientation, LPO)& S5t} o] AtollA] &4
5709 Mt AlEe R Wen, A, A, YA D Ao 521, W64, e A 0 & o]FofA
Uk, FEF F=0 AwH]o] mhE A B[54 Y] EAT Ak WekE metel] 95 vt &1 24
H1E 714 Al &5 W38 (mapping) 71 AHE-0ke] BAI5H3IH T3 M-indexE AlAtste] F&2] LPOY] %
Lo} A u} v A WAE RAFSHIA SHiTt. B4 A, @R 0] A9 tiFE [001150] dEol 2]
O = ZFotA vjg =], [100153 [010150] Aefoll oA HA= ATt =14 HA| B} H|S=3t Hj
S Hololth g9 A< (0001)HE] SHpole)S] 2= basal, thomb, prism £84(slip system)}&
T2 Holn 2619 A89] 3$ 1A} EHl(crossed girdle) BEIE HoFch 2449 49 thF-£2] A5
A (001)HY] =o] Felofl =2 & viFE A, (010)He] Fo] FEofl £ o= vjF == A o] TAE I
7349 LPO Hlo[HE v o R, 7 FET} JRH|E 29 7 Al A9 Ad&(whole rock)ell gt 2| %1u}
H5HA3E AAlel Tt 99 49 Pot vl5 4 (AVp)ol 2.8-7.1%, o Su} B-5H4J(AVs)e] 3.5-9.8%
2 AR ) on, 2749] 39 AVpZE 1.2-15.6%, 2| AVs7t 1.3-24.8%2 AAFE Qict wha, 9e-1.0] 73
% AVp7} 43.4-51.1%, |l AVs7t 41.9-59.1%= A=l U A Q] 49 AVp7} 21.4-29.4%, 2|} AVs7t
34.9-56.8%& AktE|o] ThE FET H I FHE I ol & $AE ot FE ARHE wgste] A
o] 235} v 5H/3S ALk A3t AVpZt 9.0-21.7%, 2|t AVs7t9.6-24.2%= FA A= T A+ 2t
£ B0l SEFY 2|2 vl A7 A XIn} Bl S Q) et thA Aol AA S v e A gl
> ASITh ¥H, g 244 9] A9 Rl H|s) AR SRl A5t HESE A gom, A X0} vlE
W39l w7t oFstA vrebeth 1 A}, Aol gt Akt A g3t A o] JEu7) 2Z4E H5 T
O] =7t oFsf AN, R 7O A7 =255 v A= tiA o] AeidE & o A
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Crystal preferred orientation of amphibole at high pressure found in
deformation experiment of amphibolite

A&Est, Fall™
Junha Kim* Haemyeong Jung

ME2cletn X|PetH R XM AZ2E(81 24 ratorial00T@snu.ac.kr

ZHA Y5 2449 Atk i‘s‘zoﬁo‘t Aol A TkE= A7t v 5ol sl & B
ARl 5 sffolnt. 7129 A= A 49] AR SHFL 4714 EQJoR %i—%ﬂ%igwl, 1 % type
-2 F8E A7 g2 1%91 A A5 Bl 2 =t Qlek. ohARE
734 AR SHEH(100] Fo] Ao FAHA A RS deje)2 Ad
Y8 247} A AUk A HE glet. whEbA] off Aol A= ¢E 0.5 GPa, 2% 500-700C 24
NA Y ATHF LTS FH5) type IV 244 ARSI A 243 990 d6taAt shie

u o

W, P Z40) AR5 AMed] o 2R AEE At HlSHE S ARSI Type IV 2
A AR TS e B (high shear strain, 7 ) 3,004 HHE W Z4gtol 4 Ba= o,
ol Thaet 24 AwE 744 Z4iale] Sl ofs) AAEITH1). Type IV A SHFe] AL T2
E1Qle] AX A THEe] ZH40] H]s) AR W Ao WSS RolFelt Hetd, Tagd 24y
4] type IV AR 50 98] UEhe We A2lnh v S-S SRR\ 704 B ok A|2l5} v]
P ERSL L

(1) Kim, J. and Jung, H., 2019, New crystal preferred orientation of amphibole experimentally found
in simple shear. Geophysical Research Letters, 46, https://doi.org/10.1029/2019GL085189.
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Characteristics of fracture-controlled dykes and fault reactivation in
Chungun-dong, Gyeongju city
OIS, 2412
Jinhyun Lee'*, Young-Seog Kim'-2
125t x| 25+ 25t u) X AR e 0174, godgocog0@gmai/.com
ZgI-A-M:}z 3l X| Iz XK 2od A
UL Ak o 2 g3 o] SARE HRFo R SR HA HYRTh WO WYL SHHEE A

=

otk 359 F83F = (conduit) 5}“1 AAFZ S 2 E A F9 Pl 583 AT gt
A} 39 A W O] AUl QJaf o7 B Te = Tt FUE AW AR R
2 HE Qlek, w2 7)o It EALHE wet Blohs 53 B (passive injection)2t PRI F
ol o3t A3 t’r?:](forceful injection) 0.2 -5 E 4= 9t} 53 :Qlo] EAL Jix o] 7|5}
£ 7|9t Heehs 9 9 9% 5 22 24 EAS0 o A= 7]Eo] dEtt ddS IS
A TFot7] wizol 7]&o] ©ho] o] EA stk o] mfo] Es B ARt Hefs 7H
Atk AFA DGR AAEL FFA Ais AF2 3PF(55.840.3 Ma; Concordia age) 78I 0.2 5}
of o]& ot Gl= 1EA YW} A47] AF5S gt G4FEo| st 015} T 719} S A
Qra AT} GG Ao|9] AIHAE AESIA. A HA 22 dHoA= n7o] so] T

= A7-0] ©A(118°/35%) Wbk = At F]lo] yaE):. E5t XVU %%:% TEkAE AU
WS AAotes Agddy} ot dso] it Adug £53 AAoks GEEL dUFAE FHL

2 g U 9 7]ste] M7} 3= o] o] o] 7|9kt Wiofl A H8hA B4 H(mechanical
discontinuity) .2 -85t Atg sjAEct 12jug o] 119] o|Fo Mekthtgo] vigst A0 7 Fj4]
Hrot F WA 22 G A= 021°/74° AAIE 71 Bl EEtt @S ool dgths 12hE 2=
AE0] e £ro} o] WRks wheh QJH AulS Fof 4 T oA ofw] ©Fo] Wkl Sl
< F4T 5 Atk B3 5F Bl SR WA 2 AL 715t ol FAE o, o &
A&, AP B3] FYEL AT A oA & E T d I o] Fof| 153 dHIAQ]o] AU A|AIgH
o}, o]Ejt FEEo] Tt o] % nj1F E|FFo] EFEL o]F o5 REE Adhel= AT 50| gel
g} &, AFA G| A 9] FRHUPAR= G o]H9] 9 E 525 - 9 B -) A4719 FF A
Yo = A Hr.
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Geological and structural features in the Middle Miocene Yeonghae Basin and

Yeongdeok-Uljin extension of the Yangsan Fault zone, South Korea, and their
tectonic implication

HRE o|MY, ZB3H, sty OJEZE 5|, ZallTl & 2

Min-Cheol Kim* Son Kap Lee, Hee-Cheol Kang, Sangmln Ha, Seongjun Lee,
Jong-Won Han, Hyejin Kang, Moon Son

BAstn X[ &2tz afstnf ARX|ESIAAA igumany@pusan.ac.kr
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oL BAS] HARS BB YA BRE 2] Yuson 7374154% YRR 24T BT 2Pl TR EA HAS
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Freeze-induced Mn(ll) precipitation in solutions
containing dissolved carbonates

Younghoon Won*, Jisu Lee, Giehyeon Lee

Department of Earth system sciences, Yonsei University, pocksusu@gmail.com

Mn(I) carbonate minerals play a crucial role in manganese geochemistry by controlling Mn(Il)
mobility and in the carbon cycle by trapping CO, through mineralization. Although numerous
studies have been conducted on Mn(Il) precipitation under a wide range of aqueous conditions,
their behaviors in the cryosphere remain poorly understood. It has been proposed that solutes
could be concentrated in liquid-like layers during the freezing of water. This process would likely
raise the degree of saturation of minerals in the layers, which may induce mineral precipitation.
This study examined how freezing affects solid precipitation with solutions containing dissolved
Mn(Il) and carbonates under freezing conditions.

Batch experiments were performed by freezing solutions containing varying concentrations
dissolved Mn(II) (1-50 #M) in the presence of dissolved carbonates at -20C. The carbonate
concentrations were adjusted to 1-5 mM with NaHCO; or the atmospheric CO2 by purging
air into the solution containing a predetermined amount of 2.2-3.3 mM NaOH. The solution
pH was controlled at 8.2-8.5 by the concentration of NaHCO; or the atmospheric CO,. Our
preliminary results showed that the removal of dissolved Mn was enhanced upon freezing under
all experimental conditions. The degree of enhancement increased with increasing the initial
saturation state of the solution with respect to rhodochrosite (MnCO3). XRD and Mn K-edge
XANES results of the solid products indicated that rhodochrosite was the most prominent phase
formed through the cryogenic Mn(Il) precipitation.
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Cist SAZXA L = Mn(ll) 23t 2 HY7HMSLHE 8l o1
Mn(ll) oxidation and the formation of Mn (oxyhydr)oxides under various
freezing conditions

O|X|4= Y¥=, o7|&
Jisu Lee*, Younghoon Won, Giehyeon Lee

OIMICHSH i X|-2A|AEIDISHT} jisulee0420@gmail.com

DY

FHE)AERFE(Mn (oxyhydr)oxides, o]st WiARHE )2 AHASHH oA FH 913t B A|5keh4 vh-gof
ofste] of2] f7] 9 77| E459 EY3ety Ao I A= 58% 9IS Tk A T
oh=9] FAF =] et A7F vt A 24 15| 43y u, & Mn(DY «#+4
(homogeneous oxidation)§F3-9] 739, YukAQl A4 pH ZA0A IAEH E= v]AEo] 5|
H whgof Hlsf @A5] LH WL TE Heof wht o] = Q1% Wxte] A|3leha AF S 9 7k
do] U Ao = 047%% k. SHARE 2 dadlekore] Aol WEH 58X %73
olo] 82lo] =5 ‘54529 INfreeze-concentration effect)of 93] g}sh-3-9] &=
st 2ol Aom Equoqu} B AL L& 9 27| Mn(ll) 5&7} Tt 52 74011*1 S
7+ Mn(1D) wFEARRIRES 9 F7HEHE 3400 v JFE AT EAN H 47_73 W deA el A
73 R E= S53 Mn(1D) AR 2 BrHRE 327 2T 7S ERIskaA skGit

SAARMIEE t7] $9 At B3P o] F1L = pH 8.59] 50 mM CHES —r%-—ﬂ% o]- &5t
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(-5 E= -200)7 2004 ofxl AAY =] Histed XRD, TEM, XAFS Sl g7Hitele 42 593t
ot AAT} Foj BE FAAAZRANA Mn()9] w+EAIeHESo] A E ot B2 Uehyton, 52
257t 2255 STt SUiske A Btk B2 S5 F4E YRR A4 Ad=olAe
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Sea salt species in firn cores drilled at Styx Glacier,
Northern Victoria Land, Antarctica, as a proxy for past
variability in large-scale atmospheric circulation

Seokhyun Ro'2* Sang-Bum Hong? Yeongcheol Han? Soon Do Hur? Heejin Hwang? Chaewon Chang?,
Jangil Moon? Songyi Kim?-3, Ah-Hyung Lee'2, Sanghee Lee', Youngkyu Ahn'-%, Sungmin Hong'-2

'Department of Ocean Sciences, Inha University, xenonist@naver.com
2Division of Paleo Environment Sciences, Korea Polar Research Institute
3Department of Science Education, Ewha Womans University

Atmospheric circulation patterns such as Amundsen Sea Low (ASL) play a pivotal role in
climate system of the Antarctic and thereby global climate system. To understand and reconstruct
past variations of such atmospheric patterns, changes in chemical compositions from sea salt
and biogenic aerosols in Antarctic snow and ice cores have been generally utilized. In this study,
we investigated the potential of variations in sea salt species and biogenic sulfur in firn/ice cores
from Styx Glacier, northern Victoria Land, East Antarctica, as proxy records for reconstructing
atmospheric circulation in the Southern Hemisphere. The sea spray composition presents strong
positive correlation with the winter ASL center pressure. When the ASL is deepened, southern
and southwestern winds would increase, obstructing arrival of air masses to Styx Glacier from the
Ross Sea, which is the plausible origin of the sea salt aerosol. In contrast, the biogenic sulfur is
not related to the meteorological condition, but rather linked to spatial changes in the Ross Sea
and Terra Nova Bay polynyas. Accordingly, our study suggests that sea spray record of the Styx
cores can be used as highly resolved proxy record to reconstruct the past variation in the ASL for

a longer period of times.
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Characteristics and heterogeneity of the enriched mantle materials for the
Cenozoic alkali basalts from Baengnyeong, Pyeongtaek and Asan in the
Korean Peninsula
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Seongyu Kim'* Sung Hi Choi'-2
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Petrogenesis of late Paleoproterozoic (~1.7 Ga) granitic gneisses and anatectic
granites at Garorim Bay, southwestern Gyeonggi massif

X[l x| 3|2
Ji-In Kim'* Sung Hi Choi'-2

1ELtciatn Q=X| &5t} chois@cnu.ac.kr
2&Lrhstm x| &34 0fstat

7183 AR Aol A FEEE A EAE F 3 7 44 AHolE AEREZA oF 179d9] A
37} Yepdth= Aot o] Adie A7153 78itoll A &6] &= A] gkow, AA7HA] o Al sHgdAel o
S QFASH 9 A 3tehA Q= HaE vzt glok 2] oW AollA 7183 AlgR ZtE st o] sFwEnket
I} oftEl €l (anatectic) 3PFtol tisf Ao£2] U-Pb Ad 2 Hf 59194 £4, A4 /5% 4 Sr-Nd-Pb 59
A4 A4S Fselth. Aol U-Pb AHS7 At 2719] SP3HAIK(1685 £ 14 Ma, 1693 + 8 Ma)#} 3719} 317
2H1683 + 18 Ma, 1690 + 6 Ma, 1706 + 17 Ma)ollAl, LA 9] W LA|ok= oF 179W9] 7He 8+ 9 ARwAld o
S A3t shEuieke A st S3 AR S0 e 2-57] EgtolopAr| o] AfEE ERIHT) o]3t 24 dvh=
oF 17994 o]Hof FAH HIFA Y YH7T -5 7] EfolofA7]of of el X Aanatexis) 28 o] EA 2 33t
o] HAEL 7FsAE AR BE AIREL TAS ERE0IA HIEZE shdgoz BEREH, dto|E(shoshonite)
F= -Zg(high-K) AlGel &otal, 1gFnubd(peraluminous)] £ Rtk 7] WE o= EE3I3H v
A2 FF BR L oM AFAREL LILE (Large lon Lithophile Element)9] 5319} Nb, Ta, P, Ti ¥94:9] £9] o]4}
(negative anomaly)& Ho| E5F HS:gt HiglS 7Fch. 3PFHulta) 3H3Qto] RARE YARE HES Hol= A2
ol59 AUH AL AT, Tt 3PIRE Al RS2 SPFHueto] HIS Th, La, Ce, Zr 5 Y5 947t ZH= o]
=], ol OFFEIA A I FF HURlo| ES} Aol 2 RLgESo] TUELA £-85A] il ARl AUA
== Ul 20E A BE AEES A-type 33 gl =2 (K,0+Na,0)/Ca0, K,0/MgO, Ga/Al
H]e} HFSE $FkZ 7Hlth T12uvt 2341 H|2AMd(anorogenic) Al-type SFFAFCF Hws), AFARES A4
OF =2 Yb/Ta, Y/Nb, Rb/Nb H|E Ko XA SZEX(post-orogenic/post-collisional) A2-type SFIYHFZ
7k o= Rb~(Y+Nb) A+2 W04 HE A&7 3537 (post-collision) 7|9 23t FGoll LA== A
YA ol= A=, FFH[OH/ U 2UFL A L FFol AT AHA A71(9F 209-189 A) o] F AFA|Ho] &
35 0l FAUNSS AAETE 9 17.5-16.5909] AHE 7HE F55 7199 A2-type S UF= B34 7
oA FHAotA BiE T glom HF=A| oA e P I s YRt Nb-Ta9] ZHI[(Nb/La)y
= 0.08-0.14, (Ta/La)y = 0.14-0.171& E5={(Nb/La)y = 0.02-1.2, (Ta/La)y = 0.03-0.9]°] HhH|=]= 2 Nb-Tao]
BolE]oiQls 9% =2(Nb/La)y = 0.7-21.9, (Ta/La)y = 0.8-28.8]19] -2} &}o]7} Qlrt. o2 spwniet d sb3%
Ao 2 () (9.6 ~ -13.1)2 5579 (0 F(-5.0 ~ -9.2)3} FAFolH, ARH 02 =2 FE= (1) 7
(+4.7 ~ -4.8)7h= AJolstrt. 8okety, oF 17949 ol A1A o= 55 B39 sHdEsol TAFCH, o] i 3
BE SHAAEL TA7] B 5529 SPIAFRE fARRE Asket EAJE 71K o] § 2-57] EgfolotAr|o
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Insights into the magmatic evolution of the volcanic rocks of The Pleiades in
Northern Victoria Land, Antarctica from oxygen isotope analysis

MAEQlA
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Nak Kyu Kim™* Mi Jung Lee?, Jong Ik Lee?, Jihyuk Kim3
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A, ol2|et Arte AN ANE-S T2 AHEWES] T80l dold ol AAseda gho]
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Experimental study on deformation microstructures and lattice preferred

orientations of glaucophane and epidote deformed in simple shear at
high pressure

o8 FMEI, Haiy
Yong Park*, Sejin Jung, Haemyeong Jung

M2t X7 2tZnfet e XHFAEZ2(3tA 74, dark2444@snu.ac.kr

AQlete o] ARE 1LASE FEE9 WHPu| L R(deformation microstructure)?t AAHA S HgF
preferred orientation, LPO)< ©laf5t7] flsto], o[&e]ol EEZ(voltri) A HoA AFEH =34 JHAHYS o=
ST PAES APttt AT AZtisty AL A A A2 E AT Ao A 1 Q
71718 ARgstol, 4] JAute L9k g Yol A(P=0.9-1.5 GPa, T=400-500C), AstHF(y)} A
AP E ()0l 247 y=0.4-4.5, 7=1.5x107>-1.8x 1074 5711 202 S =] 9ick.

A T AAFTAAS|E(EBSD) 71 ol8ot A9 i +4FEY FA4(glaucophane)dt =H 4
(epidote)®] LPOE &4 23}, AT ghol 22 A-(r<1) ¥ E F4 49 LPO+= (010) BHL (pole)o] A
S| A9 AskA #jFE 1L, [001] 27 S0l Hehafo] obg gt vigko & wid s e o3 rhiype-1). ¥t
W ARG gho] & A-H(r)2), B9 [100] Aol Mool 7H FA5H W=, [001] 2ASH0] AhdgF
of o} dist HIoFo 2 H|YE]= QFANS HaojFE E]'(type -2). 1R SENAREu|A(HR-TEM) .2 A|ES Est 2
o AGHY Fho] A2 AX(r<1) G40l TEEE= T2 H(dlslocatlon):fL =< T4 type-1 LPO ¥4
of 1o 274 W AlF = E(dislocation creep)7t 8 HAUEZOE Z8519 52 A At} §HH A gho] & 4
H(r>2) FAAoNA BEEE U2 AYFREY A% FHEY &, 181 FE-SEMOE = $A 9] s
(cataclastic flow)F2REL FH4 9 type-2 LPO B/l o] 2% W AAA e} FAof mHaf-50] oA 8 A

—~
—
jav)
—
—
=
(@]
()

i

HE HRE YA A ol A2 Ay (2) LPO7F oFsHA AU, r)2 & wiFE LPO7F & st
= TS Bl AdHY gho] 2y <49 o= =419 [100] 27850] Ao A =25t HaFo & ujdy]
11, (010) 27499 S(pole)o] Mgkl o aygt o & vidE = S HolFqltHtype-1). AR #hol »
=4.5% "olli= (010) ZA o] Mol A2 HaobA vid= 1, [001] 2 Z0] =dol obEget o= viE
= P BoFtHiype-2). ATHF Fho] 2y 4% =H Aol HR-TEMOE == W2 Hx, o244 A
(subgrain boundary), & ’%Pﬂ(deformation twin)E2 5H49] type-1 LPO B/ o] 24 W Az8=7t =+
8 HAYZOE A-Eo151S-2 XIS v A E gtol )4 o HR-TEMO. & ¥ E = 4 Ulen|E 2719 2
A0l STRo] oA HPFA o] HEH AiHos & ¢4 477} FE-SEMO 2 WA E = {125
F49] type-2 LPO @4d0f o] mha-3-50f ot 744 3]A(rigid body rotation)o] F8 WAHUZSO & 285193

AAZHt, o] A2 AHHY ¢t 27|19k 4 =59 e tiH|(theological contrast)7} ‘@Al AT =
A9 LPO Bl 23 IS T & 952 HojErt.
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Lattice preferred orientation of composite minerals in ultrahigh-pressure talc
schist and implications for P-wave seismic anisotropy

O|FZEI"* Aalied" Reiner Klemd? Matthew Tarling?, Dmitry Konopelko*
Jungjin Lee'*, Haemyeong Jung', Reiner Klemd? Matthew Tarling? Dmitry Konopelko*

M Srifeti X|2EE Bt XIHIAxEes 174 [j2718@snu.ac.kr
2Geo-Center of Northern Bavaria, Friedrich-Alexander University of Erlangen-Niirnberg
3 Geology Department, University of Otago
“Department of Regional Geology, St. Petersburg State University

At w5 AAdolA vl oAl HEEAL e, AEAN deFdEsd] AT
(lattice preferred orientation; LPO)°] oo & @32 ot L&A SUtt. E42 Yol A ok=
A gEold, e o= vlsAo] ule- AFsitt. ol A+ts thEAE B4 9| AR e o]
o] A7 u} Bl 5ol ojEet JFS F=A LorH ST 7| 27| 27 AR 2a19F widk Bt
AolA AteEs AFA-FEUA-24 199 A&, d= 2FSWE JAE Hof U2t EF50A A&

N

= 4 HUZ 240 ARESIGiTh &4 HY MEES FEet ARt F36HA WEE I SEM/EBSD
£ o]&st A 49 AR RS S5 1 A3 &4 (00115012 FEoll A 425t
A 74 S Uekelm, B4 (1001534 01002 Fele] A2l Bag ASFehe] Mee tehys)
o} &4 9] ARA S HGRS o] 85] s x]x]u} H| S8y Anls thAd A A ghdo] uf$- O pa} HE9) ]
594 (azimuthal anisotropy)= WEPHE HFATHAVD = 69%). E3H E49] [001]0] A|FEHof| taf
17to g 71&oi5E W dzel 60°017), %”@1«] Put WAL Bl (radial anisotropy) &9 #12.&
(negative radial aniotropy) HEPES & 4= QIQith o] AA R F7 Aol duA Y| 5 1179 4
Jrfioll A =2 Pt FAF HI /o] Uehve @4 AA3 ‘3} ot g4 9] AR THIRFo 2 QI Sup H
opeko. aj| Lo}t gask Ao 7 Uehgth 22402 thAdA A o] HEgg o}l Ue 735t Ax}A S
HFeka) o] 2 Q18 A A u} H|SHJL. A QT)of A L}-E]—LHE_ 45t pot B]SEP ) oS- 35t St H|SHEA
o 9L & 4= J2o] e H K Lee er al., 2020, EPSL).

Lee, J. er al., 2020, Lattice preferred orientation of talc and implications for seismic anisotropy in

subduction zones. Earth and Planetary Science Letters, 537, 116178.
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Petrological study on the Cheongsong spherulitic rhyolites :
The formation of the spherulites

U BRs
Woo Yeal Kim*, Yun-Deuk Jang

ZEstn X|& st} ta00227@knu.ac kr

Tie 799 FEAEACIH I AA2 =0l e M 242 7L gle, o st
of 7ol whsl] AR, FAHA Ead o] YAAYSS F 47K 1) vhvk E8-22, 2) HiH]
He 2449 viant &, 3) 2R 4) 2 394 B A frEd AAAE Al SAEE A
SHARE A% atel] diet FA4HAYS tigt 71EA7-9] 23t F7 vIslt. oWl AT S IS

St S5 B30, 7] FAHFUSl i) LotE L ojof tisf =2ttt HF 2B A ¢
ol #etr] EAARFet ST 223, A 37] = AALFL olee BUTH. e o
Ab Rt AR 4, S S Reddes HEn A5 Y =Y i
F2 ok wide 7HIn. odl Aol A 20W 9] S IS frE o] EAF G dHlS

=2v 1 ‘%
Fo B4, b §Y0R HRE & ook ¥4 T SRAWL AEEA, T3 49, 44 2L 7}
o

1=

SE2AS WA EPMA £425, H4 FaHe LegAlT Age) dHom TAHH, SueA
o BEAROR Qg MBS HolEth PSTIHE 7| W3t ARt SRS 7hA, mhant 290}
2 pole}, Fapge)sie Tajo] o8 WYE ERAL Sguris
hyzhat Iglet B Taks 245-205C, ek Faks 20009 Iyl ofs) HAE Ao gt

=
g
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r
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Occurrence of amphibolite from Guryoung group, northeastern Gyeonggi Massif

upE, 2E
Byeongjun Park* Hyeongsoo Kim

2qcsta X|28t4 8ttt joon7268@korea.ac.kr
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(layer) FEl= WERAAL A7 U2 ol A4 WolM Fd 25 Hoh =9,
A Qo] ole) BIFE F27 A% BREG TR 54 Wil ool
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Strain-induced lattice preferred orientations of chlorite and implications for
seismic anisotropy

A5 Fali, o[zl
Dohyun Kim* Haemyeong Jung, Jungjin Lee

AlSCletu X7 eZEpstE AH7E 2[4, jet0330@gmail com

|

Ol

i

Sfitoll HaYorAL =213t WRFe] w2 Sut 2] lut vl 52 AU Y] A3, viE SR oA 2+
0 9l 2y ol gk | 7lut vl5HMg ] A4 Yl oFA7kA] EeHA whel A QA gkt ©AH
3E Ad 5UA Y] ARASHIHLPO)O] AU AT vl 5349 Q10 AFE| o, A= ok
1} v 5HAS AT E T £/ BUA AR THRR0] AFAE0 A H g ojgitt, S 4lQ] A}
o] MR tE F FRE Wohs WAUES o7 Be XA ol gy 121 AR7171E Ab
3] 540-720C Y &%, 0.5-2.5 GPa®l ¥, 2.7-9.7x107° 719 HPE ZHfA =44 ggeto] o
At HPAES FHotoirth §F 9 27]0l| et 54 AR 5] AR OE F 714 B0 = ig:
o] gl=|girt. Ag#Eo] 24 Wi(r<3.1£0.3) 5UAY (001152 Aol of=213t 3 HgFo & JF5
£ 252 Bo8ltktype-1). §HH He#go] 2 wi(y =5.1+1.5) =449 [00115-2 Aedgko]| of=3]
S PR BANEE 252 Hoj3tHtype-2). U A9 type-1 AR S sfito] BHRE A X0}
vl 53 E THEOIH AL, type-2 AR SRR 7ol =2t A x5t v S-S e Wt 549 4

J5H= Sub £ 59] H)SHA(AVS)S T 48.7%E A1, o)A 02 AYth] AR} H]5HA
o] {UA | ARATHF] IA JFES 5= U ot

1 >0t m
X ol m
£ oo fol X o

o
ot

oL

Kim, D., Jung, H. and Lee, J. (2020), Minerals, 10(6), 503, doi:10.3390/min10060503.
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A role for subducted albite in the water cycle and alkalinity of subduction fluids

RN S5y ot 2|TIS gt 22 el "= Haiy?2 olgxH ™+
Gilchan Hwang', Huijeong Hwang', Yoonah Bang', Jinhyuk Choi', Yong Park? Tae-Yeol Jeon?,
Boknam Chae?, Haemyeong Jung?, Yongjae Lee'*
ToIM|CHEtm X| A |AEIDFSIE yongjaelee@yonsei.ac.kr
2AM2rhstu X|F2tZupste
3FEI}A 7|04 Hlafole

HpolE= thE 9 S A4 8 Y B=E F }Uri YHlo] EQ] Thefgt A& & E A Y F X
7ol w2 Hish= A3tehA 2 A& ahAQl @/4d9] LU olsfot=t] o] Qirt. o] AtolA= gutol
E7 2o AHos W Ak Add 2400 &= wf 90 km o] 271(2.9 GPa & 290T)fIA

12_7]],;(] OPE%X]X} 01—0 g_]_-_g_o] E‘rﬁ_‘ E@'ﬁ,} ZUJE%]—%?_]_ /\uﬂ]q—o]EE j!;o]-o]— E7]—L}O]E o] ;qE]l:—LJ Eo]-
E2 B|E 73, 1 5 AdE]EL 9F 135 km Zo] 274(4.3 GPa @ 435C)0l|A4 Alo|tto] E& gl o]
T 22 XS AdEo|EVE P48 uf AA AARIA fA1Q Kol oF 14%, #H4stil, o] A
Hefo] EV} Alo|tto| ER S o A AIA”A fA12] Fu]= oF 8% F7I6l= ks 4om HUst

£ 949 E24 EAO 03 TS uE AR oifEr). £, Guto|EofA] AElo|ER A3k o oF 5 4
9] & H|E £418719] W&ol BEE T, o= AU §A19 A78EE A¥ohs AR 7120 & AAE
o}, o]t oo mE A 428} 9 g Bl P2 B EFTE AR AU olA T gojuhs RSt
GO R SQIE, whebA] Azt WhE A YEE9] E 3 HAUS 9 o] #AH A73tehA 2|t
E85h4 &59 o]gfof tigh A2 5EE S Algsict.
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Helium isotopes and olivine geochemistry of basalts and mantle xenoliths
in Jeju Island

=gt o3 0|™}E|" ZZEL22 @X|2 Finlay M. Stuart?
Donghwan Kim'*, Hyunwoo Lee!, Wonhee Lee', Jonguk Kim?, Jihye Oh? Finlay M. Stuart3
I MSCHstn X|F7&tZnfsHE, ehdghks1126@snu.ac kr
2ot=2aligfatstr|= 2l Al XS A1 MIE]
3Scottish Universities Environmental Research Centre

AT FEtr otie] ARl A[okal AYHZFH 650 km BolA U= Al8H o B/4E SoFAlo}
9] o] g Wi A F sholtt. Ag7HA] AL @Rt} e 2E9to]| tidt B2 A0l IAl
o A g FAoke vhant ARlat AAE WMES] 7]ojof gt HEoHA 8] l Aottt Al vp1at
£ AT e AR 710 E AW EY] ffote] tixs, A, ATl g53t I ARt &
ofo| EA @R, 4Al4te| 9] Ayl 2jEelo|EE ARSI WEE 9L iﬂl(3He/4He) oF FAE9L W A wt
9] T4, B} v|FAAE EASHIE A9t W Ao v SARA v o] AR YAl
3.5~73R,(IR: t7] & AF UL H)Y HYE Kol o]= dA%Fd WE(7~9R )} s WE(10R,)
Hoh W2 32 7 o AFE e 229k AESHUAH= 2.9~6.5R,9] H9E YA AR
AR FARE HOE Btk AT d5UT i 24| I dht] = e WE 2599
HB.5~79R )T FARIY A A oR HiE ME 2RSS Ht W (5~7R ) v LotAS of 7
W2 AESAYAHE Aot IA fFAMIS Helth AlFk @Fet W A s8] Me# 69.6~79.7
o] ¥9E Ho|n FQAAES] TF Ni: 304~2020 ppm, Mn: 1360~2600 ppm, Ca; 1050~1616
ppm, Cr; 3~236 ppm & YERdT. 0|23t =8 Y4 oo thefet ¥ 9l A4 Mg#o] W3lof| w2t
UEL o] 7]& Aol BiE 4t &-8E(pyroxenite melt)oll A HEHEE A4 A9 g=
I AR AeRE Holtk T3, B 719 il F2 AREE A4 W9 100Mn/Fegh Al

9] 4% 0.89~1.279 HYE 7HAH o]&= FAU((1.4)°] ZFUO1.H)Kct ufnt A4 7]oj=r} 3t
£ A< guigit}. webA, & A9 2352 AlFE vpuk AB4g0] SlofA oFAd We $]4Qto] 85k
T P2 AAIE
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P-T conditions of impure marble and calc-silicate
layers in the northwestern margin of the Gyeonggi
Massif, Korea

Jeongmin Lee*, Hyeongsoo Kim

Earth and environmental sciences, Korea University, leejm@korea.ac.kr

This study focuses on determination of P-T conditions for two alternating layers in the
northwestern part of the Gyeonggi Massif, Korea. The impure marble and calc-silicate layers
are characterized by mineral assemblages. Representative mineral assemblages of impure
marble layer are calcite+diopside+scapolite+plagioclase+K-feldspar+sphene+quartz and
Cal+Di+Pl+Kfs+Qtz. The mineral assemblages of Di+Scap+Pl+Kfs+Spn+Qtz, Di+Pl+Kfs+Qtz, and
PI+Kfs+Qtz occur in calc-silicate layer, representatively. The cilnozoisite-rich epidote, muscovite
and albite-rich plagioclase occur as inclusions of scapolite in the impure marble layer. From the
P-T pseudosection(XCO,=0.1), the stable P-T condition of the impure marble layer has 4-9.8
kbar and 540-710C which is lower than stability area of the calc-silicate layer of 5.5-13 kbar and
550-750TC. The inclusions of scapolite in impure marble layer occur in higher pressure condition
of 11.5-18.3 kbar and 620-730T in the P-T pseudosection(XCO,=0.1). The results of P-T
pseudosection indicate that these meta-carbonate layers go through isothermal decompression
path. In the T-X pseudosection at 4 kbar pressure, the stable XCO, range of impure marble
layer is from 0.5 to 1.0, however, from 0 to 0.1 for calc-silicate layer. The results of microscopic
observation, mineral chemistry and phase modeling suggest that both two layers may go through
upper amphibolite facies to lower granulite facies retrograde metamorphism after the higher
pressure metamorphic event. The fluid composition change during isothermal decompression

path could be the possible process of development of layering.
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Petrogenesis of Coeval Shoshonitic and High-K Calc-Alkaline Igneous Suites in
the Early Cretaceous Eopyeong Granitoids, Taebaeksan Basin

QUM g2 ZIX|S! £[M3, ojojH4
Sunghwan Im'* Jung-Woo Park’-2 Jihyuk Kim', Seon-Gyu Choi3, Mi Jung Lee*

1M 2cletm X|2etEnfeHs, alslzbdku@snu.ac.kr
2A2LCHstu sgFol A
3 aeqcstm X/-?gfﬁf—’f” ot
XA FX|X|FAIAEIA L

A

Z17] Wet719] I A= G504 TG o] FX 38 Halel 3 Wot7]-A|37] 52t o]ojZl
SHdEEol ARE QI BEAr 2o YIA|gE A7] Wely] o] B UA = adtto|EY 9l e
UL ALY AR e F IPIARE 7] et £ AtollAls Aol U-Pb dAHSH, A T4,

o4 9 Sr-Nd-Pb 5994 #4912 &l ABPAAAE BAITE ntmte] e} 3gat et S48
FAFekgiH

£irHo|EZ A DT A ek A% AlE SR AolE U-Pb At 242 110.63+£0.52 Ma
9} 110.65+0.66 MaZ, F Al¥o] 53t uf1utd AFA(magmatic event)ll 28l A= -2 A Al
£efoo| EZ A B2 npimt A3} BHof| whet 9] A+E2 oA TAR A+ A+ SR R fAY ﬂr%
o] Haloh= ¥H, 1 xehg ZA9AE] AGS ZMA+SEE vl d A6t o] o SR =
o] TAE £aHo|EA ALD] &2 La/Yb B9} Rb, Ba ¥ Ful 9] oJA; 3 1 2ER: %ﬂ%@
2] AG FEEE EAolth FE ALAYA 2 S, A FUA 9 S|EF YAS o]t ndly] A3t
= F ALl A4 A= v & T 7H= T Butnte] 2EAEE 6 MesleE Holeth 74 A
do] o Bl 5 Hol:= AAE2 MgO, Cr, Ni 5 T34 ¥4 gfo] &1 54 Sio, B HollAl A1zt
|60% PHE WERHY =& Mg#s 7ML Stk ol= F AlFY nt1nprt WEolA 7] €sk e A4
St} & AGS E5t v SAA vFYA] FeFo] w1l ol S99A RS 7 JoH((B7Sr/8%Sr)
i = 0.7093-0.7098; eNd(t) = -7.1~-8.8; (2°°Pb/2%Pb)i, = 18.133-18.327: (*°7Pb/?%“Pb)i = 15.621-
15.665; (298Pb/294Ph)i = 38. 691—38 8621, Nb-Ta2] 29 o]4to] Uit 544 949 vlag4 94
7+ & —‘?‘—i}lﬂ o} 3= o]2fet §A4L YAt Rold ARAZ EAE 7Y £49 wrfjAeZ v, =
TEE iote dAH WES FEE8 é Sl 7 & A Eh A OE F rkimt A/ go] §HEefAl o
= oY WEo] 7= gt & 0131:011 U= A0 E HRIth, 7] wWot7lo] Jojt wefEeFute] A4zt
1A e Maprt A7 A Aokl 852 FEotelal, 11 23 oA WEY] 8670] B2 FEo|
AEz o2 8§ uet o] gsytA| o] npanlrt ol HS ACE FZHct. s W7 wioty] o
ZEAY 134 FHEL AFEE S Ao AMEA 0 2 Baxshy wioly] B9} A3tr]o] 9l o]&

ESH o Yopg Aot o] A7 SAT vt X 2te}t 2/ Hole A dE{ohd, o2t FAA SHE A
o] B5le GAE WE 88 Fgo] St Fiof FH QoM YEES A CE Kl
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A study on the Policy Plan of Construction of Geological and Geotechnical
Information for Earthquake Hazard Mitigation in the Local Government

QSR & 210|452 QAIS?2 ZITIAk olxfj&ES £H4
Hyunjee Lim'* Moon Son', Sang-Ho Yi?% Sang-Hoon Oh? Jinman Kim?, Jaehun Ahn3, Cheol Woo Song*
=PYuI-1m] /7"2,‘7#1'}01'",1 lim_hyunjee@pusan.ac.kr
A}Eﬂol-—l 7-{ oI'_IIL
3:::)&/-[//0}—1 EZ2Z5H}
BHAAIA K21

WM oA AR g Sie ATEA ARBAT SR B4, A0 B
AR 4, A8 A58 PhE 9% AT A4H 0 AT SIet I DIAEIA LD L
8 A4 Hohg AZe7] I Ams AED Glout, 7Kg 7127} S AR AR 753 el
e 2] el skl i ol AR IBANE oz, B A8 1 15 24 X
AN AL AR T5E 919 AL ANSHIA ek, FU7 oI FEATE FYDBA
2 255513 AT AT Ul H HE AMRel RE 9 siels Ead 23, FEANE
ADBAEIC] YJeislA) b BE AREo] WFAUNZTH, TA-BH, S| 5) Fo| BAZ th
#93 Ik /MGHE ARE) dARoke A4 EAAE, 12z oA o g AR AN
o}, o F Y AR DBTEE AAAAN 2B NS HEHe F971Be] AAHE ol85Hs 2

o] &gHolch, /YHH AEE TAR SHHE W), AUEARIMF o] BUTA] Yo} FEANYE £
DBAIE 92 4] 4342] ol52o] 37 ol 44 Azrct eisl Aao] o] Acka st
Ak, sl AR BN LS Folel 404 B A £ e A
o PAEetE A A THYERAT A PREZTAING} L THNF A2 et 27
% 48 A0l 275 Yol YHFS) FH0 ATEANUE Fofel FAAH sl b
ozl ANgnel A% A AR HulAN AN APEL 2] B Hebgol W el BHss
th. o2 Sfste] XA AUk HEAHES] Fgo] RTHLE AAAZAHAE} 2 ALA WS AN
ok ol et JAS] AP0 A WA FRot TEHEC, 2 A A kS S 3
Ao QARG A 2D D AANGA = 242) A ZARZA BE 715 T Holk
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Spatial variation and frequency dependence of Lg wave
attenuation along the CCSE array, and the impact of site
response on Lg Q structure in central California, US

Jeena Yun'* YoungHee Kim', Robert Clayton?

'School of Earth and Environmental Sciences, Seoul National University, jeena.yun7@gmail.com
?Division of Geological and Planetary Sciences, California Institute of Technology

Lg wave, the most distinguishable wave in crustal high-frequency seismogram, is known to be
useful in imaging crustal attenuation structure owing to its sensitivity to change in temperature
and/or fluid content. In this study, we aim to estimate spatial variation of Lg wave attenuation and
its frequency dependence, and to probe crustal heterogeneity along the Central California Seismic
Experiment (CCSE) array in western US. Based on the two-station method, we estimate Lg wave
quality factor (Lg Q) centered at four frequencies: 0.75 Hz, 1 Hz, 2 Hz and 3 Hz. In all frequencies,
Lg Q values tend to increase from 50-100 at west to 100-250 at east. In addition, we observe three
major positive-amplitude peaks: near the San Andreas Fault (SAF; P1), at ~130 km (P2) and at
~270 km east from the SAF (P3).

High Q values at/near P3 can be closely associated with Sierran basement, based on its spatial
correlation with high topography. Amplitude variations from P1 to P2 can be related to thick
sediments at the Central Valley (CV), since the peak locations match well with the horizontal
extension of the basin. The location of P2 correlates well with lowest heat flow along the profile,
which implies possible relation between low heat flow and high Lg Q value. In addition, proximity
of P1 to the SAF imply that the peak might be the related to the fault zone. Further inspection is
required to elucidate the cause of the high Q value at P1.

In order to investigate how site effects can affect the Lg Q structure, we separately constrain
relative site responses at each station based on the reverse two-station method. Site amplification
(> 1.0) is observed for stations within the sedimentary basin and site de-amplification ( 1.0)
is dominant at the edge of the basin. The pattern from site-response-corrected Lg Q structure
is somewhat different from the one without the correction. The inconsistency may represent

discrete characteristics of shallow and deep crust along the profile.

Acknowledgement: This work was supported by Development of unified 3-D seismic velocity
model program (KMI12019-00110) through Korea Meteorological Administration.
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S-wave mantle velocity and anisotropy around Saudi Arabia using Surface
Wave Tomography
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7122 E 9 OEHE FARTAS ARESto] ARp-TofetH|ofe}l Fote] 7t o o] |2t AR WES] S
o & 28} oS AT 518719 WS40 715H TR 5.5 o], AG A2 40°01U <l 204
N ARAAEE Aot HDejuet BEnte] 4% BAAS SHoH. S8H 24 AEe} T
£o] o]d AFAEC gt SHA FREMAY] &% Y %%@E AR S ARSI A7 ERl
CRUST1.0¢} 12+ &&= H9”l AK135F Zesto] 344 7|&RdS F/4d53lom, 344 54 Sut &
Lo} HIAMS oiHg o) gl gt FAkS: skl elv it Okﬂhﬂlor ZE ol 80-100 kmoflA 14
T o= HolF HhHo] oftu]of R 9F F5f ol 30-150 km Z ool A A&k of/4fo] AT |
APY o9l At AtE o At A9 ol A ¥ oS KAtk 29 o F5f off 10-
20 km Zo]oflA] vehdtt.

4D cHetRimatsl Hi7sxt E7153| 2 2020 AR SRIEEACS



10.27.%-29.% X eE2lst L S2EA

Li710| 87 229 & KI20IA] bzt st 917

Temporal b-value changes in the slow slip region of Nankai trough
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= A2 A 7ol olo] v S a5tk A WY W7t 2w AA RN FARAY HEEH= Y A
€] 9] M= o] w2 2] A ¥HAY B1EE YERf+= baHGutenberg-Richter magnitude-frequency rate,
b value) 22X ¥ B 4= Qlth, Y& dr JHo X Urlo] df+(Nankai trough)= X 8.0 o4
thz1%lo] 100~2009 712 FAsh= Ao A4 Asf AAFo] w2 Xo& LA Utk & AFolA

£ 19814 o]% d7to] sf+9] FAHS wet £25- ¥ (slow slip) @40] TEE= Fol| A2 AlZte] o
£ bgke] HStE RARITE B 717 B9 AT Ao Y bt AlZtol et walstn F2 0. 6~1 0 /\}O]

2 WAL b 28 A 2 A2 Aole] SR WYAE ek WS b S STo
S 717 B9 FHPA 71N 2 4 W ol Gt Aol BHATE, 229 480l 14
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XS &9 AAROIAY] 2 Wsie} Pelo] ek AL AAIFT. B3] Wrlo] B B E7lo] A
(Tokai region)] 20141 °1 bgte] X144l 2 Zak 21429l 2lo] falz} Pelo] glov] 2l WA
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Analysis of frequency characteristics of seismic data and development of realtime
seismic data quality management technology
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HEY U (PSD)E 7]3]—_& PSDE AL o]A), A AT A £FFE BE51 ol EUR I AFY
(CNN)2 o8¢ AFs &7 7I&= et Bk ot & Ao 1 = O H.gkoto] XA S] FFEE PSD
o 542 B Aelel BE 5579 AAA0] 8L 4 U B AE 71 AT ek, PSDE AL

Ao AAREE Fos FYoIA] A% AHET G2 HET A0, BEA0) AL E4olt A5 4
2 Rojzr}, B40] ALg3 PSDE AW R 1 Hy olite] mamis: tololq EAX| 3 EA o] B4,
EAA A} 22290 &4 Eof whet v A-L-9] Hapr) thokst AL & 4= 99tk B i =4
o] 4% 102 o40] 271 TIOIE WA T6 S22 BT 4 P P B7] DAL ST B0

M- U

o] 49 MAY 44 %7] 102 oJgoIA] A5 B7] oA SUE o} Fejste] FEH 77104 PSDE
2R ARS g0 geid 74 % sjtel ONNE o} 84 SR ue sl 21t sk wulo]
A9 BE 3579 AAAZEE Qola Az AN B Belo] B8 4 912 oIk
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Site characterization of the Korean Peninsula combining in-situ borehole blow

counts and seismic ambient noise
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3% A& A=) WAl AAE Aeiil= FA §/499 meto] F-astth NEHRP (National Earthquake
Hazards Reduction)?} ASCE (American Society of Civil Engineers)e $A] E4S q#¥sh= gto2 2
0] 30 m7IA|9] At & HH(VS30) ARESItE skATE St o] VS30 A= &St Aol 2 A
TFolAe Aot SE-FEBAAIE N (SPT N)FE ATA 243 ] VS30 A% 152 HHE o
ot T540 AR O Z Y -2 AHER Y HiE (H/V AYUEY H))Z ALK A3 54 5
Fo| Mot &5 125 245t 98 H/V AHER v 134 57F AT ol 7|23 ol24 8% 5
3} Bl wgte}, QIR A559] SPT NgbZ AREoto] 27| Adwt £L25 Z27%. A7 g S
&9l o1BA @ SHI H/V AHER H]9 Apo)7} H 47t He HA9] Moyt £ 25 AT =
H Aot} xR0t QIFSH A|F3-9] SPT Ngt< Hlwsto] A E 273t o] 3782 tof|A o]
& 7Fset BE F Y BSA0] HE3trt 20709 AR TEAA HiF S -5k 175,619709] AlF
Soll41 SPT NgkZ =43ttt VS309] 84 Hak= A3 HlolE oA Hghe Adtu} L1325 ARE-Slo
A, ok 219 9] VS30+= a0 & 22 vH, Y5 A9 9] VS30+= Atid o= =4 Uehdth VS30
e S A A9 A% 4 A} A5k, X HARS 7WEeE ALk USGSY VS30 Zdt =
< ATRAE BRItk AEE VS30 A= AAZQ] 2l A% EY 270l -8 Ao & wEnh
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Seismological characteristics of the Suncheon earthquake sequence
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2009955 2020971419 w4 A H5-Z 0|85t 0 A8 A9 st EtTh 1
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9~11 km A FofA A 4 A% F=oFols @52 S42 HEU T 2 Azttt Y =27 e 717t
& Aol = TEAY AW7ES A5t A 3 42 351329 double-difference?]
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Seismic source parameters and clustering analysis of 2020 Haenam,
Korea, earthquake sequence
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202019 449 26958 59 8U7HA| oF 25 S A A HolAM BHE 1 3.2 AXZ ZIet
& 743]9] A Ko] LAYt on, D= HE thA] 2550 RHIE 5 1.59] 2|0 okl o WASHT. 1
2.0 o13e] 713378 AR E=o] w2 197837 o] A Fof TR 2|12 ijleH, 714 maAd 55
% 2009\5E sid A X710 AFo2HE F 10 km oW 2] ¥HFollA w4 XA GId A o&g &
A=A, webA 22 ojf o= WA s A% 79| Ay E4S AwE iz} o] A5 +Fdt
ATt Put 252 0§t 1 3.2 A2 HeF ol TS0l o e Zler eelEglon, Sup
| AHEHOZHE o] A2 ThF ¥HE 216 + 4.58 m, S0t 31.442.35 bar & A=t

Double-difference W< ©]-&3t 7571 Z|%19] A1/ Y A2FE Bl olid A< A %1o] 100° BFaFe] 53¢
3t 65°9] BARE 7HA= 2F 400 m HLo] EZ VA= S EAolA] EAT A
252 o] &3t dEHafe} & dxsitt Eot A AT O] AFA 5 BAo7

=]

[e]
A7 WY S Tole 4 itk
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A Study on the Structure of S-wave Velocity and Radial Anisotropy in the East
Sea Using Waveform Inversion
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FetAlott 5ol YAt FfA g
Lo g RE opy|d 89| YA Hom Y
AP @4 59 AR @A siAsH ] AlsiAE Rk iR A
A& AFHE Q] A Simute et al., 2016)°14+= &4 1+ FAKfull-waveform inversion) WS AHE
3 oA o] Mt S S A, 100-200 km SHFE] OF -15%2] 73t A& T oA Eolgion,
o= HYH HBIHAA Y2 FAIA 711 s A3t Hf QIE}. $-2]5= van der Lee and Nolet (1997)
Ao A AREEH T o] 2 7]Hhe] HE 1ty JAHpartitioned-waveform inversion) B ARSI O
o, 7144, AZALATY, & A A4 (F-net) 12| o]t A A8E A7 H FIB|(IRIS) 5 5.4 °]
39] 13970 A7 ARE o]l FolAH 9] Aetu} & -oi/d RS Act. 71 A oF 150 km FH7HA]
HAAERE H|AE(Checkerboard test) 2HE &2 AFAFE 2t Adat £ 2dS AoH, 20-60 km
TZENA oF -4%9] AL o4} 100-150 km H1FO|A] OF -3%2] A& o] 42 SIFH:. o] HEle]
23} Fof g 7h2H|9] thekE] shiollA AdsFoll sigtls o AS BESHlTh el I uiE S &
25 5% 957 ARE 26| At JAkZ £HT Aol o] & Bol HE AR gt =2 s
L7} 23bE o] At SaA At S-oi g Bl A Aol 7|t
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Preliminary Study on Dynamic Rupture Modeling of the Pohang Earthquake
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Shear Wave Velocity Structure from Ambient Noise Tomography in the Seoul
Metropolitan Area
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oA HI ER 1] E o] &3t At R A7 HARE AP o] & Bl  F2 A
ShE27F S RHAIRE, oA 5] AARE A2 FHf= BRI A7 E ERE IR i A H2 v
Zlo] RIHSHA| TaE]= BRer &5y A& 722 o|FofA Qlrh. AR £E13 4= 5HF9] A& X 9]
St A XA EA o Fasith Tt SR X9 o] AdiF o 7] wizo] HE4 W E
T A+t Zggo] ool Jltt. o] At S ASREEARE Hol7] o) viAdS ER e
£ 830t 715 A EALATFHNA 2 SR A TS 177148 T o)A BEA 6174
AAsto] & 787040 EE 21X #ESLE S A G0 15519 o] FH Y Sk BSTFo|A 57
%Y 7] &9 AR v AT 300370 WA A Aol A A7 e R e &
S5 Aktota Hgejute] g 2% g E 7 H(multiple filter technique)s ©]-8519] 0.1
HzollA 5 Hz9] 7|2RE g dgute] &4k BAF 348 S343ltt Fast marching method®} iterative
subspace inversion WHO R 7} Fuk= tF 9] 23 & E A& FARS: 35t} 2|E4 08 Fuley
TEE ALofA F4lste] 10 km 0] 3A4Y Adtu} SRS ARt SEHES Qe E41

2 A 238} vl A4S Fofl &8 S ot o] BElojlA] XA FL2E BtYgots S WSyt UE
Ut 20 £ ARHH 0 AR B ©F 1R} v[AXZ] BEEx} ATRHAE Heltth o]
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Construction of earthquake monitoring system for the seismic network
in Gyeongju
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912 A%AH AAY AUZAE 91 20174 10258 20007049 o] S AUAZ P4 1
A BEgo] THEGIT ANBEHE ATSHTA SHe ol et 1 e 2Uws oA,

B540) AETl £ 45 TR ARE AST 5 ek AW, Pl 42 wgHow 285

7| A A JRALY ol ol ATRINLDE ARHTE SN A

5 A5 AN AE, 9A 2, 2 2 E et AR HE L A B4 Z2AAE 40 R 1l Q)
ojofstH, =& mé oI5t GUI A|2ES " g & ) S A= 1y 15 | AR #EGo| 7|2 EE= &
2O AAZE AR HE E B4 5t ARBSAAHS =53 1EH AATSA| AL SeisComP

A7 B4 AZEQOIE 7Wo g AH I, AR 35, A AR AE @ £4, 5 B4 93 HEol
£ o|Et} As AH AEL ©7] off A7) Bt Hl(short-term average versus long-term average; STA/
LTA) 3} AIC (Akaike information criterion) B2 7|9to.2 A A5 E A% 3§, Yw7ut 4
3} "l DBSCAN (Density-based spatial clustering of applications with noise)2 £l A48 A%

(association)& 4= ”01'\:]' A2 AAEHS 55 20179 1025E 20209 8L7HA] AF Ao A wAyst
}x] S HEE oYY, AEE ARXEY AY Bx=912 AFAA A 2017 ZZA A Y, SAHS 55

BB e 0 2 Aole] el IEES B9, 012 A7 At ST SN0 A4
NP HLESL 7V ko R, 5 Aol st AUE0) A9 Zolt 47 15 kme} 10 km 0] 154
wusts Ao et
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Spatiotemporal distribution of hypocenters and focal mechanisms of the 2020
Haenam earthquake sequence
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Investigation of microearthquakes and fault structures around the Seoul
metropolitan area based on a local seismic network
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Crustal Structure beneath the Seoul Metropolitan Area Inferred from Receiver
Function Analysis Based on a Dense-Seismic Array

olgel, EElE
Jeongin Lee*, Tae-Kyung Hong

OIM|CHE! i X|FA|AEIDISED}, jeongin6422@yonseiac.kr

20119 3¢ 110 TAeE +F2 9.19] SYE dhAZ12 SRt 52 &0 JFE vHth ShtzofA
Aot AR E Wk FUE A o]F F7lskqith d 2,500% B9 1te} 7%t Al4do]
LHE Ao, oA 27t 2 A Ko] WS 5 Azet Q- d Ak mjoj7t zed 4= Stk 5=
Tl oM A R R FAA A o] et -8 ARE AT 5 )
$oF AT FAF FAS ARt A QA S ARESte] e oM A7 L2 E
ARE srdo 299 117149 AA] A #H5 20199 6EHE Y94 197149 %Ml ZVJ %é%h
7143, Zl*‘x} ATHY FSAREE A4 Hole g Syt AT BAS Al 5 6.0 o1, XY
A=|7} 30°-90°91 A% Mgt} A1) Al §HEA A7 99 OEE8F4 WS ARt HY
2j1te] %#E% 45171 91sf 20199 6 LRE 1297HA] WAYRE A7 Foll A ZFA= 7} 300 g, 27t
5 o4l A& Aot thg g 7|&S F83lt) 10-60 = F719] gD ejnt BAF ZAS AF FAl
ARGRITE ATt} £ R WA A4 Alg A Ao E AL A% FAE A} A A o] HoH
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Geodynamic modeling for stress in the southern Korean Peninsula driven by
lateral variation of lithospheric thickness and plate kinematics and its implication
for seismicity

O|M&"* Arushi Saxena2 &X' 0|F7|" |22
Sungho Lee'*, Arushi Saxena?, Jung-Hun Song’, Junkee Rhie', Eunseo Choi?

| MEClatn X 8tZ8f5HE, sungho9l@snu.ac.kr
2Center for Earthquake Research and Information, University of Memphis

= a}/\]o}g} OFFEuO] BEALKAQ] AAE W] ofE AA | &otal BA R tiE A
2 & ‘:}- ol2|gt EEAT T BA ] &t TS & S Hloj|A WS AXE9 7|92 of4l 1
golA) Holct B ﬁ:r%: teleseismic relative arrival timeg ©]-&5tc] EX T80 431 A tiE9 &
+24(Song et al., 2020)T} absolute plate motion (APM) 2@ (Becker et al., 2015)< B .2 SHt
T 9] 382 ALtstal A% BEAFEe} Bl skGith WA, ol 915 Sut £k ol (anomaly) AR E ©]
2ot A 2% (Lee et al., 2020)5 FoIAth F4E A 2= 5 7|& 2% A(Turcotte and
Schubert, 2020)°] ElofjA] At =5 A4l 302 APM= 483 490} d8olA] g2 F9-2
Lol & 2t et oA 3] HelS SISt 4t ] R W iR A HES A 29
S &> 1= ASPECT (Heister er al., 2017)& ol-&5to] 2] HAgS 51qith 2] Hd & AR 59
T2 s E2AAT B 52 1Et Bdo] 15H AR Amsy F 2R 8% EAZ WS 9
oA FgFols ©3o] doid = Y= 24E Ho|il Al YRoA AT FHo] Ho|il F4Ho] FAL
FolA At F o] yehdth. 5], 88 Hd2 Aoe] a2 THtE A& FA 9 w59 Y 24
of shto] ez HojEth 3, 7|5 479 94 WE ASFH7T Ao s GHolA W2 2
S0 Beltt. o G2 A|zlo] ALY HAYTIA] P2 A H(aseismic zone) 2&E LA glom 2 2} &
g3t 2 X2t o= AFH WE 5T # -50 gt 4 o] AR ST AR HE
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Migration of the 2020 Haenam earthquake sequence implying fluid-driven
earthquake swarm

20 a4 F| T2 Y4 aed!
Minkyung Son'* Chang Soo Cho', Jin-Hyuck Choi? Jeong-Soo Jeon', Yun Kyung Park’

1SIZX|EXA T LEX|EALEE X XA ME, kersti@kigam.re.kr
2SI AR FEXFAATEE SR ZTIAL

A AR A AT UL HHESFE 3.29] A3} 71 o]s} 29| A% 71 710] 20204 4 2645-E 59
8A7HA] ofid A|9(34.6-34.7°N, 126.35-126.4°F)0l| 4] A6} 2-S 1ot o] A|9 9l 11 Fof of
e SR AR EE T 7S AIAR, GARAR], 221 XA Zpg o A= @A7HA] SRIE]A] ook
o £ Ats 3AASAATE B5to], o] A|oflA] mlAz|Zlo] 2020 48 269 Eot 51 o]HQl 44 25Y
FE A0S SRIoktt 49 25U5E 5 8Y Atojof At m] Al R]XI2 155 7o qltt. 7] gt
A AR LAY AR EFoA RI=E 71 A ARE 2Fsho], F 226 1 AZ19] K Yo] FAJo]FAe}
Ao BA L) 715kste] A7 = Qieh XY AT o)A 7]E9] A=A AR AR AT 713 A7
A9 715 A=7t ol &=t A A= vE 2 A9 24 HAE Hoith A XE2 A
EA-555 WFoE BHE51, oF 70°9] BARE o]FH Ao} oF 20 km FLo|lA 2F 0.3 km x 0.3 km
Hel9] F33t WS FAotat. B3 AAFE XY S BEx=, 226 A AR F 7P & e AR
M, 3.2)2 ZHEHA 4 A2 R == SF5H 7[sHFEF 98°, AAF 6599 Aok HEg=
Act. ZHERIA A4t AR HEH 5= 3 252 HA A (rake) 7°5 2+ J5F Tl 5ol A
2 YL A7t et 5508 P aL, o] 3t o5 P SFAEAIX 256 A F M E R
9] AWM, 3.2)°] 20209 5¥ 3% LAsH7| A7HA] A&=| . o] 7 & 29 A7 XY B
& A F, S olsotd Zo] gFold ol A st 2 At A Ko A TEE X o] @
AFS T2 22 AR GA] EHato) w2 FAFo g S Ast) A, AU A7tof| mE S-F] Qe
F(diffusivity, D) 0.012 m?/s2 A 2 5= At A, Z|%lo] At ot A F-& Z3st SRt
NN = AEA-TEE T d&H o s dds g7t #AEuE {FA 7L ol
@5 FX(fault-fracture mesh structure)7} 1Y FFoll e £ Aolgt 24T 4= AUt sdAEA]
oflA 71 Z 9] A 7o) A M7HA] & XY o5 A Al FAF S22 AAA 5A = 9

(o]
o
3 ANYE R AT, 1 2 Fme] Axlo] wAE o) ShelEl A R A% Ago) gt 2l

9
B 54 W oA A ANYEL U5 WE AF0 2 sjaE 5 ot E3, A 5 7t
A vhx ool MR B2 ARo] ANTEL ERANG vojsie Ao siAE 4 otk 1o 1Y
QoA §RI9] ZAS AR AU BAL WA BASER, SRS B AN, B 9R S

B4 5 37} d77} @7 ET £ A7 AASH 20204 SIS0 3 1Y 2
Fohe Aol BR7} G Fole} it Uobk, BEE A9 R0 o547 1 sHo] TR S
Ao AR 1SR FUA S ol skt S 4 Q71 Ve
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2017 M, 5.5 3} X|ZIo| 0Zloj| 3t X|ZIaHE S5 2 M
Aftershock analysis of the 2017 M,, 5.5 Pohang earthquake, South Korea
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Jeong-Ung Woo'* Minook Kim?3, Junkee Rhie', Tae-Seob Kang?
TM2CEhn X|28tZ1FeHE woongl440@snu.ac.kr
251 AR 7 |22 TZEX|Z I
35 A stn x| 724 0fstat

5, A =
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2ol A AElA A
Rt 2 AollAl= ElolE vt
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Qo) 12 BERRE 24% T 25-2E W9
ZHE b g2 9k 39 5 GAH R S8k enE
B, ol g0 20) AR thE o o] 34 £ S 55
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Behavior of Mg isotopes during glacial weathering in Ny-
Alesund, Svalbard

Jong-Sik Ryu'* Hyeongseok Song? Ji-Hoon Kim?3, Hyoun Soo Lim* Ok-Sun Kim®

'Department of Earth and Environmental Sciences, Pukyong National University, jongsikryu@pknu.ac.kr
?Research Center for Geochronology and Isotope Analysis, Korea Basic Science Institute
3 Petroleumn and Marine Resources Research Division, Korea Institute of Geoscience and Mineral Resources
4Department of Geological Sciences, Pusan National University
°>Division of Polar Life Sciences, Korea Polar Research Institute

Glacial erosion produces find-grained sediments susceptible to chemical weathering leading
to incongruent weathering of mineral phases with high dissolution rates, such as calcite and
biotite. To investigate how magnesium (Mg) isotopes hehave during incongruent weathering in
glacial regions, we report elemental and isotope geochemistry of glacial river waters draining four
different regions, suspended sediments and bedrocks. All glacial river waters are much enriched in
Ca and HCOy;, regardless of bedrocks, of which glacial river waters draining moraines are relatively
enriched in SO,. Fach glacial river water yielded different 62°Mg values, ranging from -1.48% to
-0.70%., depending on bedrocks, and their suspended sediments are much enriched in heavy Mg
isotopes ranging from +0.58% to +0.93%. Although secondary mineral formation fractionates
Mg isotopes, resulting in lower ¢%°Mg values in river waters, PHREEQC results showed there are
no secondary phases in river waters. Furthermore, negative correlations between ¢2°Mg and
weathering proxies, such as Mg/Li, Mg/K, and Mg/Rb, indicate that §2°Mg values in the glaicial
river waters are attributed to incongruent weathering of the solid phases (silicates vs. carbonates).
Overall, although previous studies showed Mg isotopic compositions of the glacial river waters are
mainly controlled by preferential dissolution of carbonate minerals, this study suggests that kinetic
isotope fractionation during the incipient stages of weathering controls Mg isotopes in the glacial

river waters.
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High precision analyses of three oxygen isotopes using
Cameca IMS 1300

Soogyoung Goh'2* Byeon-Gak Choi', Jeongmin Kim?

'Department of Earth Science Education, Seoul National University, likeioO2@snu.ac.kr
2Center of Research Equipment, Korea Basic Science Institute

In-situ measurements of oxygen isotope distribution of a geological sample are important for
understanding a wide range of geologic processes (Valley and Kita, 2009). For such investigations, Secondary
Ion Mass Spectrometry (SIMS) is well-known to allow one of the highest precision analyses. However, the
performance of SIMS experiment is sensitive to experimental conditions that might produce analytical
variables, for example, secondary ion yields and instrumental mass fractionation (IMF) (e.g., Ireland, 1995;
Dauphas and Schauble, 2016). Here we report the first oxygen three-isotope data from different four
analytical settings by using newly installed large geometry SIMS, Cameca IMS 1300-HR3, at Korea Basic
Science Institute.

Measurements of three oxygen isotopes, 1°0, 170 and 80, in San Carlos olivine were carried out under
multi-collector mode using three Faraday cups that count negative ions (10! 2 amplifiers for 1°0~, 180~
and 10'? Q for '70"). For separating '°OH" interference from 7O~ ion, mass resolving power (M/4M) of
~5,500 was employed by combining 50 #m width of entrance slit, 220 xm exit slit and 50 eV energy band.
Zero energy electron flooding was adjusted for optimal compensation to charging on the sample surface.
Each analysis consists of 20 cycles and oxygen ions are counted for 4 sec for a cycle. A single analysis takes
~8 min including pre-sputtering time (180 sec) followed by automatic centering for secondary optics. Cs+
primary ions having 20 keV impact energy was focused on the polished thin section with carbon coating. In
this study, four primary beam settings were applied; (1) 3 nA with 10 xm size of raster (3nA-R), (2) 3 nA spot
(3nA-S), (3) 1 nA with 10 xm size of raster (InA-R) and (4) 1 nA spot (1nA-S). The primary beam intensities
were chosen considering Faraday cup amplifier resisters and secondary ion intensities of the least abundant
oxygen isotope, 70, that were ~8.9x10°, ~8.7x10°, ~3.3%10° and ~3.0% 10> counts/ sec by (1), (2), (3) and
(4), respectively. Six measurements were made for each set.

Four sets differ in IMFs as well as in precisions. Internal and external precisions (2SD) in %0 are (1,
3nA-R) 0.18%, 0.13%, (2, 3nA-S) 0.20%, 0.26%, (3, 1nA-R) 0.40%, 0.45% and (4, 1nA-S) 0.46%, 0.12%. Those
in 870 are (1) 0.39%, 0.25%, (2) 0.43%, 0.19%, (3) 0.87%, 0.61% and (4) 0.96%, 0.51%. At the analytical
setting we used, up to 1.25% IMF was observed among average ¢ '80 values depending on primary settings.
This is due to different primary beam intensities and probably more to electron gun configurations. Thus
maintaining the same primary and electron gun configuration for both samples and standards is highly
recommended. Approximate crater areas are 25X25 um, 15x15 gm, 20x20 zm and 10x10 zm by (1), 2),
(3) and (4), respectively. This study provides a useful guide to choose primary beam setting by considering

analytical uncertainties. Further details in analytical conditions will be discussed in the meeting.
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Weatherlng of biotite in ice
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Seungsoo Lee*, Youngsook Huh
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o] AtolM= 52 B0l S22 sFeh Fotof nX= FFol 2HE HOIL, 2, 3], -20T L =
9] tjH] =)= batch $74Z& 24J5to] S8+ AT S ZIdYstar A7to] whe 3kt WskE SRlginh A3 batch
E224740,1,15,2,3,4, 5,6, ~435, ~3125 A7t 3o JRAAA Y ¢ &, §H3- -8H 9] pHe} & &
ol Fr 9 &= & 594 HE SAF. Aol ARgEE L, Ca, Ti o1 B9 ¥ 1nfeolE S
A4 FAE S5 T 53 A2 AR 47H9] & 1A Al=0] tisf XRD #412 233t

|2 Si, Na, K A4 vl= d3A0lA+= 257} vermiculite2 33t Hl= YA, =204+ S-2
L7t 1P 0E Fo He P AT £ 2lE 5HY4AY] §LliagE S2RET Holk 47,014
E%oH[4], ol= olA} FEQ FHOE A HF UL £ AHEo] YolaZ AAIRTH5]. BHE A
I} 39] SH A5 XRD #4] 23}, A3 2004 ¥HEeh F S22 AlRoA A2 Tt P9 E 4
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Helium study as an active fault distribution indicator near the Pohang EGS site

25|Z=1* 0|37 0K 2123, 0]3d0)?, Q2?2 0|24 Takanori Kagoshima®, Naoto Takahata®, Yuji Sano®
Heejun Kim'*, Hyunwoo Lee’, Jaemin Lee 23, Hyun A Lee2, Nam Chil Woo?, Youn-Soo Lee? Takanori Kagoshima®,
Naoto Takahata®, Yuji Sano®
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A study of 50|I CO2 qux for identifying active fault dlstrlbutlon

E™HE" O[3, H3&E
Jungpyo Hong*, Hyunwoo Lee, Heejun Kim
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B, AL X9 5 et AFgAlAEe] IR E oYl Rt SRl FAES T T TR EE S0l &
Aghetar d#A et 201619 99 12Y00 TS A5 A3 9 HZ7HA] EAstAL Qs ARE0] FAHS:
4 7 HS= oq;,}gq UL o AZITE whehA, ko= X[Xlo] AT o] &2 &4 TeHe EX
£ Tetol= A7t 3E ] ARASE AR 4 s o] 8 HH o] F A £ AtolA= AE
T B3F 349, 2% Z]Oﬂoﬂ’ﬂ A GE 9 3ol w=o] Q& 7ol e AGolA EYollA f&
E= oileigt Aol EYAE SACIGI, BAsH YA BA4F 59l ol4tetetao 7] o] aAt sheith
B o|AkslErA 9] £ AL accumulation chamber methodE ©]85t0] &390 2 8&4(98

>.

gm2d™! ~ 77,699 gm?d ")t EH(1.3 gm2d™! ~ 1,240 gm?d ")) BEOJA] 52 EAgto] HAFIT
AFAGol| A 9] olatstera EAgho] BASHY £ E AT EH high flux (98 gm™d™! ~ 77,699 gm"
2d D9} low flux (1.3 gm™2d™! ~ 70 gm 2d™ ) T 1F0 & FEEY high flux S AFA 859 4 E
FollA vebdt. High fluxgto] Ueh= 3to] &4 93tiet & o #eo] Sitkal st o] A|l=E9]
S YUAH](613C-CO, )= AA EE0l4] -9.85 ~ -7.44%, EY7IA| A=A E -21.05 ~ -14.77%
9] H191E Uehdtt, ol=gt A= &= oAt art AR 71 9 5O BETH 7|YE BF A
o G504 EFOR HiEE= 5t o] F 7199 Eto] Lot A AR,
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Tephra Falls Found on the East Sea Floor Occurred by Eruptions of Mt. Baekdu

82|, @523~ o[-y THER3
Hyeri Kim', Sung-Hyo Yun'23* Jeonghyun Lee3 Cheolwoo Chang?
T2 A fstn mRrfske X| st iR FZ yunsh@pusan.ac.kr

eRdcheln X2l
HAITH5} 3 SlAHESIOIAMIE]

A, FAJok, tigtel= 5ol ofsto] AJPE Fof sHAE A& sfA AT ool thet A+ A=A o
0] WAk 7)o R AT 4 Sl HlmeHEHEA/ah-2])7E Q1A = QL. O]E% ELES Sl RIS R
SHexplosive eruption)Z FHE EAFE} S50l AEV|HF 4 HAZOE Bl Fof £0= SHil
A 7] FollA] Yokd ZdotehitA(fallout ash) 71902 A=}, gxﬁw}x} SRl WEAL 7o R
F4%E g Zek= B-Og (Baekdusan-Oga tephra; 448 ka; Shirai et al., 1997), B-Ky 2 (Baekdusan-
Kita Yamato 2 tephra; 196 ka; Chun er al., 2006), B-Ky 1 (Baekdusan-Kita Yamato 1 tephra; 130
ka; Chun et al., 2006), B-Ym (Baekdusan-Yamato tephra; 85.8 ka; Lim et al., 2013; Ikehara, 2015),
B-Sado (Baekdusan-Sado tephra: 67.6 ka: Lim et al., 2013; Ikehara, 2015), B-J (Baekdusan-Japan
Basin tephra; 50.6 ka; Chun et al., 2006; Lim et al., 2013; Ikehara, 2015), B-Unl (Baekdusan-
Unknown tephra; 38.3 ka; Sakhno, 2008; Gorbarenko et al., 2015), B-V (Baekdusan-Vladivostok
tephra; 24.5 ka; Machida and Arai, 2003; Lim et al., 2013; Ikehara, 2015), B-Tm (Baekdusan-
Tomakomai tephra; 946 AD) 50| €& A Qlc}. wi=At0 2 HE| 200 kmollA] 1,000 km A 2]9] 53} 34
of Hole shHES, WiFito] el H4 Eote vhsoldl EAFet sk F-50] AE7| 7t |
MEOE Bl o] 55t A FofEtt Y& Yotste] EAE A0, A47]9] WA SRR 4x(Volcani
Explosivity Index; VEI) 4 o]A}9] 24 qJESFE A Aloh= Z 0.2 SfA =t

-|-‘
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Groundwork to build up Korea Did You Feel It (DYFI)
system in the Korean Peninsula

Hwasung Cheon'*, Junkee Rhie?, Seongryong Kim?

'The Research Institute of Basic Sciences, Seoul National University, hscheon@gmail.com
2School of Earth and Environmental Sciences, Seoul National University
3Department of Geological and Environmental Sciences, Chungnam National University

The Seismic intensity is an important factor in terms of the seismic hazard because it
categorizes felt ground shaking and damage. Generally, the intensity is obtained through field
investigation or by instrumental intensity converted from seismograph observations, empirically.
Unlike the conventional approach, USGS Did You Feel It (DYFI) system has collected intensity
information based on real-time online surveys since the early 1990’s. After the 2016 Gyeongju
and 2017 Pohang earthquakes (EQs), it has been proposed that we need to compile intensity
information for strong ground motion rapidly even in Korean Peninsula. This means that DYFI
can play an important role in a next-generation intensity collection system. In this work, we
verified the applicability of the DYFI system to earthquakes occurred in the Korean Peninsula
together with additional modifications. We derived a relationship between community
responses in the USGS DYFI (i.e., Community Weighted Sum; CWS) and Korean-peninsula-
optimized Community Decimal Intensity (KCDI ~ 0.47+0.27 x CWS), by comparing the CWS with
intensity values reported by the Korea Meteorological Administration for Gyeongju and Pohang
earthquakes. The intensity-distance relationship from this study shows a higher linearity than the
raw data of the USGS DYFL. Furthermore, the maximum intensity (KCDI = 7.2) is more comparable
to that from the field measurement (VIII) than the USGS’s original value (6.6) in the Pohang EQs.
Intensity distribution maps from the KCDI values present more reliable radiation patterns and
site effects than results using the conventional felt intensity reporting. From this, we confirm that
the intensity distributions based on the community responses can be even more useful near the
epicenter than instrumental observations in the case of regions with enough community reponses

though the lack of seismic stations.
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Provenance interpretation of iron artifact based on petrography and geochemical
properties of iron ore, smelting iron and slag
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The Present Status and Improvement of The Geopark Vistor Center in Korea
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A proposal for joint World Heritage nomination of Mt. Seoraksan and Mt.
Kumgang between South and North Korea
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The Ordovician succession of the Taebaek Group
revisited: old conodont data, new perspectives
and implications

Se Hyun Cho'* Byung-Su Lee?, Dong-Jin Lee3, Suk-Joo Choh'

'Department of Earth and Environmental sciences, Korea University, whtpgus307@korea.ac.kr
?Department of Earth Science Education, Chonbuk National University
3College of Earth Sciences, Jilin University

Recently revised North China (Sino-Korean) Block conodont biostratigraphy utilizing widely
distributed taxa as index species and integration of other fossils reconfirmed two platform-
wide hiatuses within the Ordovician deposits. We recompiled all available Ordovician conodont
data from previous studies of the Taebaek Group of the Taebaeksan Basin and applied the
revised North China Ordovician conodont biostratigraphic scheme. The recompiled Ordovician
Taebaek Group conodont data conform well with the middle Tremadocian, lower Floian, and
middle Darriwilian biozones of North China. The overall conodont distribution patterns, the
occurrence of endemic species found only in North China, and the presence of an Upper
Ordovician to Carboniferous hiatus reaffirms the close relationship of the Taebaeksan Basin to
the North China. In addition, the absence of middle Floian to lower Darriwilian conodonts in the
Taebaek Group raises the possibility of the presence of a hiatus in the Lower Ordovician deposits,
similar to platform-wide hiatus of North China. We suggest that a previously unrecognized
disconformity occurs at the uppermost contact of the massive dolostone interval (the basal
member) of the Makgol Formation. This inference is based on the sudden abundance of middle
Darriwilian conodonts in the overlying strata; field evidence of a sharp, truncated surface
that includes dolomitic clasts from the underlying bed; and the presence of local brecciation
and oversized vuggy pores in the uppermost part of the massive dolostone interval. Ongoing
conodont investigation from the Makgol Formation at Seokgaejae section implies the presence
of Tremadocian-Floian boundary within the massive dolostone interval and abundant occurrence
of middle Darriwilian conodonts within the cyclic limestone interval immediately overlying the

massive dolostone interval.
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Stratigraphy of the Jurassic Kirkpatrick Basalt,
Antarctica: a virtual field trip

Jusun Woo'*, Donghyeok Kang', Myeongho Seo? Mi Jung Lee3, Jong Ik Lee?

'School of Earth and Environmental Sciences, Seoul National University, jusunwoo@snu.ac.kr
2Soma Design
3Division of Polar Earth-Sciences, Korea Polar Research Institute

The Jurassic Kirkpatrick Basalt (KB) in the Transantarctic Mountains, Antarctica is a thick (ca. )
1000 m) succession of continental flood basalt (CFB) and forms a part of the Ferrar Large Igneous
Province. KB is superbly exposed along 80-km-long outcrop belt of the Mesa Range, northern
Victoria Land, Antarctica and provides a good test bed for applying facies concept for CFB. In
order to facilitate physical correlation and understanding 3D relationship of flow units, Korea
Antarctic Geological Expedition (KAGEX) acquired unprecedented data set of KB stratigraphy in
Mesa Range by airborne photogrammetry with resolution of several meters. Previous researches
and preliminary results of KAGEX data show that KB consists of “classic” tabular lava, ponded
lava, compound-braided lava, lava-delta, and intervening lacustrine “facies”. These “facies”
are waiting for more elaboration in terms of their petrography, intra-flow characteristics, and
spatial association among facies. Detailed mapping of basalt flow facies is expected to show
flow direction of lavas and development of geographic features, including large water masses, on
the lava field. The integrated result will be a systematic facies model to describe, interpret, and

predict depositional characteristics of CFB.
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A comparative study on supervised machine learning
models for assessing groundwater contamination
vulnerability index of Miryang aquifer, Korea

Hussam Elzain* Sang Yong Chung

Institute of Environmental Geosciences, Department of Earth & Environmental Sciences, Pukyong National University,
halzain944@gmail.com

The assessment of groundwater contamination vulnerability has become a valuable tool for
groundwater pollution management and prevention. DRASTIC index proposed by Aller et al. (1989)
is the most common groundwater vulnerability assessment approach to pollution. Irrespective of
its advantages, the DRASTIC model has some drawbacks, mainly the subjectivity of determining
rates and weights of the vulnerability factors. This inherited subjectivity leads to introduced errors
to the final model assessment. The main objective of this research is to implement supervised
machine learning models such as artificial neural networks (ANN) and adaptive neuro-fuzzy
inference system (ANFIS) for assessing the groundwater vulnerability index in the Miryang aquifer,
Korea. The eight factors of Depth to water, net Recharge, Aquifer media, Soil media, Topographic
slope, Impact to vadose zone, Hydraulic Conductivity, and Land-use were normalized and used
as inputs for modeling procedure. Due to the uncertainty to calculate the real value of the
vulnerability index at each well, the index was conditioned using nitrate concentration values
according to 95 wells to produce a conditioned vulnerability index (CVI). ANN and ANFIS models
were trained using CVI as output for the training and testing stage. The evaluation of each
supervised models was performed using benchmarked statistical criteria such as MAE and RMSE.
The models were also verified by employing ROC/AUC curve values. The statistical results of
testing data indicated that ANFIS model (RMSE=16.79; MAE=1.001, and AUC=0.704) rendered the
better result compared with the ANN model (RMSE=19.34; MAE=8.70, and AUC=0.66). It is due to
the advantage of ANFIS combined with fuzzy logic. The spatial distribution maps produced by
supervised machine learning showed more accuracy for determining the locations of the polluted
areas with nitrate concentration compared with the original DRASTIC index. In conclusion,
the assessment of the groundwater contamination vulnerability indices using machine learning

models was relatively more reliable compared to the original DRASTIC method.
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Is it possible that the hydraulic test analysis is skewed
due to excessive injection or extraction?

Sung-Hoon Ji*, Byeong-Hak Park, Kyung-Woo Park

Radioactive Waste Disposal Research Division, Korea Atomic Energy Research Institute, shji@kaeri.re.kr

Excessive injection or extraction during a hydraulic test in fractured crystalline rock may
introduce non-Darcian flow and influence the results of the test. In this study, we conducted
pulse, slug and constant head withdrawal tests at an underground research facility, KAERI
Underground Research Tunnel (KURT). The influences of non-Darcian flow on the hydraulic tests
were analyzed by estimating the changes of Reynolds numbers (Re) and fitting the hydraulic test

results to the Forchheimer equation. Based on the results, we discussed the possible distortion of

the estimated hydraulic conductivities from pulse, slug and constant head withdrawal tests, and
evaluated the applicability of those tests in terms of the safety assessment for a subsurface high-

level radioactive waste disposal repository.
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Paleoproterozoic igheous and metamorphic activity in
the Jiao-Liao-Ji Belt, North China Craton and its tectonic
implication: a review

Xiaohan Wang* Chang Whan Oh

Department of earth and envrionmental science, Jeonbuk National University, owen2177@163.com

The Jiao-Liao-]Ji Belt has been studied for more than three decades. It is certain that the Jiao-
Liao-Ji Belt bounded the Longgang Block in the north and the Nangrim Massif in the south to
form the eastern part of North China Craton. However, the tectonic evolution of this process
is still under debated. In this paper, we are trying to combine all available Paleoproterozoic
igneous and metamorphic information from Jiaobei (Jiao), Liaodong (Liao) and Jinan (Ji) areas
to summarize the tectonic evolution. Basically, the igneous activity can be divided into three
episodes: 1) 2.18-2.13 Ga, felsic intrusions, 2) 2.13-2.06 Ga, mafic intrusions, and 3) 1.87-1.84 Ga,
porphyritic granite and syenite intrusions. Although three episodes of igneous intrusions were
found, the Jiao-Liao-]Ji Belt did not record metamorphic ages older than 1.95 Ga but only 1.95-1.87
Ga and 1.89-1.83 Ga metamorphism. The 1.95-1.87 Ga metamorphism is considered as the result
of continental-continental collision and the 1.89-1.83 Ga metamorphism is believed as related
with 1.89-1.83 igneous intrusion and post-collisional activity. In addition, the most important
argument focused on P-T paths during 1.95-1.83 Ga. Around 2000, counterclockwise P-T paths
were discovered along the southern part of Jiao-Liao-Ji Belt, whereas these counterclockwise
P-T paths were challenged by recent studies depending on pseudosection results, which seems
more reliable. Therefore, according to the these studies, we suggest Jiao-Liao-]Ji Belt experienced
clockwise P-T paths and continental-contiental collision during 1.95-1.87 Ga. In the end, by
combining all above information and geochemistry data, we would like to propose a southward

subduction model following with the post-collisional tectonic evolution at 1.89-1.83 Ga.
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Correlation of the Paleoproterozoic magmatic and metamorphic events in the
Gyeonggi and Yeongnam massifs and its tectonic implication
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Age and the tectonic setting of the Neoproterozoic
igneous activities in the Gyeonggi Massif of Korean
Peninsula and its implication for the tectonics of
northeast Asia

Bo Young Lee* Chang Whan Oh

Department of Earth and Environmental Sciences and The Earth and Environmental Science System Research Center,
Jeonbuk National University, dighdud4486@naver.com

The Neoproterozoic rocks related to the formation and break-up of the Rodinia supercontinent were reported in the
North and South China Cratons and Korean Peninsula. We studied the Neoproterozoic igneous rocks in the Gonamsan
and Chuncheon areas in the northern Gyeonggi Massif and those in the Dangjin area in the southwestern part of the
Gyeonggi Massif in Korean Peninsula. The Gonamsan and Chuncheon metabasites in the northern Gyeonggi Massif
intruded in a within-plate tectonic setting at ca. 851-873 Ma and 888 Ma, respectively. The Nb/Yb ratios (7-23) of these
metabasites represent enriched mid-ocean ridge basalt (E-MORB) to ocean island basalt (OIB) characteristics. Most zircons
found within the Gonamsan metabasites have positive eHf(t) values and Paleoproterozoic to Mesoproterozoic isotopic
model ages (Tp,,). These metabasites have initial 87Sr/8°Sr ratios that range between 0.7033 and 0.7058 and eNd(t)
values of-0.68 to 5.02. These geochemical characteristics of these metabasites indicate that these rocks formed in a rift-
related environment. The Neoproterozoic metabasites in the Dangjin area can be can subdivided into arc and rift types.
The arc-type metabasites formed at 833-793 Ma. These metabasites have Nb/Yb ratios of 4-7, Nb/U ratios of 3.58-27.5
and show an increase in Th/Nb ratios with increasing La/Sm ratios. Most zircons from these metabasites have negative &
Hf(t) values and Paleoproterozoic-Archean TDM2 ages, except one that has positive eHf(t) values and a Mesoproterozoic
T2 age. Most these metabasites have initial 87Sr/8%Sr ratios of 0.7048-0.7105 and negative eNd() values from-11.67 to-
5.25. These geochemical characteristics indicate that the arc-type Dangjin metabasites experienced crustal contamination
during differentiation in an arc tectonic environment. The rift-related Dangjin metabasites intruded at ca. 793 Ma in a
similar manner to the Gonamsan and Chuncheon metabasites. The Nb/Yb ratios (8-11) of these metabasites are higher
than those of the arc-type metabasites. These metabasites have lower initial 87Sr/8°Sr ratios of 0.704 and higher eNd(t)
values of 1.96 than the Dangjin arc-type metabasites. Together with the results of previous work, this study indicates that
the tectonic setting of the Dangjin-Hongseong area was an arc during the period 820-900 Ma and then changed into a rift
during the period 703-793 Ma. In the previous studies, the followings were reported. The Sangwon system in the southern
margin of the Nangrim Massif deposited after 984 Ma and was intruded by Sariwon mafic sills at 899 Ma. The Sangwon
system was correlated to the Qingbaikou system in the North China Craton. Alkaline igneous rock intruded at 742 Ma
within the rift-related tectonic setting in the Gamaksan area. In the Gapyeong, rift related magmatism also occurred at 846
Ma. Considering that rifting related igneous activity started from ca. 700 Ma in the South China Craton, the Gonamsan,
Chuncheon, Gamaksan and Gapyeong areas in the northern Gyeonggi Massif can be correlated to the Qingbaikou system
in the North China Craton together with the Sangwon system during the period 830-930 Ma. On the other hand, the
Neoproterozoic igneous rocks in the southwestern Gyeonggi Massif can be correlated to the Neoproterozoic arc- and rift-
related igneous rocks in the northern margin of South China Craton, which intruded during 850-871 and 637-820 Ma,

respectively. More study will be needed to confirm this correlating between Korea and China.
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The origin and tectonic meaning of the Neoproterozoic
sedimentary and igneous rocks in the Gogunsan Islands

Won Jeong Kim* Chang Whan Oh

Earth and Environmental Sciences, Jeonbuk National University, kwj2205@hanmail.net

In the Korean Peninsula the Neoproterozoic rocks recognized in several locations including the
Okcheon Belt and northern and southern Gyeonggi Massif. Those rocks provide important insight
for interpreting the Neoproterozoic tectonic processes between the Korean Peninsula and China.
Neoproterozoic sedimentary and intrusive rocks occur in the northern part of Gogunsan Islands,
which consist of Maldo, Myeongdo and Bangchukdo islands and locate in the southwestern
margin of the Gyeonggi Massif. The Gogunsan islands consist of two Neoproterozoic formations
(Maldo and Bangchukdo Formations) with felsic and mafic intrusive rocks. The Maldo Formation,
deposited during 1156-894 Ma, was intruded by felsic and mafic igneous rocks during 930-
893 Ma in an arc tectonic environment. And the Maldo Formation underwent intermediate-P/
T metamorphism (3.2-5.5 kbar and 454-480C), indicating collision event. Whereas, in the
Bangchukdo Formation, deposited after 818-790 Ma, sedimentary structures including ripple
mark and cross-bedding are well developed without strong deformation. In addition, the modal
analysis on the sandstones in the Bangchukdo Formation indicates that it deposited in a rifting
tectonic environment. The Neoproterozoic metabasites in the Gogunsan islands are divided
into two groups; the first group with >15% MgO contents represents a cumulate whereas the
second group with {15% MgO contents formed from melt. According to the recent studies, the
Neoproterozic igneous rocks were formed in the subduction zone along the southeastern margin
of the Yangtze block before the collision between the Yangtze and Cathaysia blocks within the
South China Craton. And after the collision, Nanhua rift formed between Yangtze and Cathaysia
blocks during 825-750 Ma. The data in this and previous studies suggest that the 930-893 Ma
metabasites formed in arc environment and 818-790 Ma rift-related sedimentary rocks in the
Gogunsan Islands can be correlated to the Neoproterozoic igneous rocks formed in subduction
zone along the southeastern margin of the Yangtze block and the Neoproterozoic sedimentary

rocks deposited in the Nanhua rift after collision within the South China Craton, respectively.
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The tectonic evolution from Neoproterozoic to Triassic in
Jangbong Island in the northwestern Gyeonggi Massif on
the Korean Peninsula

Ji Wan Jeong'* Chang Whan Oh', Deung-Lyong Cho?

'Department of Earth and Environmental Sciences and The Earth and Environmental Science System Research Center,
Jeonbuk National University, jiwan314@naver.com
2Geology Division, Korea Institute of Geoscience and Mineral Resources

The Korean Peninsula is located at the eastern end of the Eurasian Plate, and the geological
correlation between the Korean Peninsula and China is important for the interpretation of the
geological evolution of Northeast Asia. Jangbong Island is located in the northwestern coastal
area of the Gyeonggi Massif (GM) in the central part of the Korean Peninsula. The aims of
this study are to determine the age of intrusion and metamorphism of mafic igneous rocks in
Jangbong Island and the tectonic evolution of the northern GM including Jangbong Island. The
basement of Jangbong Island consists of Paleoproterozoic gneiss and covered by Neoproterozoic
metasedimentary rocks such as pelitic schist, calc-schist, and quartz schist. These rocks were
intruded by mafic dikes that were metamorphosed to amphibolite. All rocks in the study area
were intruded by Triassic gabbro and granite. The U/Pb zircon analysis using LA-ICPMS, gives the
intrusion ages of 911 + 72 Ma and 934 + 44 Ma for metabasites. The whole rock geochemistries
indicate that Jangbong Island metabasites are all alkaline basalts and mostly tholeiitic and formed
in a within-plate tectonic setting. Two metamorphic ages of 254 Ma and 231 Ma were obtained
from metabasites with an intrusion age of 911 £ 72 Ma. On the other hand, one metamorphic
age was obtained for other metabasites which give metamorphic age of 255 Ma and 229 Ma,
respectively. Zircons with metamorphic ages of 254-255 Ma have lower trace element pattern and
Th/U values than zircons with metamorphic age of 231-229 Ma. In the study area, two different
metamorphic stages are confirmed: the first was intermediate-P/T peak metamorphism (700-
600C /8.7-6.8 kbar), and the second was low-P/T retrograde metamorphism (600-500C/5.7-
3.1 kbar) showing a clockwise P-T path. The Triassic gabbro yields an intrusion age of 229 Ma
and formed in a post-collisional tectonic setting with Triassic granite. The 911-934 Ma rift-
related mafic intrusion is well-matched with the Neoproterozoic rift-related mafic intrusions
in the northern GM and along the southeastern margin of the North China Craton (NCC). The
254-252 Ma intermediate-P/T peak metamorphism is well-matched with the collisional event
in the northern GM, and the 232-230 Ma low-P/T metamorphism and 229 Ma post-collisional
igneous activity are well correlated with post-collisional events in the northern GM. Together with
previous data, these data support the correlation between the northern GM and the NCC.
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Mesozoic Mineralization in Korea
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AW sHIgE2 7 AFA Yo w o2 242 E X3t S Heloh Edfolopay]ols F-F=H
B(post-collsional type) 3385 (Seo et al., 2010), F2F7]ol= A B (orogenic type) 3H3&s, 12
1 57] Wot7] o= S-FA @ (post-orogenic type) BHIEE & AJol5HA F ¥ ATHKim, 1971a). ©]
213k Pl A|5FekA /BE5HE SR ofy gt AR L] ARt ZolE UE AL 9l2™(Cho and
Kwon, 1994), A1&AHol| wet Z2k2F A2 Aolek A|GeA = WAsHITHChoi et al., 2005b; Choi and
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At 7Y E H|Ero] E SHATE 2 B B ATHKIm et al., 2016; Seo et al., 2016). S 255351282
BE A7) 37158 ARG 27)0] 24 15H AFAS Ho|H(Kim, 1971; Shimazaki et al., 1986; So
and Shelton, 1987; Park et al., 1988a, 1988b; Oh, 1999; Choi et al., 2005a), #* 4715 & SHLE
Egjojojry] -ZEUY sHISsT AAE S488F-80] A2 B1E 1L QtKSeo et al., 2015; Kim er
al., 2016). A57HA HE F 15670 2478432 EgfolotA7], Fgt7] A7] ®et7], 7] wWetry] 9 A|47]
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< HQlt} o] gt AMAE A 0 & A R4 FAH EgtolotAr| W F2}r] pttA|e} Hsto] HE &7
oA ZXE Wel7] SPFAAY AFFT7E S5 =2 B2 AAHE YER L Qi SR AAHE
(Cho and Kwon, 1994; Hong, 2001; Hong and Cho, 2003; Uchida et al., 2012)°] wte} H&=+= I3t
FAY A543 W2 s, vy E4719e] a4 3304 7] wioly] o] % PX|H sH
UA7F AEE o2 HE AE & 245 AL itk T3, ST a4584 729 7he S tiERA
£+ 0|5 HlE §7]|2-g02 7] uiel|(eF 100 Ma) o] Hol A4 FA2 & FA2R8o] oJsto] T
£ AAEULL, RAR B T AFAE A FH F FPTo] YF ZEskaL ItkChoi er al.,
2005a). ?HH £7] ¥t7](2F 100 Ma) o]¥ P49 S&542 Aot A4 sHIUAE SHo=E 34
H EXFA= Hol1L Qith. 59| of2{3t 7] wWioly] SPA| 5 3] 37 thEA I A=A AR
B Pl FAAL 2FH(88.1 Ma; Lee et al., 2010)2F 44 3P39H89.0 Ma)2] AHE-E wie} $7] wiof
71(2F 95~85 Ma) &/Hla4 349 Uyd B /do] H11H vt QlthReedman et al., 1973).
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The interpretation of mid-Cretaceous tectonic
environment of the Korean Peninsula and Northeast Asia
based on the age and geochemistry of the mid-Cretaceous

volcanic rocks in the Jinan Basin

Seung Hwan Lee'?* Chang Whan Oh', Jung-Woo Park?

'Department of Earth and Environmental Sciences and The Earth and Environmental Science System Research Center,
Jeonbuk National University, leseha2002@naver.com
2Geological Research Division, Korea Institute of Geoscience and Mineral Resources
3School of Earth and Environmental Sciences, Seoul National University

Most of the mid to late Creatacous igneous rocks in the southeastern margin of South China Cratons and North
China Cratons are interpreted to be formed due to upwelling of asthenospheric mantle caused by the back arc extension.
However, it is uncertain that which tectonic environmnet formed Cretaceous igneous rocks in the Korean Peninsula. The
Jinan Basin is one of the Cretaceous pull part basins in the southern Korean Peninsula and the volcanic rocks in it give
important data which can solve the uncertainty. In the Jinan Basin, sedimentation had started at least from 97.7 Ma and
continued until 89.5 Ma. The sedimentary sequences were intermittently extruded by rhyolitic and andesitic magma at 90-
89 Ma, and finally intruded by basaltic trachyandesite at 84 Ma. The volcanic rocks in the Jinan Basin show geochemical
features of strong enrichment in large ion lithophile elements and light rare earth elements relative to high field strength
elements. The mafic and intermediate volcanic rocks are distinguished from the typical continental arc magmas by
enrichment in incompatible elements such as Y and Zr with high Zr/Y, suggesting that they originated from an enriched
source. The basaltic trachyandesites and andesite have Sr isotope ratios (87Sr/#°Sri) of 0.708769-0.709484 and Nd isotope
ratios (13Nd/'4Ndi ) of 0.511782-0.511886, which indicate that they formed from mantle which was contaminated
with ~25% of crustal component in their petrogenesis. The Pb isotope data (2°°Pb/294Pb = 17.572-18.158, 207Pb/24Pb =
15.535-15.640 and 2°Pb/?4Pb = 38.366-38.921) suggest that the crustal component should have experienced a prolonged
evolution. The Mg# (46-57) and Cr contents (40-180 ppm) in the mafic to intermediate rocks higher than typical crustal
melts at a given range of SiO,, demonstrate that they evolved from a mantle-derived primary magma. We attribute the
crust-like geochemical and isotopic signature of the Jinan mafic and intermediate igneous rocks to partial melting of
enriched lithospheric mantle metasomatized by subduction components and subsequent crustal assimilation during
magma ascent and pooling at the mid-crustal depth of ~9-10 km. These data represent that the mid-Cretaceous volcanic
rocks in the Jinan Basin formed in the back arc extensional tectonic setting. The mid-Cretaceous basaltic volcanic rocks
in the Yeongdong and Gyeongsang Basins locating in the other part of the southern Korean Peninsula, show similar
geochemical character indicating that they also formed in the back arc extension environment. These results indicate that,
along the eastern margin of the Northeast Asia including Korean Peninsula and eastern North and South China Cratons,
mid-Cretaceous igneous activity occurred in the back arc extension environment due to the slab-rollback and steepening
of the paleo-Pacific plate subducting underneath the Northeast Asia including Korean Peninsula. The slab-rollback
caused lithospheric thinning and upwelling of asthenospheric mantle during the mid-Cretaceous, which caused partial

melting of the fusible parts of the lithospheric mantle that had been metasomatized by hydrous subduction materials.
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Review on Cretaceous magmatism in the Korean Peninsula
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Zircon U-Pb ages and geochemical signatures of the
Kurosegawa belt, Southwest Japan, as an Early Paleozoic
continental fragment

Kenta Kawaguchi

Earth and Environmental Sciences, Jeonbuk National University, kentakawaguchi2@gmail.com

Most of the Japanese Islands are consisting of the Mesozoic to Cenozoic accretionary complex, high
Pressure/Temperature (P/T) type metamorphic complex and arc igneous rocks formed as a result of
the continuous ocean subduction. This marks large contrast between the geology of Asian continent
which mainly consisting of the ancient continental blocks. This makes it difficult to reconstruct the
original position of the proto-Japanese Islands as a part of the eastern margin of the erstwhile Asian
continent. However, scattered small blocks, likes the fragment of the continental crust are sporadically
found in the Japanese Islands such as the Hida belt (Permo-Triassic plutono-metamorphic complex
and Early Jurassic granite), Kurosegawa belt (mainly Barly Paleozoic granitoid and metamorphic rocks),
and South Kitakami belt (mainly Early Paleozoic igneous rocks and Ordovician-Cretaceous strata).
These belts possibly hold a key to reconstruct the paleo-position of the proto-Japanese Islands. Among
them, this report focus on the Early Paleozoic granitoid in Kurosegawa belt using the geochemical and
geochronological data. Tonalite samples collected from the westernmost Shikoku Island, Southwest
Japan yielding the LA-ICP-MS zircon U-Pb ages of 471-468 Ma. Most of the measured zircon grains
display the oscillatory zoning as evidenced from the CL images. Th/U ratio of the concordant data
from these samples show the value between 0.15-0.39. Hence, these ages are considered as indicate
the magmatic timing. They show the volcanic arc setting as evidenced from the geochemical
discrimination diagrams using Nb vs Y, and Rb vs (Y+Nb), and the depletion of Nb, Ti, and P. Recently,
geochronological and geochemical data of the granitoid in Kurosegawa belt are accumulated. Most
of them are consisting of the arc type granitoid and show the scattered zircon U-Pb age between
476-432 Ma (Hada et al., 2000; Osanai et al., 2014; Aoki et al., 2015; Kawaguchi et al., 2020). Most of
the Early Paleozoic granitoid in Kurosegawa belt are found as a lenticular bodies within the Permian
to earliest Cretaceous (mainly Jurassic) accretionary complex named “Chichibu belt”. However, based
on the Kawaguchi et al. (2020), Early Paleozoic Kurosegawa rocks are occurred not only within the
Chichibu belt. This imply that originally the Kurosegawa rocks were widely distributed at the southern
part of the Southwest Japan. As a result of the later modification, most of the Kurosegawa rocks were
eroded off. Along the East Asia, Early Paleozoic arc igneous rocks are widely distributed for instance
the Cathaysia block as well as the Indochina block. The origin of the Kurosegawa rocks are crucial to
reconstruct the paleo-geography of the proto-Japanese Islands.
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The tectonic relationship between the Korean
Peninsula and China based on the geologic events from
Paleoproterozoic to Triassic

Chang Whan Oh

Department of Earth and Environmental Sciences and The Earth and Environmental Science System Research Center,
Jeonbuk National University, ocwhan@jbnu.ac.kr

The basement of the Korean Peninsula consists of the Kwanmo, Nangrim, Gyeonggi and
Yeongnam Massifs from north to south. The Gyeonggi Massif is divided into the northern and
southern Gyeonggi Massifs by the Permo-Triassic Hongseong-Odesan collision belt which was
confirmed by 250 Ma eclogite in the Hongseong area and 230 Ma post-collision igneous rocks
within the northern Gyeonggi Massif and is regarded as an extension of the Dabie-Sulu collision
belt between the North and South China Cratons (NCC and SCC). The Neoproterozoic igneous
rocks in the Sangwon System located in the southern margin of the Nangrim Massif and those
in the northern Gyeonggi Massif formed in the rift tectonic setting during 890-760 Ma and can
be correlated to those (940-810 Ma) in the southeastern margin of the NCC. On the other hand,
in the southwestern Gyeonggi Massif, there are two types of Neoproterozic rokcs; one is the
subduction related igneous rocks formed between 890-790 Ma and the other is the rift related
igneous activities occurred during 790-700 Ma with post collisional igneous activity between 840-
810 Ma. These Neoproterozoic rocks can be correlated to the two types Neoproterozoic rocks
in the northern margin of the Yangtze Block within the SCC. Neoproterozoic rocks were also
found in the Ogcheon (Okcheon) Metamorphic belt which was correlated to those in the Nanhua
rift between the Yangtze and Cathaysia Blocks within the SCC based on the similar TDM modal
age, Nd isotopic data and geochemical characters of Neoproterozoic rocks in both areas. The
Paleoproterozoic rocks in the Nangrim Massif and northern Gyeonggi Massif occurred due to the
collision between the Nangrim Massif and the northeastern NCC along the Jiao-Liao-Ji belt. Due
to collision, the Nangrim Massif and northern Gyeonggi Massif became a part of the NCC. These
data suggests that the Nangrim and northern Gyeonggi Massifs can be correlated to the NCC and
the southern Gyeonggi and Yeongnam Massifs, to the Yangtze and Cathaysia Blocks within the
SCC, respectively.
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Identification of sediment provenance in Amundsen Sea
continental rise using elemental composition and cation
exchange capacity of smectite
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Recent models suggest that most of the West Antarctic Ice Sheet (WAIS) is grounded below
sea level and historically, is unstable and susceptible to retreat, causing dramatic sea level
rise. However, modeling are limited most notably in lack of detailed reconstructions of glacial
history. Here, sediment cores (BC480, BC488, PC494, BC495) from the Amundsen Sea and core
(BC502) from South Pacific basin was analyzed to trace sediment provenance in Amundsen Sea
continental rise during glacial-interglacial period. These records may provide insight into the
sediment provenance, sedimentation processes, variations in ocean circulation, ice sheet growth
during glacial-interglacial period. Elemental composition of smectite was investigated at a nano-
scale using transmission electron microscopy (TEM) to distinguish the various types of smectites
in order to verify the sediment provenances with certainty. The Kolmogolov-Smirnov test (K-S
test) was performed to analyze statistical difference in terms of their elemental composition
of smectite between sediment core and sediment sources. Furthermore, the difference of the
elemental composition according to the various types of smectite may cause the variation of
charge valance of smectites, and may affect the cation exchange capacity (CEC). Interglacial
smectites have higher CEC value than glacial smectites, indicating that interglacial smectites
were supplied from the multiple sediment provenance. Therefore, these results demonstrated that
elemental composition of smectite and CEC of smectite with the clay mineral assemblage as an

essential tool for differentiate the origin of the sediment.
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The last interglacial - an analogue for the future warming crisis?
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Evolution of atmospheric nitrous oxide for the last 100
years: Insights from the stable isotope values of firn air
at Styx Glacier, East Antarctica

Sambit Ghosh'* Sakae Toyoda? Jinho Ahn', Youngjoon Jang', Naohiro Yoshida?3

'School of Earth and Environmental Sciences, Seoul National University, sambitiu@gmail.com
?Department of Chemical Science and Engineering, School of Materials and Chemical Technology, Tokyo Institute of Technology
3Earth-Life Science Institute, Tokyo Institute of Technology

The increasing trend in atmospheric greenhouse gas (GHG) mixing ratio has been believed
to be the primary driver for the ongoing global warming. Among the GHGs, the mixing ratio of
nitrous oxide (N,0) has increased by 20% since 1750. In comparison to other GHGs species, N,0
has a long residence time with a capacity to destruct the ozone layer and its Global Warming
Potential is about 300 times greater than that of CO, over 100 years. However, the temporal
changes in magnitude and geographic distribution of different N,O sources are uncertain, hence,
understanding the dynamics of atmospheric N,O has been a challenge to the researcher during
the last few decades. Here, we present new stable isotope data of N,O from the firn air at Styx
Glacier, East Antarctica to comprehend the atmospheric evolution for the last 100 years. Our
results suggest that the N,O mixing ratio shows an increasing trend, whereas the ¢ >N°%/* and ¢
180 values decrease during the last 100 years, which is in agreement with the existing firn air
records. The progressive increase in the N,O mixing ratio and the decrease in the isotope ratios
suggest higher contribution from the anthropogenic sources assuming the nitrogen flux from
the natural sources is constant. Our box model analysis using the stable isotope and mixing ratio
data of N,O of Styx firn air suggests that the anthropogenic sources from the land has increased
by 50% during the last 100 years. The box model calculation with Styx and other firn air and ice
core data suggests that in comparison to pre-industrial era, the total N,O emission has increased
by ca. 57% over the last 100 years, where ca. 64% and 36% contributions are from natural and
anthropogenic sources, respectively to the total N,O emission at present. Although there is a large
scatter in existing data, the site preference of >N in N,O molecules (6 ’N°F) shows an increasing
trend between the pre- and post-industrial era, which indicates that enhanced fertilization
increased soil N,O emissions by activating nitrification processes. Interestingly, the 8 1>NSF of the
Styx firn air shows a decreasing trend over the last 100 years, which is in contrast to the other
existing records. However, the large uncertainty in ¢ '>’N°" values of the Styx and existing records

do not allow direct comparison.
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A high-resolution record of atmospheric nitrous oxide
concentration from the South Pole ice core during the
mid- to late Holocene

Syed Azharuddin'*, Jinho Ahn', Yeongjun Ryu?, Ed Brook?

'School of Earth and Environmental Sciences, Seoul National University, azhar0606@snu.ac.kr
2College of Earth, Ocean & Atmospheric Sciences, Oregon State University
3Department of Geosciences, Princeton University

Recent high-resolution studies reveal that the climate of the Holocene experienced more rapid
climate variations than previously thought. Nitrous Oxide (N,0) is one of the major atmospheric
greenhouse gas which is responsible for rapid climate change and capable of strong ozone
destruction. Here we present a high-resolution N,O record obtained from South Pole Ice (SPICE)
core covering the mid and late Holocene. We used the specialised N,0 wet extraction facility
installed at Seoul National University that shows a good precision under ~2 ppb. The high-
resolution N,O record from SPICE site suggest ~22 ppb variation in N,O mixing ratio during 5400
- 1000 yrs BP. Further, the Total N,O flux corresponding to the same period ranges between 10.2
- 115 £0.9 TgNyr . We compared our results with N,O record of EPICA-Dome-C site (closest
modern-day analogue to South Pole glacial conditions) which shows good agreement on a multi-
centennial to millennial scale. Comparison with other proxy records suggest that the multi-
centennial to millennial scale variations in N,O, to a greater extent, are associated with changes

in terrestrial and marine nitrogen sources which might be driven by changes in insolation.
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Preliminary results for stratigraphy of Larsen Glacier at
blue ice area, East Antarctica, showing one of the glacial
terminations

Giyoon Lee'*, Jinho Ahn', Hyeontae Joo? Florian Ritterbusch?, Ikumi Oyabu? Songyi Kim? Kenji Kawamura“>-®,
Zheng-Tian Lu3, Sangyoung Han', Sambit Ghosh', Yeongcheol Han? Sangbum Hong? Changhee Han?,
Soon Do Hur?, Wei Jiang® Guomin Yang?

'School of Earth and Environmental Sciences, Seoul National University, giyoon80@snu.ac.kr
?Korea Polar Research Institute
3University of Science and Technology of China
“4National Institute of Polar Research
°>Department of Polar Science, School of Multidisciplinary Sciences, The Graduate University for Advanced Studies
6 Japan Agency for Marine-Earth Science and Technology

Reconstructing a greenhouse gas concentration across 0.8 ~ 1.0 Ma is very important to
decipher the causes of the mid-Pleistocene Transition (MPT). To date, however, ice core records
from deep ice core drilling projects cover only up to about 0.8 Ma (EPICA Dome C) for continuous
chronology; not sufficient to study the causes of the MPT. Recent studies in blue ice areas (BIAs)
show that finding ice older than 1 Ma is possible because very old glacier ice can outcrop in the
BIA. However, ice flow near the bedrock makes the ice stratigraphy complicated, and accordingly,
makes it difficult to reconstruct a continuous chronology of the blue ice area. So far, the oldest
ice was discovered at Allan Hills blue ice area (~ 2.7 Ma). However, the chronology is continuous
only up to 250 ka and the stratigraphy is not clear for the older part. Here we report preliminary
results for ice from Larsen BIA, East Antarctica. The Ground Penetrating Radar (GPR) survey
results show well-stratified ice layers near the surface of the area with angular dips of 1-5° and
indicate that the ice thickness ranges between 200 - 400 m. The ¢80 of O,, greenhouse gas (CO,,

CH,) concentrations and stable isotopes of ice (§'%0,.,, 6D,..) indicate that the Larsen BIA cover

ice?
one of the glacial terminations. To pinpoint a specific glacial termination, we extracted air from
~ 5 kg of the Larsen ice and are planning to analyze 'Kr for age dating, which may constrain the

age with experimental uncertainty of ~10%.
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High-precision and high-resolution analysis of ice core records for atmospheric
greenhouse gas concentration during the last 20 thousand years
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Geochemistry and Sr-Nd-Pb-Hf-0O isotopes of the Miocene intrusive rocks from
Tsushima Island: Constraints on petrogenesis and tectonic setting
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SHRIMP zircon U-Pb geochronology and geochemistry of the Permian-early
Triassic plutons from Pohang, Jangsari, and Yeongduck area, SE Korea
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Provenance analysis and tectonic controls on the
Doumsan fan-delta system in the Pohang Basin
(Miocene; South Korea)

Hyojong Lee'*, Jeong-Hyun Lee?-3, Taejin Choi’, Min-Kyu Oh?, Sung Hi Choi?3

Department of Energy and Resources Engineering, Chosun University, barefox@gmail.com
?Department of Geological Sciences, Chungnam National University
3Department of Astronomy, Space Science and Geology, Chungnam National University

In the western margin of Pohang Basin (middle Miocene), the Doumsan fan-delta system developed under
an extensional tectonic regime. The Doumsan fan-delta system comprises six packages of fining-upward
sequences (SQ1 to SQ6), each bounded a regional erosional surface. It has been previously interpreted that
the early sequences (SQ1-2) were controlled by active tectonism in association with the opening of the East
Sea, whereas the late sequences (SQ3-6) resulted from eustatic sea-level changes under tectonically stable
conditions. In this study, we performed zircon bulk-rock geochemistry and U-Pb age dating analyses for
the Doumsan fan-delta deposits (SQ1 to SQ5) in order to evaluate the impact of tectonism during the early
stage of basin evolution based on provenance changes. The Pohang Basin fills show a wide range of major
element composition, due to the grain-size effect. However, trace and rare earth element compositions
indicate sediment derivation from both of felsic and intermediate igneous rocks even in the earliest stage of
basin development, with increase of the relative contribution from intermediate igneous rocks in the upper
sequences compared to the lower sequences. In terms of detrital zircon age spectra, the Pohang Basin fills
show strong peaks of Cenozoic (62-64 Ma) and Cretaceous ages (108-112 Ma) and minor peaks of Triassic
to Jurassic ages and Paleoproterozoic ages. In the samples from SQ2 and SQ4, variations in zircon age
spectra are observed. The SQ2 sample show additional age peaks of 56 and 68 Ma, and the SQ4 sample is
characterized by an increase in the proportion of Triassic-Jurassic and Paleoproterozoic aged zircons. Most
of the sediments would have derived from upper Cretaceous-lower Paleogene igneous rocks intruded in the
nearby areas, and the andesitic volcanics of the upper Cretaceous-lower Paleogene Yucheon Group. The
sedimentary rocks in the Gyeongsang Basin (the Silla Formation) also have been a minor source, supplying
Cretaceous, Triassic-Jurassic and Paleoproterozoic aged zircons, especially during the deposition of SQ4.
Variation in sediment provenance can be interpreted as a result of active tectonism and the following
quiescence during the formation of the Doumsan fan-delta. Tectonic activities such as faulting and source
area uplift might have occurred prior to the deposition of SQ2 and SQ4, resulting in the changes in zircon
age spectra due to tectonic rearrangement of the drainage systems in the source areas. During tectonically
inactive periods (SQ3 and SQ5), the catchment areas might have been expanded headward-direction to
the areas of volcanic and volcaniclastic terrane (the Yucheon Group), resulting in the increased input of

intermediate detritus through time
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Application of terrestrial LIDAR to characterize Yangsan fault segments
in Ulju-gun, Ulsan, Korea
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Geochemistry and petrogenesis of Quaternary volcanic
rocks from Ulleung Island

Sung Hi Choi

Department of Geological Sciences, Chungnam National University, chois@cnu.ac.kr

Ulleung Island is a Quaternary intraplate alkaline volcano located in the central-western
part of the East Sea back-arc basin. Previous studies have divided the geological history of the
volcano into five stages: Stage-1 trachybasalt, Stage-2 and -3 trachytes, Stage-4 phonolite,
and Stage-5 leucite-bearing trachyandesite. This study presents geochemical compositions,
including Sr-Nd-Pb-Li isotopes, for the volcanic rocks. The trachytes and phonolite were formed
by fractional crystallization of trachyandesitic magma at different depths. The trachybasalts
have highly fractionated REE patterns with (La/Yb)y values of 23.6-30.7 and lack Eu anomalies.
In a primitive-mantle-normalized multi-element distribution diagram, the trachybasalts show
OIB-like LILE enrichment patterns without HFSE depletion. However, they show negative K
anomalies, suggesting hydrous residual potassic phases in the source. The lithology of the mantle
source for the Ulleung basalts are estimated to have been a pyroxenite fraction. The basalts
have EM1-type OIB-like Sr-Nd-Pb isotopic compositions (87Sr/8°Sr = 0.70472-0.70507; €y = =
4.5 to -1.8; 20°Pb/2%4Ph = 17.95-18.09). The Stage-5 trachyandesites lack pronounced negative
K anomalies and are characterized by slightly more depleted Sr-Nd-Pb isotopic compositions
(87Sr/868Sr = 0.70445-0.70453; €4 = 1.3 to ~1.2; 2°°Pb/2%4Pb = 18.06) compared with the Stage-1
trachybasalts, implying their origin from a relatively dry source. §Li values of the basalts range
from -8.8% to +1.9%, but the trachyandesites are relatively heavy, having 0’Li values ranging
from +3.5% to +6.3%, suggesting differential loss of low-temperature ’Li from a recycled oceanic
slab in the source. The differentiated Stage-2 to -4 trachytes/phonolite have Sr-Nd-Pb-Li isotopic
systematics resembling those of the trachyandesites, but the effects of assimilation of thinned
lower continental crust during magma evolution are observed in some samples. The Ulleung
magmatism was likely generated by wet upwelling from the stagnant slab in the mantle transition

zone in combination with small-scale/edge-driven convection in the asthenosphere.
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Detailed Bathymetry of the Summit of Dokdo in the East Sea
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Surface sediment size dlstrlbutlons and depositional processes
on the flat top of Dokdo
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Microbial activities and mineralogical characteristics
investigating the paleo-depositional conditions during
the late Quaternary: Ulleung Basin, East Sea

Kee Hwan Lee'*, Chang Hwan Kim? Chan Hong Park? Sang Hoon Lee?, Jinwook Kim'

'Earth System Science, Yonsei University, khlee1l009@yonsei.ac.kr
2East Sea Research Institute, Korea Institute of Ocean Science and Technology
3Marine Active Fault Research Center, Korea Institute of Ocean Science and Technology

Many studies, such as geophysical and geochemical analysis, were used to interpret the paleo-
depositional conditions in the East Sea. However, there is a little understanding of correlation
between microbial activities and paleo-depositional conditions. Therefore, in this study, the
relationship between microbes and paleo-depositional conditions was applied. Additionally,
mineralogical analysis, such as elemental composition of tephra and clay, will be accompanied
with microbial analysis, and these interdisciplinary studies may broaden our understanding of
paleo-depositional environments in the East Sea with various aspects. The clay minerals play
important role in microbial communities as a habitat due to their high cation exchange capacity
and large surface area. The large surface area provides physical support and nutrients to microbes
through mineral-fluid interaction. The microbial activities, which demonstrated by bubble charts
and phylogenic trees, showed similar tendency with sedimentary facies. The classification of
elemental composition from tephra also indicated that some volcanic event was occurred in the
East Sea. EPMA analysis on the tephra will determine the origin of volcanic events. In addition,
the composition of clay minerals, especially smectites in the surface marine sediments, revealed
the possible provenances of sediments during the Quaternary. We will discuss about the multi-

disciplined approaches to understand the paleo-sedimentary process.
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Phase analysis and characterization of trace minerals from Dokdo and
Uleung islands, South Korea

ZEA 34T 0|222 M55
Pyosang Kim'*, Hyeonsu Kim', Yongmoon Lee? Donghoon Seoung’

IRLICE ) K| EISHE If5ka) 197944@jnu.ackr
25 A chs} XIRE ps ot

S Aoy QA8 oz, F3l P49 719 Yol Sed AT 9 ot A4, 28 8T
o] F8 FAol A Slth. AAZIA Y Fke W T SFojAte] et A4te 2 AT 57 E 'A 95
E Y=g on, FEH 0 2= FEEFE Hole Al AL A 2 2 Ql
4 3 A A AFHE A&
£ WARS 7H57] A9 o83t mlAlgEe] thet A At 55, 5k E FH AT
oA fFE A AlEE 10 molste] powder® FHE § E37447] A4 9B-HRPD W2telolA XRD(X-
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Helium isotope geochemistry of basaltic rocks from the Dokdo and Ulleungdo
volcanic islands, South Korea
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Origin of East Sea Seamounts: Recycling of SCLM for asthenospheric
EMI1 reservoir
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Paleomagnetic reconstruction on the East Sea opening
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Geochemical characteristics of late Cenozoic basaltic rocks from Baekdusan:
Implications for the petrogenesis and mantle source
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Detection of ice dimension changes in Cheoniji, Baekdu mountain using texture
analysis of SAR Imagery and Image classification
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Historical records of volcanic rumbling caused by the
explosive eruption of Mt. Baekdu: 939 AD and 946-947
AD super-eruptions

Sung-Hyo Yun'->* Jeonghyun Lee? Cheolwoo Chang?

'Department of Earth Science Education, Pusan National University, yunsh@pusan.ac.kr
?Volcano Specialized Research Center, Pusan National University

Loud explosions, bubbles bursting, rumbling, hissing, and roaring like a jet engine describe some of the sounds heard from volcanoes
around the world. Stories of sounds from historical eruptions tell of loud booms and explosions from volcanoes heard thousands of
kilometers away. The rumbling phenomenon caused by the explosive eruption of Mt. Baekdu is recorded in the historical records, so we

would like to examine it.

1. The 939 AD eruption record: rumbling by the eruption

The original text of Nihongiryaku says, “REE_4FIEH ~H HREHAIBAME.” It translates as follows: “The sound of a large drum was
heard on 2 January 939 AD, the second year of the Tengyo era, which was a spring day of Gap-jin-nyeon.”

This is the rumbling by the explosive volcanic eruption from a long distance away and it is highly likely that this phenomenon was
caused by Mt. Baekdu eruption. Based on the descriptions in Nihongiryaku which is a Japanese history book, Akaishi et a/. (2000) made
assumptions that there had been resonance by the explosion from a long distance in January 939 AD and considered that it had been
caused by the B-Tm (Baegdusan-Tomakomai tephra: Machida et al., 1981; Machida and Arai, 1981, 1983) eruption. Accordingly, it can be
also expected that the AD 939 rumbling event which was recorded in Nihongiryaku could have been caused by the eruptions of Mt. Baekdu
in 937 AD and 938 AD.

2. The 946 and 947 AD eruption records: rumbling by the explosive eruptions and fallout ash

The original written record in the second scroll of Goryeosa Sega which was written during the first year(946 AD)of King Jeongjong
in the Goryeo Dynasty mentions “JEBK#E#" which can be translated as following: “As the sound of beating was heard from the sky (a
heavenly drum was heard beating) this year, the criminals were pardoned.” Also the original text of chronicle of Kofukuji Temple (‘8
FEREL) says, “KESETHEHREKEUZE" which can be translated as following: “On the night of 7 October (3 November by the solar
calendar), 946, white ash fell like snow.” It may be the eruption of volcanic ash that rained down on 3 November, 946 in Nara, Japan.

Also, the original text of Teishinkoki (“Eif§4\it”, a Japanese history and the journal of Fujiwara Tadahira, an early regent) says, ‘R4
TEHYHZEh G R, It translates as follows: “In the region of Kyoto, “there was a sound from the sky on 7 February 947, the first year of
the Tenryaku, also Tenreki, era, and the sound was like thunder.”

The original text of Nihongiryaku says, “IE A+ HBE - HZ P #U1E" which means “There was a sound from the sky on 7 February
947, and it sounded like thunder.”

Goryeosa is a history of the Goryeo dynasty, whose text was altered several times in the early period of the Joseon Dynasty by Jeong
In-ji, Kim Jong-seo and some other civil servants and which was compiled in 1451. The original text of Goryeosa Ji (‘HE#&E"), Volume 7,
includes the record saying, “E5TtHEKREE’, and the original text of Goryeosa Jeolyo (‘i i%", Essentials of Goryeo History) also includes
the following record which says, “E5C4ERENE.” Both records have evidences that there was an explosive volcanic eruption and it caused
the rumbling sound from the sky in the capital (Kaesong city) of Goryeo dynasty. It is speculated that, at the time of these Plinian and
ignimbrite eruptions, the sound of the volcanic explosion was conveyed as resonance far to Kaesong which was about 465 km away from
Mt. Baekdu and even to Japan which was more than 1,000 km away from Mt. Baekdu. Hayakawa and Koyama (1998) compared the thunder
recorded in Teishinkoki or Nihongiryaku with the Changbai pyroclastic flow (C-pfl) eruption (Machida et al., 1990) and speculated that the
B-Tm tephra had also fallen at this time in Hokkaido or Tohoku region.

Acknowledgement: This work was funded by the Korea Meteorological Administration Research and Development Program under Grant
KMI2018-02710.
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Estimating the Potential Risk of the Mt. Baekdu Volcano
using a Synthetic Interferogram
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'Division of Science Education, Kangwon National University, ariefrizgiyanto@kangwon.ac.kr
?Research Institute for Earth Resources, Kangwon National University

The Baekdu Volcano is located on the border between Jilin Province, China, and Ryanggang
Province, North Korea. Its 946 AD eruption had a Volcanic Explosivity Index (VEI) of 7, making it
among the most massive eruptions in the past 2000 years, a “Millennium eruption”. Mount Baekdu
may erupt in the near future. To examine the future impact of Mount Baekdu, we generated a
synthetic interferogram using a Mogi model equation to produce a simulated surface deformation
phase and added simulated orbital error, topographic error, and atmospheric effects phases.
the synthetic interferogram showed that the simulated surface deformation at Mount Baekdu
would be 0.04 cm, 0.1 cm, 0.7 cm, 10 cm, 1 m, 12 m, and 100 m according to the VEI category.
This study can be used to estimate the interferometric synthetic aperture radar (SAR) surface
deformation of Mount Baekdu and produce a surface deformation detected using SAR images on
inflation of the magma chamber in Mount Baekdu as a basis for risk assessment, evacuation, and

mitigation efforts.
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Tectonic geomorphology and Quaternary fault slip rates
of the Tsambagarav Massif in Mongolian Altay

Sangmin Ha'*, Yeong Bae Seong? Moon Son'
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The Korea and Mongolia are located in the intraplate, but show contrasting neotectonic crustal deformation
characteristics. Unlike the Korea, which has humid climate and low fault activity, the Mongolia is more likely to preserve
the topographic evidence of paleoseismology due to arid climate and high fault activity. The purpose of this study is to
identify the paleoseismic characteristics of faults and the associated topographical features in the intraplate through
detailed fieldwork and laboratory analysis, where high magnitude of fault activity often occurs.

The western part of Mongolia is known as the late Cenozoic strike-slip development belt. The study area, Tsambagarav
Massif (4208 masl), is located between two local towns of Olgii and Hovd in northwestern Mongolia and rises up to Y4000
m. The Tsambagarav Massif with the geometry of the triangle was reported as a triangular tilt block at gentle bend that
appears between the two strike-slip faults (Cunningham et al., 2003). The massif is bounded by faults which consist of
the main strike-slip fault with dextral reverse slip and the lower thrust in the west, and thrusts in the north and south. Of
these, Lower Thrust and Tsambagarav Dextral Reverse Fault, the western boundary faults, were studied to constrain their
deformation pattern and rate over the Quaternary.

In satellite imagery and aerial photography, we can easily identify landforms and surface deformation related to reverse
movement in the Lower Thrust and related to strike-slip movement in Tsambagarav Dextral Reverse Fault are clearly
recognized. The Lower Thrust runs along the foliation of schist, which is basement rock overlain by Quaternary alluvial
fan at the mountain front. The Lower Thrust vertically deformed the alluvial fan surfaces, exposing tens of kilometer-long
fault scarp. To calculate the vertical slip rate of the Lower Thrust, the vertical displacement was measured using the total
station, and samples for °Be surface exposure dating were taken from the two, deformed alluvial fans. The measured
vertical displacement ranges 7-8 m and the derived '°Be surface exposure ages of the alluvial fans are 34.2+19.1 and 32.5
+15.2 ka, yielding the vertical slip rate of 0.15-0.5 mm/yr. The Tsambagarav Dextral Reverse Fault located in the northeast
of the Lower Thrust, maintains the clear evidence of the recent strike-slip dominant movements such as beheaded
channel, offset landforms, and surface rupture. Particularly in the southern part of the fault, the ridge axis of a terminal
moraine was cut ~50 m by the fault. The en echelon tension gashes indicating dextral displacement and sag ponds are
also observed on fault bending. For measuring the horizontal slip rate of the fault, samples for '°Be surface exposure
dating were taken from the moraine. In addition, a trench was revealed in tension crack filled with water to establish the
timing of the earthquake that generated tension crack. Animal bones for '“C dating were sampled in both hillslope clast
deposit and the overlying mud deposit, which were likely to be buried before and after the earthquake, respectively. The
19Be surface exposure dating of the terminal moraine yields 27.9+5.4 ka. '“C age of animal bone in the hillslope clast
deposit is 1708 Cal yr BP and '4C age of animal bone in the overlying mud deposit is 1924 Cal yr BP, bracketing the timing
of the last earthquake. Based on the age dating result and displacement of the moraine, the late Quaternary horizontal
slip rate of Tsambagarav Dextral Reverse Fault is 1.5-2.2 mm/yr, and the timing of the last earthquake that caused surface

rupture is estimated to be between 1708-1924 Cal yr BP.
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Blind-thrusted foreberg in the Bogd fault system,
Gobi-Altay, south-central Mongolia: focusing on its
geomorphic constraints

Cho-Hee Lee'* Yeong Bae Seong', Lindsay Schoenbohm? Dong-Eun Kim?, Byung Yong Yu*

'Department of Geography, Korea University, ch930960@korea.ac.kr
?Department of Chemical and Physical Sciences, University of Toronto Mississauga
3Department of Earth and Environmental Science, Tulane University
4Laboratory of Accelerator Mass Spectrometry, Korea Institute of Science and Technology

‘Foreberg' is a low, elongated ridge or hill with low relief parallel to the main mountain range, rising above
the surrounding alluvial fans and floodplains, and is typically formed by thrusting (Florensov and Solonenko,
1963: Bayasgalan et al., 1999; Owen et al., 1999). When hanging wall moves toward the foreland, the
vertical displacement of the original surface increases, and the foreberg eventually grows accommodating
compressional stress. The forebergs in the Gobi-Altay range, south-central Mongolia have developed in the
foreland of the restraining bends uplifted along the Bogd fault, which is an E-W trending sinistral strike-
slip fault. In the easternmost part of the Bogd fault, there are six forebergs in the foreland of the Artz Bogd,
which is one of the restraining bends in the Gobi-Altay range. As the foreberg is a form of the mountain in
its early stage, we surveyed one of them to identify the fault geometry associated with its formations. This
foreberg is ~6 km long and ~1 km wide, and rises ~30 m above the surrounding surface. Its ridge lies into
E-W direction and has gentle southern slope and steeper northern slope, having the asymmetric topography
across the foreberg. The height of this foreberg is relatively tall at its center and dies out toward its both
sides. In order to constrain its geomorphic state and identify the fault geometry beneath the foreberg and
how it vertically and laterally grows, we calculated catchment-wide denudation rate (CWDR) using !°Be and
carried out the morphometric analyses (channel head elevation, chi-value, slope, and relief) for the channels
developed on the foreberg based on the high-resolution DEM generated using photos taken with unmanned
aerial vehicle (UAV). For the across-foreberg (north-south direction) contrast and/or the asymmetry of the
results, the '°Be CWDR was higher in the northern slope and lower in its southern slope, and the channel
metrics show that the main divide of the foreberg has been migrating toward the south. We interpret that
these asymmetry of the '"Be CWDR and the channel metrics are the result of the geomorphic response
to the tectonic perturbation, that is the uplift of the foreberg via fault-propagation folding. In addition,
according to along-foreberg (east-west direction) variation of the '°Be CWDR and channel metrics, the
foreberg can be divided into four segments, where the '°Be CWDR and the metrics decreases abruptly. In
each segment, the along-foreberg pattern of the channel metrics, which indicate the geomorphic response
to the tectonic movement, resemble a bow-shape, implying the slip deficiencies resulted from the linkage of
the multiple segments (Cartwright et al., 1995).

Acknowledgement: This research was supported by a grant (2017-MOIS31-006) from Research and
Development of Active fault of Korea Peninsula funded by Ministry of the Interior and Safety (MOIS).
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Multidisciplinary investigations of geometry and paleo-earthquakes on the
central-southern Yangsan fault

E|ZIE> 0| MM MAZ! vistA! O[FH2 0|&-!
Jin-Hyuck Choi'* Hoil Lee', Youngbeom Cheon', Young Hong Shin', Han-Kyung Bae',
Changhyun Lee? Seung Ryeol Lee'

1512 X| BRI ZEX|EIOIAEE cih9s21@kigam.re.kr
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A4 G52AE S B Qthel 5 9, 2019). of Fargde Eo) A
1:25,000 SE5AE0] dhet 4wt sl AEA FEE 9 Bmet nAs E4E Bojshag st
g etolch Wl BA FEARL VI APRAE B 228 MY 70l e 95EA opol Az} o2
o BET ] WAL e A3 8 ATZAHA | AFTAL BT, ST 5)E 29T 2

=
B A% BAA 59 B BETHS EU B 54 km AP Ho

L opiEe) Bug vepsterh
i o] W 71519 Wt S B9 A7 7219 JAEBol B 5749 F1sters was ol
9 Holzeh A 71 6 oY) K] Sl IAN ABAYL F2 95T 79 FHA Y
w2129 W] ol52 5o A4 9 S gon, A% o B9 A5/ AW F3LFL % 30 ka
A olFolet. thoAlA ZAE MOR B U A4S WS MRS TR A0 A9
9% B4 FEsH o188 4 U1, Uobt tigAAn BaiE AWAsEte) 7 2Aw Shshn &
8 7Ks i,
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Late Quaternary activities along the Yangsan fault in Gyeongju-Eonyang area:
Focused on the Inbo and Wolsan sites

I, OlelZ, [T, 0|2, Z|oj2|, ZEH, Histd

Youngbeom Cheon* Tae-Ho Lee, Jin-Hyuck Choi, Hoil Lee, lyre Choi, Namgwon Kim, Hankyung Bae

S| HARIATRR ZEX|HATEE, cheonyb@kigam.re.kr

20169 AFAZ A o] &, AFA ] AZIUQ FF FAS 7ol gt o] WEEAd Tt Al47]
25018 1ol 9t st A7t A EALATY FEALATERE S4H 02 Y=,
1 A3l A ST FAE AR ddiel A g YA die] SRRARE B FAEST
A471E 5 SAE Rlotglt. ol HRro A= MEA FR1E F AF9 uAWEHE AT AAE AN
o}, A QIEA oA ER1H A47] B2 FAHSO 5H TheAdd ol Weohs EE5-ddA U
o] Aol A47] B2t AZE Aole}, FZ0 2 70° o] A VA= el AR E 44E
A¥zro] Zofz|w A 3uff o]4}9] splay® E7]H ). 0| splayet 2 B & (unit-1~4)59] 435 A (E=
TE) {59 E AR OSL At Aol 2AT o, X57] A®uHE2 29 ka o] g0l K} o] A i
G2 70~29 ka Atoo] TAFAS A0 7 WekEh Z]Hiota) 2519 B AT (unit-4)2] FHAHAHES
71E0 2 A LM E Folk 7.5 mo|H, ©EH FRoA BRIEE T FU=EA (transpression)
o] S 2AKMFZ: 15000 AT 1 F M= £AHY9] A F ujo] o] Ao FAH} LAXH
oAl BR1E A47] B HA] JAEA AT} FARBH FARS BH TSt Weohs BEa-ddA 1
ol HAEFo 2 FZO0= 70° o|4k9] AAZEE Helch Auhael TS uE H7|Fe2 HU ¥
oHeot BF Tt Bet EATER(OSL Ad: 33 ka7t EAF o= T =], o] EHHE X4 2019
splay°ll &Jsl] At=]o] Sirt. o] H7]3 HATE A3t splay7} 2 $7] A #utF 9] Aol 79 EH
TS FAAIZ Abo] Kt o)) A kg o] Axtetal 38T of, Zk74o] Abo] WAt A 714 33 ka ©]
$0} 37~33 ka Alo] 2 T 4= Qi

120 chstxIEats] wWl7sxt 7153 % 2020 FARE RS IgretaS]



10.27.%-29.% YR CHEHES |0l Cet S % sl 2] RIZIX|ES i1t B2l ®

7 21-9

SIMES S Tioh2 98t AlRAIE 917

[ =

Deep drilling research for understand the characteristics of the submarine faults

Olgs+ fa A3 i), 42y
Gwang-Soo Lee*, Dong-Geun Yoo, Seok-Hwi Hong, Sora Kim, Gil-Young Kim

SHAX|EARI1T2 MR 212, leegs@kigam.re.kr

LI &gut ARE o] &ste] FEE AT TE H BE S4E wefsiint -2 g
RSl AT WIAVIE L s 542 Hol7] Al 3709 Al A A8kl 2019 S
A ARAIFE ST 9Y F5% 4 165 19ESDP-101 A|%oA] 120 m A|F30], Tx T

3
o

AZ 4] 127 ml 19ESDP-102 AoIA 8 m AlF30], X3 5& 44 175 m<l 19ESDP-103 A|]
A 104 m Z0]9] AF31o1E 242} G531t P53 Aot A7) 24 Aol CT ScannerE ©]-&sto] 310
o] 344 A HAFZE RISl o] AFFolE Aste] FAAY B4, AmiA, A, vsha s,
XRF £4 52 35310}, 19ESDP-101 &34 24 23t S (Sand), S/M (Sand/Mud), M (Mud)Z 3742

EHER FEHY, HAT2e A2 SR BARLC] toHA HEEn ARty es JF 0~70 m
He AERE HER F4H] AL, 5FF 70~120 m 7R AiA o g AR EY 23t B Be AER
£/g% ] At 19ESDP-101 2o 24 Aite FF FEEA| Y| SAEH Q] ALAHE wefozAf A+
Aol EEske AEF2ES 2RV @52 AVIE 0t Al47] @59 78 PEctet 28 2
d7gelet. 19ESDP-102 o] Aite XA T A7|9 B &S 744 22& Ttz SxHSY
g A9 HARE S Fohet 8% Ak=7t 2 Zlolth 19ESDP-103 ol &3 E-3f < siAAr
Aol A oot 24 9 e =2 Ak 54 wefstet v F23it whEkA] 19ESDP-103
Foj9] gt 24 B4 23he o] AH e s o] TohA 54 Bl 75t AE5/de okt A
Al Ame g8 2 A o= 7|
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Seismic stratigraphy and structural analysis in the
western margin of the Ulleung Basin,
East Sea (Japan Sea)

Yongjoon Park’-%, Nyeonkeon Kang?*, Boyeon Yi?, Donggeun Yoo'-2

'Department of Petroleum Resources Technology, University of Science and Technology, nkkang@kigam.re.kr
2Petroleum and Marine Research Division, Korea Institute of Geoscience and Mineral Resources

Interpretation of multichannel seismic reflection and sparker data allowed to reveal basin-
forming process and timing of offshore Pohang-Youngduk Basin (PYB) and Hupo Basin (HB)
in the western margin of the Ulleung Basin, East Sea. Based on the reflection pattern and
stratigraphic position, the sedimentary successions in the study area were divided into three major
units separated by distinct unconformities. The lowermost Unit I comprises disrupted reflections
deformed by reverse faults and related folds in the PYB. Unit II, which is confined in a fault-bound
depression (i.e., HB), show divergent reflections with wedge-shaped external form. The uppermost
Unit III is characterized by progradational to parallel configuration in the HB. Time-structure and
isochron maps exhibit that the PYB filled with Unit I is presented as a rhomboid-shaped basin.
Moreover, the PYB is bounded by distinct NNE- or NE-trending faults that show a left-stepping
en-echelon pattern. The HB is bounded to the east by the Hupo Fault that displays a nearly
north-south-striking curvilinear fault. On the seismic profiles, the Hupo Fault is steeply dipping,
a simple geometric feature that consists of a sub-vertical fault. Three stages of basins evolution
were identified and reconstructed based on the stratigraphic and structural analysis. Stage 1 is
characterized by transtensional deformation along onshore Yeonil Tectonic Line and offshore en-
echelon fault system, resulting in a pull-apart opening of the PYB in the late Early Miocene (about
17 Ma). During stage 2, the HB progressively formed as asymmetric wedge-shaped basin caused
by tranpressional deformation (NW-SW compression) in the Late Miocene. Since neotectonics
(E-W compression; approximately Early Pliocene) have prevailed in the East Sea, present HB and
Hupo Bank have achieved and subaerial/subaqueous deltas have developed at both western and

eastern basin margins.
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Mean vs. median in PSHA

O
Myunghyun Noh

SIERIXISHOMN 7 |22l AXREX|Z 7 mhnoh@kins.re.kr

A= 242 PSHA (Probabilistic Seismic Hazard Analysis)Q] ti#24 AFEo|t}h, B3t SU33 5
ojL A0 2 A LAZ A5tz Aol Azt 7tof thsf et S40] USith 20009 o o Holl= F
dgro] tiAITt. 1 v, Sg7kol oA (Outlier)oll sl W% QFg20)7] wjzoltt. ol/dA|o] thet &
G AP (Resistance) 0.524 HE BAH 42 F i@t 2=t v, B39 AdE= 0.02
2 Fggholoh. 18y S99 2714 oFdo] Sledl, st SUEE ol 2HYo] tiaA(Algebraic)o]
A Fom o sht= AR gt A7 AP A (Linear)o| Al Ptk Aol o]FolAl TAto] gt &
A7F 713 Az, A S0, A Akt 12E A0S 752 62 FACE EF5I9S o, 5 6 v|gt
O] A% 9Jgt FUak AR EL: 5 6 0]/4d9] A%l gt FUEk AR L] o= AA| A&l <zt
FTUH ARt A gt o] 2Rt B8 UI-A B4 SHol|A A SHA] ot W, Bt g2 T
Aittgo] ti2olm A Holct, o]2|et o] {2, AFLrt Aol Etotal, BAHOE Ao A
S AA5l= Zlo] 20004 o 0]%9] FAjo|t},
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Development direction of design earthquake evaluation regulation (draft)
considering seismic source characteristics of 2016 Gyeongju earthquake

Z|SM* UiMY, MEbD FEQ 2SE
Hoseon Choi* Seon Jeong Park, Taek-Mo Shim, Junmo Yang, Hyeon-Dong Woo

SHERIXIEZoHK 7 [=8] hoseon@kins.re.kr

S RRA] AR LSS FARE 320 km A9 A7 9 AADE4 g7te} v 8 km 2199 FE
ARz B3 e HdAREl o tete] 275k, SA AN LA] A2017-152
of whe} v]=r AR 10 CFR Part 100 App. A2 £80t] 2424 YYo= Hristet. 3Hd, vl=2 1997
4 8ig AL 7t FEEA W ot AXAE 2e S8R, 19979 olF AFE Y
€ 4] His e e AARNES 25kl 3o, nl= AR A YslE RG 1.208 &
Foto] 57|k FA L7 AR S 27 EAE AL ek e 7IeE FAALG AR NS of
gt =l 2892 AESt] A1H < Hate] 283] tiH]sfof gttt 9, 201649 AFAIR A #] =Lt
Al G2 AAESoIA AR A2 SR ARADRAC 2= o] 2|79 AJUES 54 5] o
gt ofglgo] ot wekA FF- A& WIS ek b 2719 7%, ddeSol tsl 1 A4S st
YARA AT B71HE A3 71671 7ide] Bast ARtol. IA=M A Yel= 2017375 2021
W7 A AA7IE AH7HE A% 16,98 AR AL SGRAF BAE F3elaL o, At
Wed2 AFIAR D52 AR 5§77 AEe] Fofstal )l o1& &3 FE24 U 7He]
7 FALG AAANE 24 9 22 T FoAZ Y] AlES S8 1 EAXIS H7t A

g

7S HESH] Ul AR o) At AARNE B 71e7 12D AT Gl

A9 2 o] AT ARAREHIAITo] 293 AAAIHATAE@ANS 1705010-0420-
SB130)9] 491 Mot 3 ARk 7] & 01A] 9313 Sl
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Development and Application of Site Conceptual Model for NPP
Decommissioning

EEM > SR 2 dhaks)

Jong Sun Hwang'*, Jaemun Han? Changhui Park?
'St~ RAXIEY(F) SR BAFMSHA| 14, estwingl@khnp.co.kr
257N 7|2 0174 HAIRZ|2E]
3(FP)XILO2121 7| Y B ML

LAY 52 A LG A E ELS o EAE AH I BAS FfAO1A siAIske] 3522
Z 7fohs 208 RAEYS siA9] 7P vhA e dAo] sttt B2 BUE flsf #A9] £442 Bt
ofojof shnf, BA7idE A (Site Conceptual Model, SCM)}2 S0t . FANE DS B F
ASfAE et AHFFAR 555 (Derived Concentration Guideline Level, DCGL)AAto] =8 =], Q1
= Rl tigh FFE7IlE AFSE 5 ATk & Aol FAMNERES AEeH 3D U, A5k
e 299, 283 FAY 29Ed 7 RET F5 st A A o] tiet §F2 Bt sht
FA 9 FHA G LR ALEA 42 Ash Asted S, A=A, SHIFESS AABAL &
WA B 1007040 s @F2AE AAIskGIT 5t 7]E B A 9 A[F2AF AR 0] A5
Ag Bl FARA A3 PHREE BAolgth FAY 52 F 1R E SRIF 1 om oFie ke
Pt 22Ul E 02 sjotF Qi) o] 5 7o 33t RElS FAsto] ofn] A/E 2 & A1 E
3D HdlgS oI, E5t A W FHA| o] A5l A% BEF-2 MODFLOWE °]-8-sto] £ =3
oo 3714 22 MODFLOW-NWTE 0|83 =23l 75 B} MT3D-USGSE °l-§3t 2¥=4 o]
5 Bdgo] A8E At 3D A-TR REE 7|90 SR ALR GO R AsjAsto] /RS Y
SHoitt. §2] Aot As mdel dE feAdALRE 4719 S AR AHRD), 2709 F4A12 D
A(HCD), 2709 I EFFAHSD)C=Z F2E o] ZEH U 74| Aot AT Bl BAA 2A5=
0.990.2 &5 Zdo] AFA 9] Aok 35S F BASH= A 02 Yepdch w4 g4 9 A
A A Aot 2oz QIgh 1 FRlef RAMd e GF= 671 95l His MODFLOW-GEN IT %14t
FEE AREoto] AFLER RIS st o n FH Fulof gt Y2 ele A o= Y.

o]

X
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Changes in hydrogeological characteristics due to earthquake to be considered
for deepgeological disposal of radioactive waste

ST MEE TAY FYE, RS, WS
S.G. Hyun*, T.M. Shim, S.B. Jin, KR. Choi, H.D. Woo, K.H. Min

S22 otX 7 [=2l mgodo@kins.re.kr

AP B ARG AT AT AR A2 4 3
o A % Slek A AATIS] A5 WAL ool 50 HEH0R WETE A A,
F W2 WA 059 SEst A DA FFL 1A %S o DR S ek gy YA

B o

EIHE EAAIA|B) A A2 B S AR A2 olF 5L WY, 05 A2
58 Z90l4 4717Hlong term)(@: e B)0] A A5k Qb4 A 4 U B QPgA0R §AE RO
2 UERE A AmolAe] B A5t Wk W 55 59 43 22 A Ask $7o] Shslojof g
THIAEA, 2003).

SKB (1989) 52) @201 a2 AUE AL RA Hol A /190 1) 945 o}5:8 2efe 4
glow uid Hase oAUty B4 Wa 4 ST oloh 2 REAY A f £

ok T3] ol Ko Ao 54 Uske ARALE F90] Aok 58 4 vl
72 4 90 A0z VUL g HEAH BAS Eeehe A3k £ ) £ Aeky 242
A 4 G AEAE B4 2 A3 A9 A L AN SHL YT Bt Urk. ol 2L A=
£ 7122 7129 A2 oA B7h SUe)H MR A4 L AW SHo] 324
4 $AS TP Aok 55 AA) DAL G B el Lotd B4 WIS 9ok Bast
Itk o]g} Blol A4 W XA BAo] £ sk 4o A GOl that 24 2 Bt B
9 A7) SIat =] Qo =
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Correlation between Groundwater Flow and Change of Geographical
Characteristics in the Study Area

B, A, 2T
Jae-Yeol Cheong*, Soo-Gin Kim, Hyun-Jin Cho

St XS HZEF O EILE] jiy@korad.or.kr

H

AFA G2 FUlA Bk AV 7182 s Elshy] A%t el ez 74 YiE 7t
BA 2 E2E odslA FA] £ A FZof do] 2,430 me| B o] MEElLL, FENLA L] wt
2 HE 9 AE 59 A7 Wit A&Gs)A EAYstglon o R WhAYet ofioltt. ALA|H 9] A A5
BEE F2 7] FHAAR AI37 SHAFE HHH, AEoz AofAPo] TEell, $Eo % Hith
7k A8t g2 R Aok TF0] Ao FHo dojdtt. @A FA| Y HeEor 194 s23AE
Aldo] =] 29 oI, WAME 71 &3} Alske] HSg Adohy] At vl YT =74 ]
Shpo] BF0] FAHL ok FA] GAZ 28 ESARAES e 4 Foln FA FA| 3ol
A U2 EFS HAhe RS ofF FH= Hro] 245k oA Al AHE div] g2 2134 54
o Mot ettt HEol A7A199 71t S24E A RARE LR Aldo] AEE] A A A
ok A9 A5t -5 AACl A 7HA] Halr 9lgg Sl ¢ Q. £ Aol E At re e e
SO AR R e, FAGAE S tiet 2], §olo] Algstet | EFYHHSD)T HAE, HHE

5= T/doke WAL RS A0 e Askefe 54 el A S teke ol Al
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Preliminary study on the hydrogeological evolution due to the excavation of
disposal hole

4179, uhst, 0|3, 14, XINE
Kyung-Woo Park* Byeong-Hak Park, Chang-Yong Lee, Nak-Youl Ko, Sung-Hoon Ji

SHRRIXIE{01 18] HIAFMEH 7 |EX 20172, woosbest@kaeri.re.kr

PAMIH7 = AR 2ol et & wstol] ofgt T 4 st o dE, 9E 54 Wsks SElA
Aot Ql 43 A Feer ]l S0 SF2 vA 2 o= ARG Bge] 9= A At & =&
2 A Aol mhE s AASAR] AgE IH S ARE o] 282 5 AAEE B9 ol AT
3} 3 AHE 7183t ARl ARES 2Al wet 22 S H, o] 22kAdle o
T A99] @A S whYstal FAET 2RI Tt A /o] wEbA ’sH Hed,
2 AT E AlFE2 oot 22ROl ofgt e e HelkE ol Ak AT T 5 UsAE
gl izt skt olE A3l A=A A A A HE ASHAEAFAEKURT)NA 20 m 20]9] 3
A AFE2 28 SABIULH, AFae 22 & SUl FIEIT @A (@S AA AT HUA]
e YA, BIAEE TR F o] AFTS Tl 22 HRolA sUE HHeE IRAEES
FReIHeH, F A0S vlws] Holth &3 H-39] & B4 AFS FFEGS S gl A3 o
T A9 HjrBF3Y TR TEh= Do T 7Istebz Rl o] Mgk AZ wET 4 AT
ES B A-2o] A 2HE v £ ), & & o] f/do] dAH s AdE BT
T A A 3T 5ol et FRAAEA 9] Hohs AUAE T BAAHY iAo prtE= 7MY 272
o] g3to] FF2 o= ris| Hotrk
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Status of groundwater monitoring in the nuclear power plant sites

EXH
Sung-Il Cho

SR RIXIE(F) S SHEMA| 174, chosid476@khnp.co.kr

ol
-

AAELAL G ol D= T EE2 U A A= Zok=9] 2712 Q1 AUTHA|
of QI7H ¥ ZHAZHF ol Wof7t Yl HASH TElE L Qlet. I AHEA] Aok A= &
to] Q=L 9lom 2] Yo X5 8~17719] #&5-S &8oto] € Ed 27 E
A 23} o B5 STt Aok W pH, F3HE 0|2, I o] JE2 ¥H &
Al G, AN T EA4Z 9ot AvElE 2 Aesaea = S5k Stk
e 554715 oldoto] Aot9let 2k, A7HEE 55 40
gt 9 U M 249 e FAIA olstY] & APdo] Fofdl HiEHEE T
3 WEE= AY 4 5 (planned release)™t AlE/71719] 4 9 24Ate] 24 A4 5o sl A &
Ho] Hozl A=27} opd v|ZAFH ARE Bofl R2 WEEE HAEH fFE(unplanned release)2
9 Aokt FT | A G 55 TA7IEY] RAR QA=A YS] TA] AR
WS 5o At 7|29 WiETE 7SS TAVIECE F851aL Qo] =Y YA EAS 1 e FEF A
St A1 7ol B gt Aol e (F) SYATF Lol = Aot HIAEH f& TA71E N
ATFE 59 Foll slom, DAL FAEE YAV 249 WSS A6t £4] /g 29 (conceptual
model)o] THE FA] BAFH A Y o] FE e Aefsto] ZA7|ES AT aFgoltt. et #E5E A%
TAF7] D A M43} At i agsto] e 2|54 Q1 A P HAMY H7E A= 9 A
Al wok 59 AEA FAZHA] 7] A2 7 e
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Applications of Machine Learning Algorithms for Geology and Energy Resources

OlZE"2x Y2 dhMQy2 Ax12 Z1atsi2
Kyungbook Lee'2*, Sungil Kim? Sunyoung Park? Byeong -Kook Son?, Kwang Hyun Kim?

| Zxrhstn X|&EZ Dt} kblee@kongju.ac.kr
2BITRITAIEIOITE AR THIE]

F| 2 oheFet shERopol A 4ARPAIAE 9] A7|E9l B AT ES M5k A7t Eide] oA
Atk AAALROP A Fo], BT, ST 22 tht FARtES: A, SAGE Y 42
AALE BUEZAR 3A57ES A8t 84S ZMAste A7 EaHL Qth 2 =RoA=
7IASE €18 E 5 HRAQl 92d €E & <841 (recurrent neural network, RNN}& 33t
AFAG7 &S AEA G ROl S8t Al ATARIE Afotazt ek A WA Ate AY7EAREA0] A
Atolglof] RNNZ #-8sto] ne itks a5k dtolth(Lee et al., 2019). 7AHTh EHERE Duvernay
Aol Hiet oF 30071 BAPE 9 A7t ZIABATEAIRS SheAtER 285te], 7]E AEFA7IM (decline
curve analysis)oll Hls} 942 /HAT AESRES TSIt F WA Avte XRD AgolA dojxl
intensity ZEIFAS] RNNZ #-§5to] FEXAYFS BA st ATl 53 2584 87 AlF3o8
FH 245 oF 500719 XRD Z2oHAT AR7t AFEA2TE ShEARE D85t 127] F29 24S

R

o]0 HHEZHAE(random forest) YA FS A-&5t0] 3H(E, HA7IA, 7HAGIo|Eg0|E)9] Z3tk
£ BAoh= A7oltHKim er al., 2020). 2 2,5007H] CTO||AE SsAta s E-8oto], 2ot oS3t}
AAGS] A HBA T 95% o] BA RS A5 o] At A U7EAS} ZRASIo|EFo| EQF >
Agka AA7EAAFe] Hsfl, 7HdA R (synthetic data)7t obd titi @A E = AAAEE QAo R
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Extraction of valuable information from the structure of
the geological big-data

Jina Jeong'*, Jiho Jeong', Eungyu Park’, Byung Sun Lee?, Sung-Ho Song? MoonSu Kim?3, Hyunkoo Kim?

'School of Earth System Science, Kyungpook National University, jeongj@knu.ac.kr
?Rural Research Institute, Korea Rural Community Corporation
3National Institute of Environmental Research

Recently, various data-driven technologies have been widely applied to geological prediction.
When constructing a data-driven prediction model, the input variable have a significant impact
on improving the prediction performance of the developed data-driven model. The process
of evaluating an influential input variables is called “Feature Extraction”. Although the feature
extraction has a great impact on the performance of the data-driven model, its importance has
often been overlooked. In particular, as deep learning technology, which tends to include the
feature extraction process in the deep network structure, is actively developed, the importance of
the feature extraction process is increasingly forgotten. However, the feature extraction process
can provide ideas for the network structure of the model and improve the prediction performance
of the model. In addition, it can reduce the computational resources by using the pre-processed
variables. In this presentation, two example studies were presented using the feature extraction
for the purposes of (1) correlation analysis and (2) data dimensionality reduction. As the first
study, the model that predicts the safety of the natural radioactive elements concentration in
groundwater was developed. In this study, the modified linear multivariate statistical analysis
method was applied to quantitatively evaluate the relative correlations between input variables.
The evaluated input variables were applied to the prediction model, and as a result, it showed
reasonable performance on predicting the risk of natural radioactive elements concentration
in groundwater. In the second study, a method for estimating general hydrological properties
of the aquifer was developed based on the groundwater level fluctuation patterns. For this, a
non-linear statistical analysis method was applied to extract the informative input variables
of estimation model. Based on this study, we can confirm the systematic structure of high-
dimensional groundwater level fluctuation patterns in visualized low-dimensional data space, and
this information was able to be applied to improve the performance of the prediction model. In
summary, all these studies show that the feature extraction process is useful for understanding
the physical process of the target system, which contributes to objectively determining the model

network and improving the performance of the developed model.
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Prediction of groundwater level time series with LSTM combined with principal
component analysis
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Super learner technique to combine several learners in
groundwater potential mapping

Sanghoon Lee'*, Dugin Kaown', Eun-Hee Koh', Hye-Lim Lee’, Kyung-Seok Ko? Kang-Kun Lee'

'School of Earth and Environmental Sciences, Seoul National University, Ishlsh2311@snu.ac.kr
?Korea Institute of Geoscience and Mineral Resources

Machine learning techniques such as neural networks and tree based models have performed
well as data-driven models in various research fields. They lead to great achievement even in
solving complicated problems, but their performances are dependent on the data distribution
or separation to train-validation data. With the advent of super learner technique, sensitivity
caused by data selection as well as model performance was improved by combining several
candidate learners. In this research, groundwater potential maps for mineral water were estimated
by designing the super learner algorithm that combines several candidate learners: boosted
regression tree (BRT), deep neural network (DNN), and frequency ratio (FR) models. 10-fold cross
validation was conducted for all candidate learners and super learner, their performance and
stability in validation and estimation processes were evaluated and compared to each other. As a
result, super learner with logistic regression performed with superior performance and stability
to the other candidate learners in overall evaluation criteria. This study demonstrated that
super learner deserves to be a good algorithm, when more than two learners are given and their

performance are sensitive to data handling.

Acknowledgement: This research was supported by the National Research Council of
Science and Technology (NST) grant funded by the Korea government (MSIP) (No. CAP-17-
05-KIGAM). This subject is supported by Korea Ministry of Environment as "The SEM projects;
RE2020002470001.
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National-scale estimation of potential for mineral water
using tree-based ensemble learning

Hye-Lim Lee'*, Dugin Kaown', Eun-Hee Koh', Sanghoon Lee', Kyung-Seok Ko? Daeha Lee', Kang-Kun Lee'

'School of Earth and Environmental Sciences, Seoul National University, leehl6114@snu.ac.kr
?Korea Institute of Geoscience and Mineral Resources

Groundwater in some aquifers are suitable for drinking when contamination sources are not
involved to degrade the water quality and aquifer matrix provides proper mineral constituents
through water-rock interaction. Groundwater quality is closely related with natural environments
along the groundwater evolution paths from surface to the extraction point. This study applied
three methods such as Boosted Regression Trees, Random Forest, and Extremely randomized trees
to estimate the spatial distribution of potential for mineral water. A total of 6,135 groundwater
quality data were collected on a nationwide scale to determine response variable. Environmental
factors such as altitude, slope, drainage grade, effective soil depth, soil texture, land use, and
hydrogeology were served as predictors. After training process, precision-recall (PR) curve
was employed to validate the three models, considering the data imbalance. Validated models
produced the spatial distribution maps of potential for mineral water and they were very similar
to each other, proving the reliability of the models and the results. In addition, the top 20
most important variables were determined from each model, and partial dependence plots of
commonly important predictor variables were produced to depict the dependence between the
target response and the selected variable. Consequently, specific land use and soil texture showed
positive correlation with the response. On the other hand, specific land use showed negative

correlation with the response.

Acknowledgement: This research was supported by the National Research Council of Science
and Technology (NST) grant funded by the Korea government (MSIP) (No. CAP-17-05-KIGAM).
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Groundwater level prediction using open source deep learning frameworks
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Cretaceous syn-rift to post-rift evolution of the Mentelle
Basin on the southwest Australian rifted margin
(IODP Sites U1513-U1516)

Eun Young Lee'*, Erik Wolfgring? Maria Luisa G. Tejada, Seung Soo Chun'*

'Faculty of Earth Systems and Environmental Sciences, Chonnam National University, eun.y.lee@chonnam.ac.kr
?Department of Geodynamics and Sedimentology, University of Vienna
3Institute for Marine Geodynamics (IMG), Japan Agency for Marine-Earth Science and Technology

The Mentelle Basin is a large and deep-water basin located beneath the Naturaliste Trough on the
southwest Australian rifted margin. The rifted margin is underlain by thinned continental crust, which
formed during the Late Jurassic to Early Cretaceous rifting and breakup of Greater India and Australia-
Antarctica. The Mentelle Basin lies to the east of the Perth Basin, to the west of the Naturaliste Plateau
and to the north of the Perth Abyssal Plain, which share tectonic and depositional histories. However,
the formation and evolution of the Mentelle Basin have not been well established due to limited
drilling and sparseness of geophysical data. In 2017, International Ocean Discovery Program (IODP)
Expedition 369 drilled four sites on the Mentelle Basin. In particular, two holes at Site U1513 on the
western margin of the basin penetrated through the Early Cretaceous volcaniclastic-rich sedimentary
sequence spanning the syn- to post-rift phase [1] and into the syn-rift volcanic sequence [2]. At Site
U1515 on the eastern part, drilling penetrated below the seismically imaged breakup unconformity
into the Jurassic syn-rift strata [3]. Drilling at Sites U1514 and U1516 in the central part reached the
Albian post-rift sequence. Using a combination of shipboard and post-expedition data, we interpret
the lithological, paleontological and geochemical characteristics of the syn-rift to post-rift sequences,
and then refine the age-depth model and assess the depositional environment since the final breakup
with Greater India. Based on these results, we discuss the depositional and subsidence history of the

Mentelle Basin and its implications for the evolution of the southwest Australian rifted margin.

[1] Lee, E.Y., Wolfgring, E., Tejada, M.L.G., Harry, D.L., Wainman, C.C., Chun, S.S. and et al., 2020, Early
Cretaceous subsidence of the Naturaliste Plateau defined by a new record of volcaniclastic-rich
sequence at IODP Site U1513. Gondwana Research, 82, 1-11.

[2] Tejada, M.L.G., Lee, E.Y., Chun, S.S., Harry, D.L., Riquier, L. and Wainman, C.C., 2020, Data report:
petrology and volcanic stratigraphy at Site U1513, IODP Expedition 369. Proceedings of the
International Ocean Discovery Program, 369. IODP, College Station, TX.

[3] Wainman, C.C., Borissova, 1., Harry, D.L., Hobbs, R.W. Mantle, D.J., Maritati, A., Lee, E.Y. and The
Expedition 369 Scientists, 2020, Evidence for non-marine Jurassic to earliest Cretaceous
sediments in the pre-breakup section of the Mentelle Basin, southwestern Australia. Australian
Journal of Earth Sciences, 67, 89-105.
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Study on early animal evolution and Cambrian explosion in the Greenland
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Hydrochemical variation of groundwater due to groundwater heat

pump operation
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Mechanochemical effect of minerals on the behavior of fault
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Gas hydrates: Issues for long-term productions

Joo Yong Lee

Petroleum and Marine Division, Korea Institute of Geoscience and Mineral Resources, jyl@kigam.re.kr

Korea has significant hydrate resources, which, if developed, will improve its energy security
and meet its growing domestic gas demand. However, there are still several challenges to
commercializing hydrates, such as technical issues, high costs, and environmental concerns.
Further research and development could potentially address and overcome challenges to
commercialize hydrates. The technical challenges include geotechnical hazards, sand production,
flow assurance, and artificial stimulation. Potential environmental risks arising from gas
hydrate production include uncontrolled release of methane into the ocean and atmosphere,
ecosystem disruption, and seafloor instability. Similar to other unconventional carbon based
energy resources, technical challenges for more efficient and safe production rely on advancing
cuttingedge technology in geomechanics, such as enhancing near well-bore stability and
controlling fines migration in reservoirs. Gas hydrate production induces pore pressure changes,
changes in hydrate saturations and fines migration. The systematic and extensive experimental
studies revealed that these phenomena would become huddles to overcome for long-term gas

hydrate production.
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Hydraulic fracture propagation in soft and viscoelastic
layered formations: Photoelastic observation

Soo-Min Ham*, Tae-Hyuk Kwon

Department of Civil and Environmental Engineering, Korea Advanced Institute of Science and Technology,
soomin.ham@kaist.ac.kr

Hydraulic fracturing is a way widely used to stimulate low-permeability formations, in
particular shale formations, and to enhance oil and gas productivity; however, prediction
of the fracture propagation and geometry still remains as an important but daunting task.
Among many factors affecting fracture propagation, such as in-situ stress, formation rock
properties and injection fluid property, this study explore the hydraulic fracture propagation in
discontinuous media, particularly in layered formations. A series of two-dimensional hydraulic
fracture experiments was carried out with a gelatin plate. Herein, the stiffness of the gelatin
was controlled at three levels by using different water-to-gelatin ratio: soft, medium, and strong.
Thereby, gelatin layers with different stiffness were prepared in the gelatin plate samples. The
fracturing fluid was sugar water and its viscosity was controlled to be 10 cp. During hydraulic
fracturing with constant flow rate, its propagation was captured using a digital camera and
the fluid pressure was monitored. From experiments, two contrasting containment behaviors,
which were crossing or dilation/arrested, were observed. The fracture propagation was observed
to be confined by discontinuity where the fracture propagated from a soft formation to a stiff
formation. By contrast, the fracture was crossed the discontinuity when it encountered the lower
stiffness bounding layer. In addition, a photoelastic analysis was conducted to identify the stress

distribution at the fracture tip near the discontinuity.
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S A B0 BT AAEL F2 Y, AY, EF, EA0I8/ME, AFTE, B4 L 71%, B5S @
%, A4, SEAY AR, Asked], S UE 53 2L AR5 ol AHYU o] 7HE 4RSS o}

712 A (Multi-Criteria Decision-Making: MCDM) o]-&sto] A4 A= W9 ZF ZAlof 4=
(weight)& Fofoto] 25 7itet & ALoA+= MCDM % AlS3st £4H(Analytic Hierarchy Process:
AHP)= #8310 i 471 FEER A, A4, A3, &), 57 1270 Il sl Aot 4=
4 QRS 25k 7 IS 27) 7HSAIE BRI % /i GPMIt 7] DBE #5510 Sl

= YA AR/ ex. H Y5 2He] WS &3l =A AlARE GPMY| YA|7F AA| = H|gego] =240 o
o} @55 _'_oﬂ S} 01]7810]1:]-
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Ct7 |2 AFEE7 ]2} GISE o] 8¢t X5t A&
SMET Il
Developing a spatial analysis tool of groundwater yield based on MCDM and GIS

ghats)x oA
Changhui Park* Sangcheol Lee

(F)X|R2121, changhui park@geogreen21.com

7)1 &9 AFE A7 H(Multi Criteria Decision Making)2] 3lt4Q1 TOPSIS (Technique for Order
of Preference by Similarity to Ideal Solution) B3} GIS (Geographic Information System)< 7]
o g2 Z5te A4 B4 At TFE /St TOPSIS W2 vt 7159 B7Ea4e} dijt
(Alternatives)o] o1& 7HA 4 W 7t 7|29 7HsA|et A5 ekt gk 2 7 tieky} o4& Ql sf(ideal
solution)2}9] 71515+ A& AAksto] B tiQte] Hg Fofsto] 49| tiehE 2= o). A5t
O A TS SYEAS HIESt SAATRS, AtE B, AT 5 TR 840 IFE
HHA BB E A B A 9E 71718 wie- ThdstA YEhd B710l] ofwo] gloH olE A5ty ¢
Sl TOPSISHHS -85t A2 shte] siadieto] & 4 ot FI7HA| £33 E Aot RA ArE25F
B Aol AF2/dT TR AR AE6te] database® FEot= A7t AYPE|DL 9loH o ARE
2 QA o] 7]Hkst AR ER GISETo] o5t 27t W42 o7 Q=L ESRI (Environmental Systems
Research Institute)At9] geodatabase ¥ #&| =75 0]-85}0] |5l A4 A7E TOPSIS &-80] 7Fs
St FEIZ 7155F9 L Spatial Analysis =75 7]9EC.2 TOPSIS At T75 34T} ArcGISAAIZE
+ Pythono] 7|5FeF AREA}F = 7do] 7hs5to] o] & o858l ArcGIS Wi = ©50= Ad7ksdt 2
CE A5 S polygon©ll $4 E(attribute table)® A2 A} AFEA H7F Q4SS 7|Hto g
TOPSISEA] & $AYE 4= 9 &9)7F Fo=lo] A= YepA ot & A= 7 A5t Ak
EAETE FR9Y Aok Az0| H8oto] Aok AR S BAGIe ™ B e 44 9 A8
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FE 255

QOIEr| XI5t4 SAE T R|E ZhAfutot o
A study on assessment and mapping of groundwater quality in watershed scale

e o HE, g2
Rak-Hyeon Kim'* Young-Do Yeo', Jong-Geun Jang', Kwang-Shik Kim?

15+2SHAZIEF EQFX|514~K], acezeta@keco.or.kr
2F) M

= A7 Aske wE 7| 2ARRE 85t A 2 FAE B7RL, S Ak A =S
2ok wetoll diste] el Holtt. & Aol ARE 7| 2ARRRE Aok o] SAIE gt F7]d
A5 RSk AR R A0 AY 9 v A Bl Auns BT K A5 A ES nHd
ARG oqeke] Aok 52 Ejet FARAS AAlsto] olo] mE FAAE 24 Hete] tfsja] 27tEoR
V&5 AR R E Lo A Z-LQ_?_ 2|51 84 x] T ZAJHroLe. Z|5)4r0] S AA e ° 24 7t ATke}
AL, EATE, 099 § 54o) BE HuE FHol] EASK: B0 R AEsiglth B3 3714
0.2 ofsieh Al BAAE TS} B eIl distel 1S oK S

=
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X5t +EX|=(GWQDE 0| 8st 27 MY It
Evaluation of Applicability of Geum River Basin Using Groundwater Quality Index

1AM Nz ofxHel
Kyung-Seok Ko* Dong-Chan Koh, Jae Min Lee

SR EARIAT22] X5~ HMIE], kyungsok@kigam.re.kr

FAARWQD A B7He ANHAQl Aol £42 B7Hd 4 Sl W¢- S8k GaAQl &
Tol7] fizoll 19 Aol9]  BE7H R o] & & U Aotk & =
HYEAR 18171, B4 24270 L= 1071 4882 o83t SEAFGWQDL ARZAFHQ) 71
ol thgt A8 BIsIGIT Aoty AR p= ZF AP 7R5A19] Abe)7t Y= F AAKSingaraja,
2017; Adimalla and Qian, 2019)9] W< H-&sl¥oH, AFAd e+ F4H &9 EPA RS 28
Sto] A A v FAAHQE AlAtetgith & Hiol s Fojzl A 9] GWQIE "¢ 4
(excellent, (50) A7} 22t 88.7, 96.7%°]19 2. E&H(poor, 100~200) 17145 A|Qshd 2F: 24 o]
Aol 24& Yetfiolch NO,-N 37 £EE GWQISH Hlwet A3l A2 o] Jode HojF ot
NO;-N7F H=5 7|91 10 mg/L olstoll = E7-6k1 GWQLE 25 oS Ut A Yyttt =5t A
TA Y A6l GWQIE S4FEI= dHH0R =11 WEo] & AL I 4= lleu, 27 54
9] ZpolF HolFA|= Lttt B4t 2o Higt Bty A7 fIEAAIHQE oS ool His)
Aret A Z47F 82.5, 84.2%% -2 & 7Fs (DT M9 3 7= AL FUT &= AgoH 19
H03) TH2 1% "Rkl Ao = Yehth o] Bof A9 Aot dAtdd 2ol tigt AT A
W0 2 T3 SRolgh 4= QIlth. & AollA Aol AX| e YA 710l 28 AT 2TE 5
o 2 FAAok FAAEE Aol B tiE L AFEINO3-N)o 9Jgt Aot FAH7 R TH= A4 =
QIR 7HSA 9] GWQIE oI5t 59 Aol Ao ¥ijto & -8 4= A= 7= SRl 4= 3l

A
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320] QHIX|5140] Ity |2l U O X|AIX} £E S4

Distribution Characteristics of Natural Origins and Contamination Indicators from
bedrock aquifer in the Geum River Watershed area

Z[SHp HEY, DS
Hanna Choi* Hong-Il Kwon, Dong-Chan Koh

Bt A[EARRIIT2 X[ 2tF A2 X[ot=I7HIE], pythagorasS84@kigam.re.kr

7|E A R g2 olFAE EERY Aske ATt HwY OW %Oﬂ%ﬂ EH«] A] oH FHEH
= t#st71of AA A 2APE vIESHAH. o] Aol B =
E/43} QIARE mefskarat syl o & fls 4 dY Wl 3ok Aot 7}-41] %fcﬁx—i ‘%T‘Zl
SHA| tHES & AT A= Aok 1287145 A6k THA] oW 2ARE Hig oz AH B
O] XYY B SHYE 74%, AIEAY FHEE 26%E FAECoH 452 giio g A4S 4
Pttt AFAY 7] Bkt s BHIA 500 £S/cm oY w2 A7HER gk Ko, i3
£ o] HtgH Ao g ojAFoH, o= WK Aske7t thi-Z 300 £S/cm °IH9] g2 7HAl= AT
gtai5] TEE AL ATA Y HE] Aol 5852 AR E T 99lot /M8 A g8 ow 8
£ &85t0] AMEShe Ak B A0 ARSI T8y Askero] FiMddAaE Hes 7S HolA
—t« AEo] AA9] 13%0] Gt A2=E FAME O] A|5k0] 3-8 Al o7 o 20 & wslgict. o,

NO;2t Cl 22 NO5&F SO 2] 2 A=+= HERE HoFS HoA| ghol dAd A 7]¢o] Aot ithe 5%
250 oJet A0 2 F5E, o= AR FHo] iR = 9 To g AMEE A YRI5t ATA|
AoflA E4 o] F&7F 10 mg/L o3 = A UEhth= W0l i EASIA=t, 719 BT A&
o] Xo#] kot AL EA M AR o] SjA57] oM = nlFe4S] F4 H F o et B AR R}
Hn 7 RS A0 E ofAZI

tlo
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=LA AKXl E x TAMHEH HA{S =
X5t =& E42IX} DB A50M FEE 24 S 0|88t
A2 4E g1t 2M
Effect of data inspection using principal component analysis in construction of
the database of hydrogeochemical parameters in groundwater

AEYL2 NEAL2 ZAS2 O3, ZLEeH?
Hong-Il Kwon'-2* Dong-Chan Koh'-% Sang-Ho Moon? Jae-Kyoung Lee3, Yongcheol Kim?
138k | oistcfsralcistm ZHEX|5HXtS! honglk@kigam.re.kr
251X AR X|SH4~ 01 A MIE]
3K-water X[5}~2 2815

T Aot SAAE S et 7I1ZRAR SHE Q6] AGHY A5k 7| 2RARE 0|85t @%F
| 38 A=0] Aok =4 oo A(DB)E 5ottt = %@‘.Oﬂ HIE = B RAL A
Ql 538, X1k, A5 At F 2370 Al BAEAY, @4, o3tk

= 23E A5k 44 DB E&9} Y A1FA A1 WS A AISkLL A5k
Eig 384 %ko}ﬂ AOH Y=t
HE Aoty 4 FES T 147K FEOE JAREEFE, F4), F4/AR 5T &, @drE

. pH Z\_7]X%EE(EC)) Fol&(Ca, Mg, Na, K), 183 0] (HCO;, Cl, SO, Cho.z F4=o] glrt.

01 % Fol2t ol Eol= F80]2 EAANS] A= AEE F 9AR P A WA oA
= ECS&‘r Jol2 52 Fol2 FgS BluFh. ECe ol EPE@ 4 5ol FFRe HlEo] 0.8 - 1.2
] RIFt F WA= A HA 7]EE B AR lance error;

3l A5t CBE= 72402 10% o2 o}, ﬂPok l %%@ol 3 meq/Lola}] 73

201&9] A7} 0.6 meq/LolstE CBE7IE2.& °F 20% OMF WHESH= AR ST AASH
01?—1 o5 HJ%*% ol-gsto] SHetEAI} A7 YA BT 4= = LFE AT

Aot 44 DB 154 A= AEY A4S B7lop] Yol HEHA] ¥ Azt AEH AwE 74
4 7| & ol-8-oto] HlwslGitt TR BA2 A £49 A0 HolHE AWH O R AT &= gl
HOV S Al gttt & B4 A= Aol Qe p/lY ¥ JekS Agwgdsto] &l £2
£ AR AEE0INA 2 mA Y A2 AFHSE EEols 7[Holth F Aol 4 DBE AR OE F
EE0] 2 HIUt ol A5 A ol4A7L 8] HA DB 4o 9 Fol A4 e FEAE 24
o] olf & Z o0& Tt wtetA Aok 44 DB 1504 AE ARE HEoh= At 244dS &
HojEr

<ln:

I‘LII‘I(“F
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1= 26-1

K|St L OjM|Z2tA B e, 2H U HF Qi
Study on occurrence, fate and transport of microplastics in groundwater

olFlg! Max! #r|d, Zs|!, otxlyg?
Jin-Yong Lee'*, Eunju Jeong', Kideok D. Kwon', Heejung Kim', Jinsung An?

1Zt@Ichstin X| &gkt hydrolee@kangwon.ac.kr
2M|Cst Hio| @3t A Z st ut

M E 22 E (microplastics> RS2 I717F 1 mollA 5 mel SeHAE S Dbt ot vjM St
AHo= 2R H 54 538 7L 2 ARt A(1A viAlESRAE, dE Sof Aok 3K 59 1t
2A S)FH & 2719] EEtago] ofF T2 Sl A 203 AQA vIAEAE)A] - Thef
sttt ot mAlESRAE | O3t SigRE LA s EAlel TRt At AES] Aol Ty S
o9 mAERtAE ] B, 21 9 AE0] Bt A7 A FESIetl 53] AskrolM olgd] AE
S0l B3t A= 79 flem AlARCRE 79 &2 o] gtk < 201990 UeieolF Tl AE
5] Alslpoll Al mAlEStAE o] WAE o] sHA|9 2 Fe 715 St 2 f-EuEtol A vl
STRAE O tigt =lA JAT f27E Axgol et FF 55 SHOR o5 AR 2, A
HiA % /A FF Sl Tt A77F BAH 2 AIFE . 2 dFolM e fEuRt Asteol A uAlERks
B dd, 21 3 7Ee o 9A RARKAL A7 A7 AAR
A 21 2 A2 9359 Al o R A=A edl nAEtAY 24 9 AsE87 7€
ARG O] A ¥E ot A7 F U TH2020003110010).
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SER|ot0| X[t LY DMERIAL £ 17

Occurrence of Microplastics in Groundwater in Rural Area

ez olnlg, 48y
Eunju Jeong*, Jin-Yong Lee, Heejung Kim

2eIchtn X|ZI5kat opal6is586@naver.com

o] M| &2tAE (microplastics)Ol#F 1 mOA] 5 mQl ETFAE O R QA0 g A|ZREAY A EtAEH
of tpFet & -3}5Hd Falg S AA FAHEh X 5& EYOIA vAEEAE o] HAE Itk Bt
A= Stk A2 22 PAHd= #=017] S8l vldshe-A, HA, AgH, stegefA| vlg, S
g 378 Ao He ") 5 Eetago] otE TRt AlES ARk §loH 9] strEEA] Hlge] - Al
B AdRot 22 oY vAlE E]'/\E]Q okl qlof ofof gt 2|7k S7kstal loh. E3t, Egol EA)st
= VAISHAES EY U 8, EFHEY 5225 49 A=, 25 5ol sl Jo] 7K43)
F 4 em £35] 50 m olste] A7) Ao fYE 7hsAdol  ALE Bt Iy E, A
4= f mlAlEStAE of 3t Aol BIs) A5t W mlA|lERRAE o et Al Wi AIRH 0 & d mjoto]
A= o]Fofx|A] ¢kl Sk, whehA] -2uete] tiE4] SADHAGR] FF SHEAIE tFeE AnF
I} FTIRZ o|-&5te] Aot W E2Ast= vlAEAE Y S5, 27120 m-5 m), FH, /s =E EA45HL
Aol o] & B9l thfet EetAY o AlEE AMSShe 5 o] Alskro] nAlE JdE HreW At
=g

2 3t o] PO g =AY 7| EUO] nAZeAEH 24 9 YejAdE7t 7|&
ZNREARR 9] 2] & Bho} ﬂ% 211 tH2020003110010).
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R[5t 210l DJMBIAE) A e

Modeling of microplastics transport in groundwater environment

2|y QM1 0TI, A7 |H! oFFly2
Heejung Kim'* Han-Sun Ryu’, Jin-Yong Lee', Kideok D. Kwon', Jinsung An?

1ztelciatm X|Z&staf hydroqueen@kangwon.ac.kr
2M|Cst Hio| @3t A Z st ut

: d S ¢ &4 T vAEEAE B e skeAEAolA o nMEetAaE ] 22, el
Ae] mlAEErAE o A B A=A W] vAlEStAE | et A sl e wAlERtAE Y g |
BE 5 O &304 d77F A=A 22 Askegd oA mHEetAE Q] AEo] Het A F
T/HA] o] FolR vh7E gl & Aol M mAlEStAE Y JAFH, 271, SF, A= 224 5 sk

SE0f T ol$d/ S BAske 4 o E S titt Add B £1 A€ S A @S Wdske
=3 vAESAE ASH7 BES A Rt AW A REE RoRitt. Eopd WolA o nHE
HAE 9 FEE BARE] skl ths/d i WolAle] 2ol YAte] et o]S-EAg g Ae o83t

UNEERAE o] E] A AE UEL, AE S22 i B9 JRbe] FaE dERlt:. &
3o SHAE FaLsto] Aigg A A4S S8 vIAESAE Y et A SA Aske &
oA vAEEAE Y AE RS E3 viETtAE 20l tiSshe MR AlotrAtd 2 Bl 7A]
2|0 &8 7Fs et 7| 2 AAIS LA} et

Ol

A 2 2 ME% PR Yo sHEE A7 &Y9] nAEetaE 24 d BTt Ve
ZEEAR] O] A QS ol ] 54 TH2020003110010).
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FIEAEX|Y X| £ U X|515 O|M|ZIAE!I TA} 0171 4l Hidd

Survey research and method of microplastic of surface water and groundwater in
Karst area

st 25y, o|zlg
Han-Sun Ryu*, Heejung Kim, Jin-Yong Lee

2cfistm X| &Sk} rhs@kangwon.ac.kr

FZ vHIERAE 290] AP WS B Ut vAIESAEE dAAY17E 5 mm o3k 1A E2t
LB o, 208 B uﬂ% &30 Al FrEE 45 HSE o] AlE F A TIEAE AR
sbdet o okt Ao 2] AEx7E AR 4A FUE 4 e AdE2, 2, E2]ol)o] g
Eo] o] Aok W vMEtAE R Q1% Hs7} 6% & ACR ol dEnt. st @A) 7l2AEA S 4]
st Wl mAlEEEAE - 2 ob et RART O] it E E3F 473t o] Aoty uhEhA & Aol A
© 7IEAEA Y A #4504 A5k Y] vl ESAE Y EARTE ooy, EAFH T sE, AdeE, &
T, 71, 2F R AE 2ARE o olnt. EE A Ep0} AJslrollA 9] mAlEERAY RARTHES AtstL,
4 (Raman, FTIR, TOF-SIMS)O] e} vl EStAE HERAE walstals} gtk 712 AEXS A&
ot Aslro] A 9] mAERIAE A 2T AFE 5 FF A5k Wl viAIEEtAE Aol 7FE A
HEEARD) AYHE AASILA S, B 7Hsdt 7|12 A= S AlSotaLal gt

B

ZAe] & B ANEL 350 Yoz Bt A 7| &9 nNEEtAE 24 9 BT V&
ARG 9] Xl%% dhob 5] 9154 tH2020003110010).
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X[staLh DMIBELAL! 745: SABEsHs 2

Transport of micro- and nano-plastics in groundwater: The environmental
mineralogy perspective

"o, M7
Hyeonah Myeong*, Kideok D. Kwon

Ztelchsti X|&stat gusdk6425@naver.com

A, d3EF, £ A 5 thFs ARCE A AAFCR Azt oF 39 Eo] Al AHIE
2 AZ-EE I ok 11 9 B2 FY EEAEE 5 mm o5kl lAESAE B 100
nm ©|5HQl WeEStAE FEE s, A|#p, Alotrol] f-E5™ L s/l gt A7t oA 23]
I ok 28U vAESAE Y] fof ol et Aol sl AHAeHE WollAe] Aol thet At vl F
Z3hH, 59| A5k Wi w4 ]EEV\EU &gl et A4l ARt & 4= QU 71E Aske W Hien)
As ATl ostd, 45 SE=S] FHStelo] WentE 29 A 484 583 Adg= 3t
G A Ut} Ak Yl HAIESHAE Q] AT FA|, FE EHRO] JoAgol o) 2HE AR o4t
SHATE g2 EHOA Y u|A|EeAE Q] F2F A2 ARt AHSHAF 0= o= S ot o]

Ao A= 5 ng/em? AE v T2 AFS 24T 4 = A XS5 AHpiezoelectric quartz crystal
sensor}& B-&5t] &FE U WA ETAE F2H/ZA 119 AHIAE A stA g Oﬁmﬂroﬂ
Al HojR|= A7 £ (deposition rate)= A5} -5 HEof 4] Mg ARESHo] Hih AlFE =2 0|4
EUAE As BEFo] 7]ojd A= 7|t E .
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L = 3 = = =] =

Z35I=2 Qlst O[M|Z2tAElC| 2|5t &4 X
XN AN ==x =
a4 S2EY He

Changes in physicochemical properties of microplastics and their sorption
characteristics for heavy metals by aging

OFEIgL2* Z|si=2 0|73, #7|d3 2eH3
Jinsung An'-2* Hyung-Jun Choi? Jin-Yong Lee?, Kideok D. Kwon?, Heejung Kim?

MZCHst i HIO| 8t AZ 5, jsan@semyung.ac.kr
2 M|t Bt OHHAIAEIZ St At

!

22tichstn A|5ista}

EAE Q] gt Aol w8 FOo8 ujEE o] ZRole nAIESAE Y o B3 §46] S7I5H
o}, ol2gt A ESAE 2 1 AAE BEA ] E4S ot oHANE thE QAEL9] o|FAR 2§
sto] YEA0l| T2 7|1A]7| & gttt & AtoA = vAESAE Y] F3Kaging)ol WE Fa4(As E Cu)
o] SHEAS B RN, FFE o|FAZAY uAEHAE Y ITS RlstaAt opitt. 7HaA & A
77} 23E o} IA] 92 5714 EAE(LDPE, HDPE, PP, PS, PET) B3ls 124} 4&7|(LME-TUS,
Dynisco)& o|-&5to] AR 2 A=xskal 100~500 pm Zo]2 dest & oA HI(254 nm)of| LEA]
# FEo L FASE FEotoit ol9t WEH 08 FAIENS-S o84 3F5h4 F3hE HAFsIGiT: HA]
EtAE 9] T3Pt APEo] mE EE3tetd B4 WslE g9iohy] Ao 2 287, 2HAY 9 ¥&54
55 24519ttt nASetAE 9 Fstet SH4 T2 AATY] BAIE BRIs] A, Ase Cudll Hisl 52
ST S oto] ATE HHEAGIGT £ ATE B9, 53 o|FAEAY A EgtAH Y] AT
RIFto 24, AFeH4 F uMESAE e o449 ded ZAE ATE = U A= 7=t

A0 2 2 AThEe S50 Yo R FReAA7I&e) tSAE 24 W SsE 1%
ARl e] A2 ot 75 U TH2020003110010)
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pds

O|MZ2IAE AW ax|2Est St
Status of International Standardization of Microplastics Test Method

et
Jaehak Jung

st2E M4 jh3370@naver.com

s

A ERHAEE o S HIRRE &g, SR Qo SAA = AR EE, 1Y, A4 B), ‘31“5

TE D ALAZHFAA 5), 7 IFsAEelo] 5), EX(HI R/ 5F '3) HIHFAE 5 &
A 5to] QA leEE I QlofA, nAIESAE ] FA &5t ofy et HES e =AY A
T3 ATE S F o= gis] A= Qlrt. < COVID-19 pandemic 0]—.— A58 ETAE AR
7t 9 PP AE 2} npAH 9] Fot H|7| & Q1% A ALo] EAE S A0l B Az 1L Sl Aol
HEAQ] A EEAY EAHS A #gohd Y GEGIE o8t HHOE UrojXit: HEH o
& AMGE o2 AR -A gy 9 SRS AMSohs £0eH 2 vAIESAE Y B 2

240 Al7to] wol] A-itk= H3 F4 7hse 27100 HA7E 7100, ol& Eslr] ste] FESHE o]
|2 A "8 /do] oA ok AEA FE AR pyrolysis-GC-MSY] ¢ MEH| =AU
& e ARl AlRFo| B R the S A R £41 o ofE|Ro] lom EAA| GE6] gas7t HF GC-MSE
FAEn g HA 2FE 4= ek o|= A Ysto] TGAS B35t YEF| gasS A&t 1A EZ2HA o] &
ZIA 7] & o5 thA] g2lslo] FE| YAHES A O}h TED (Thermal extraction desorption)-GC-MS
o] £ BAMAEAZAT2)0l 23 L=, @A 1SO/TCO1(E2HAH)/SC14 &)/ WG4
(AAIEIAY) FAREUICE ARt o] g 9 Aot} 22 AR BAR 0l EE7Eo] 2350l
o} @A ISOofA= of2] TColA midE =4 =3 F41517] figt E5o] Hi$- &dsict. 53], 7H) ”Vi
TC61(Plastics)ollA 2018 Al HEIFE AIAF6IRL, ©1F TC147(5E) % TC38(A-MolA AltiER
AR/ B & BESPL PGl Fo 2 1S09 oy TCE wjAE EEA o] cd=]o] TCZ JWG
A 4 X35 91t o7 Ay Fol FF W B} o dEh o]d £ AFolM = wAEEAY =
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Reference:
ISO/TC 61/SC 14/WG 4. ISO/NP 24542, Method for analysing micro plastics in waters with very low

contents of suspended solid.
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Brothers sljA{AH2] O} 10}-4 AJAEI 011
Magmatic-hydrothermal system of Brothers volcano

O3z M=
Hyun Joo Lee*, Jung Hun Seo

OlsHCf{atal oL XX FZSEH}] hunjunu@gmail. com

Brothers 3k BlHSF siA A|wo] 5.5 siA|A |5 ol & A Y5h= Kermadec arc @0l A3t ZH|
23 sfAstAto|h A od QEARRHE 8ot E ShAk A AQtO R o]0l glom, A *1]74101]/\1 HI1EE= ofA
A &5 T 7P & 1R g5 D52 7155k Utk oo W} IODP EXP. 3762 A= the 39 &
& &50] Yok A2t BAZE YH(NW Caldera site)} A2t S415-9] 244F Z(Cone site)oll A Al
F=4

= 285t

B AL 95280 o8] B4 Tt ol ARTE(FA L, A%, 5744, Buta) tolA AE fA=
459 microthermometry, Raman £33 £4], LA-ICP-MS £4-& A5t 44 U9 = As, Cs
TF 52 B0l thE oA I AAHOAET D55] =2 vtant 7] =g ERIT 4= Ut Fl:?l’%'h: -+

ML B OUfBr 20 0 FES] S} HIS R nh1e} o) ol oo FATIHE F4E A
AR, Mg-3114 S 53] ket 29MES 02 Qlsjol 314 FHAZIE w0l 24 o] MgZ
UEAREE HelE, A3 AR 018 JUT Lol UL LT 2 # 95t 2, G, SR
nt 953 2 724 A4S Filel 9471 1% BERE Bl ol ATS 59 T4 o
Q4= 27 Hl1mk §4] 7lojet G4 A28 Sfsto] it AT AEY H&%} L EES P B
o o] Aol 34D 4 94eS A

g
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X|5te| ‘dztof| mpE Hc] =F2aele] oFEY et

— EHHE
The stability of subducted glaucophane with the Earth’s secular cooling

Hreob* &t5|HT ZIES! ASixY2 gf 83 F5Y 3 ukak24 Dmitry Popov?, Vitali B. Prakapenka®, Lin Wang®,
Hanns-Peter Liermann’, Tetsuo Irifune® Ho-Kwang Mao®, O| %}’
Yoonah Bang'*, Huijeong Hwang', Taehyun Kim', Hyunchae Cynn? Yong Park? Haemyeong Jung?,
Changyong Park* Dmitry Popov#, Vitali B. Prakapenka®, Lin Wang® Hanns-Peter Liermann’,
Tetsuo Irifune® Ho-Kwang Mao® Yongjae Lee'

109 Mlcatim X|2A|AEITSHI yoonahbang@yonsei.ac.kr
2Physics Division, Physical and Life Sciences Directorate, Lawrence Livermore National Laboratory
3 MShstm AP Er 2 s
4High Pressure Collaborative Access Team, X-ray Science Division, Argonne National Laboratory
°Center for Advanced Radiation Sources, University of Chicago
6Center for High Pressure Science and Technology Advanced Research
’Photon Sciences, Deutsches Elektronen-Synchrotron
8Geodynamics Research Center, Ehime University
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2 7] A7) Tt 49 27
it 20l e e o

Aoz 478 vt giolek. o] @;Loﬂ A 2R 4 e 4
A epifol e LN AHS SR, HATh AL Aol et 225 Qg Ae] H
o} 71k A2 SIS, AHe §YE] AL oI FIANE oF 240 kan G0l
St eis ek QAo GAErh M WER M) A @e)H 2Rase of
50 k941 100 km Zolo] el it £ WololH B4ulo] F43 Aol ER Hejgt. o]t

2 AL} FAE BT A7t BoIA, FRAMUL BTt 41 S4018-S 7o) oF 40 km Zolzrh
e elst 25 Helold A FA02 BepE ol Ak A7) Aojgel et )
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Gold and Tin Mineralization of Sulfide Chimneys from the
Ultramafic-Hosted Cheoeum Vent Field,
Central Indian Ridge

Sun Ki Choi'2* Sang Joon Pak?3, Jonguk Kim?, Jung-Woo Park’, Seung-Kyu Son?

'School of Earth and Environmental Sicences, Seoul National University, chlsunki@kiost.ac.kr
?Deep-sea and Seabed Mineral Resouces Research Center, Korea Institute of Ocean Science and Technology
3Global Ocean Research Center, Korea Institute of Ocean Sicence and Technology

The newly discovered ultramafic-hosted Cheoeum vent field is located in the middle part of
the Central Indian Ridge. Here, we conducted detailed mineralogical and geochemical study
on subsea chimneys that are highly enriched in Sn (up to 1,720 ppm) and Au (up to 17.8 ppm).
The recognized ore-forming condition is characterized by the steep temperature gradient and
substantial redox inversion of vent fluid during chimney growth; (1) low-temperature stage (250C)
consisting largely of anhedral sphalerite and pyrite/marcasite, (2) high-temperature stage (250-
365C) featured by pyrrhotite, isocubanite, chalcopyrite, Fe-rich sphalerite and electrum, (3)
seawater alteration stage distinguished by the mineral assemblages of marcasite pseudomorph,
Y-phase, covellite and amorphous silica. Gold mineralization intensively occurred during main
mineralization stage, together with high fineness of electrum (801 to 909%) that is indicative
of the selective saturation of Au over Ag in the fluid during high-temperature mineralization.
This differs from the gold mineralization in MORB-hosted hydrothermal systems on mid-ocean
ridges. TEM and LA-ICP-MS analyses represent that tin is mainly incorporated into the structures
of sphalerite, isocubanite and chalcopyrite as solid solution, and not as mineral inclusion. The
continuous hydrothermal reworking of previously formed sulfides enables the redistribution of
Sn to produce the significantly Sn-enriched replacement boundaries between isocubanite with
chalcopyrite exsolution and sphalerite. We suggest that the effective Au-Sn mineralization could
be favored by the low redox potential of ultramafic-hosted hydrothermal system such as in the

CVF, which may affect gold solubility and transport capacity of tin during hydrothermal process.
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Sesismic anisotropy generated from lithospheric
mantle beneath Mt. Melbourne, norhtern Victoria Land,
Antarctica

Daeyeong Kim'* Munjae Park? Chao Qi3 Sung-Hyun Park’

'Division of Polar Earth-System Sciences, Korea Polar Research Institute, dkim@kopri.re.kr
?Department of Earth and Environmental Sciences, Korea University
3Key Laboratory of Earth and Planetary Physics, Institute of Geology and Geophysics, Chinese Academy of Sciences

The NE-SW-trending fast S-wave splitting beneath northern Victoria Land, Antarctica, has been
regarded as the products of magmatism and lithospheric mantle. Microstructures of six mantle
xenoliths from the Mt. Melbournne area were investigated to reveal the influence of lithospheric
mantle on seismic anisotropy in the study area. The studied harzburgite and lherzolites show
various degrees of deformation due to lithology. The rotated olivine CPOs of five samples displays
clustered [100] and girdled [010], which is classified into D-type fabric and those of one exhibits
clustered [100] and girdled [010], that is categorized into A-type olivine fabric. Those olivine
types could be formed at high stress conditions hence subducting at Early Paleozoic and rifting
at Mesozoic could be candidates for tectonic environments. Seismic properties calculated from
the EBSD data show fast S-wave anisotropy along the olivine a-axis. The observed delay time
of 0.9-13 s could be generated mostly by the studied peridotites however additional source such
as melt-pockets is needed to explain the rest of seismic anisotropy beneath northern Victoria
Land, Antarctica. This study therefore proves significant source of observed seismic anisotropy

generated from lithospheric mantle.
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Morphological Characteristics of Ocean Core Complex (OCC) in Central Indian
Ridge using High-resolution Bathymetry and Acoustic Backscatter Intensity Data

gt 2 AS423 DYEN ZUEST ahakms a5
Gyuha Hwang'-%* Seung-Sep Kim?3, Youngtak Ko', Jonguk Kim' Sang-Joon Pak# Seung Kyu Son'
'st=eligtatst =2l M2 EXFAATMIE], ghhwang@kiost.ac kr
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45t nfel |2l LRI AHIES
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MANTLE HETEROGENEITY BENEATH THE SUPER-SEGMENT OF THE
AUSTRALIAN-ANTARCTIC RIDGE

Bt2311* Charles Langmuir? Peter Michael?, Kenneth Sims#, Janne Blichert-Toft>,
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Magnetic and bathymetric constraints on tectonic
evolution of the North Fiji Basin: Preliminary results

Alysse BEBIN'* Seung-Sep Kim'-2

'Dept. of Astronomy, Space Science and Geology, Chungnam National University, alysse. bebin@gmail.com
2Dept. of Geological Sciences, Chungnam National University

The North Fiji Basin (NFB), a back-arc basin situated between the Australian and Pacific
plates, was the target of intensive research between the 1970s and the 1990s. However, since
then, research in this area has stalled and few new datasets have been acquired. Previous studies
date the formation of the NFB back to 10 Ma. Then the NFB has quickly expanded and evolved.
Different evolution models have been proposed and improved upon since the early 1970s. In
order to verify and improve the current understanding on the tectonic evolution of NFB, we utilize
a recent global bathymetry to map out the large-scale tectonic structures, as well as a compilation
of magnetic data from the early 1980s to the start of the 2000s to lay out the magnetic anomalies
of the NFB. Main features in the basin include multiple spreading centers: the Central Spreading
Ridge (CSR), a mid-ocean ridge propagating both northward and southward, the West Fiji Rift
(WFR), propagating southward, and the Northern North Fiji Basin Spreading Belt (NNFBSB)
composed of three spreading ridges spanning the whole northern part of the NFB. North of the
CSR is a triple junction, which connects to a northern limb and an eastern limb. The eastern
limb spreads “en echelon” and connects to the fracture zone north of the Fiji Plateau. The
compilation of shipboard three-component magnetic data used as comparison to existing models
was acquired during a total of 114 cruises and downloaded from American and French online
databases, with the oldest datasets being from the mid-1980s and the latest from the early 2000s.
The data was provided in raw format and was processed before comparison with global datasets.
The shipboard magnetic anomalies are pinpointed and compared to magnetic anomalies modeled
using MODMAG, a program allowing forward modeling of magnetic anomalies with control over
the number of spreading periods, with different spreading directions or eventual asymmetric
spreading and axial jumps. Using this software, modeled data with known parameters can be
compared to observed data, thus giving insight on the formation of existing magnetic anomaly
patterns inside the NFB. This comparison allows for examination of the viability of the most
recent evolution models, as well as validation of the default Gplates rotation model. Throughout
this study, we are able to pinpoint the areas where further research is needed to fully understand
the evolution of the NFB. We thus establish a baseline of the magnetic anomalies present in the
complex basin to prepare for a comparison of the tectonic movements of the western and eastern
parts of the NFB using the stretching factor of the oceanic lithosphere in the basin.
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SXI 7S HEHSO| REHMsl THs A
Possible Re-activation of Locked Abyssal Hill Faults

SX[3* a2 DHER, Bixkzs
Je-Hyun Song'* Seung-Sep Kim'"2 Youngtak Ko3, Jang-Jun Bahk*
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The fate of marine magnetic anomalies in subduction zones: Global appraisal
from Japan subduction zone to the other subduction zones
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Investigation on the geochemical variations of mid-ocean
ridge basalts along the Central Indian Ridge from
14°S to 21°S

Vincent Clement'*, Jung-Woo Park’, Sang-Mook Lee', Jonguk Kim?, Sang-Joon Pak?

'School of Earth and Environmental Sciences, Seoul National University, clementvincent@snu.ac.kr
?Korea Institute of Ocean Science and Technology

The mid-ocean ridge basalts (MORB) from the Central Indian Ridge show a wide range of
geochemical variations within and between segments, and the causes for such geochemical
features are poorly constrained. At present, the Central Indian Ridge is located ~1000 km away
from the Réunion hotspot. Paleogeographic reconstruction suggests that the hotspot crossed the
middle part of the Central Indian Ridge (MCIR) between 8°S and 17°S at ~34 Ma. Previous studies
argue that the plume material currently flows into the Central Indian Ridge at around 19°S, south
of Marie Celeste Fracture Zone (MCFZ) and geochemical enrichments of the MORB from the
MCIR 14°S and 19°S segments can be attributed to a fossil Réunion plume component. However,
a recent geophysical study has suggested that the geochemical anomalies along the Rodrigues
segment (18-21°S) can be ascribed to the asthenospheric flow from the Réunion plume, which
reopened the debate about the origin of the enriched anomalies along the MCIR (14-19°9).

In this study, we revisited the MCIR from 14°S to 17°S with new geochemical data obtained
based on high-resolution sampling and ship-board high-resolution bathymetry data to constrain
the influence of the Réunion plume on geochemistry and bathymetry of the MCIR. The results
show that trace element ratios and isotopic compositions of on-axis MORB vary in association
with ridge discontinuities such as transform faults and non-transform fault discontinuities. The
MORB from the northern parts of segments display substantially enriched geochemical features
and the enrichments correspond to a shallower axial bathymetry. More importantly, these new
results show that the chemical anomalies along the ridge cannot be attributed to the influence of
the Réunion plume component, as proposed by previous studies. We propose that the enrichment
can be ascribed to some upper mantle heterogeneities sampled by the oceanic ridge or the
influence of a new large plume recently revealed by seismological studies and located under the

Mascarene basin.
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Biogeochemical transport of arsenic
in wetland microcosm

In-Hyun Nam*, Young-Soo Han, So-Jeong Kim, Jungho Ryu, Chul-Min Chon

Geologic Environment Research Division, Korea Institute of Geoscience and Mineral Resources, nih@kigam.re.kr

Arsenic (As) pollution in aquatic environments is a concern due to its high toxicity and harmful
effects on human health. This concern has generated increasing interest in the use of different
treatment technologies to remove arsenic from contaminated water. Wetland sediment has been
considered as a good scavenger of toxic inorganic contaminants. It has been known that the
microbial activities in the geochemical reaction of As in wetland sediment are mainly responsible
for controlling oxidation, reduction, methylation and demethylation. Also wetlands are a cost-
effective natural system successfully used for removing various pollutants, and they have shown
capability for removing arsenic. In the present study, microcosm experiments were performed
to simulate a natural wetlands system contaminated with dimethyl arsenate. Monitoring of As
distribution in the aqueous and solid phases demonstrated that the amended dimethyl arsenate
was completely removed from the aqueous phase and most of the arsenic species associated
with sediment were identified as inorganic As(V). These results imply that demethylation occurs
at the interface between sediment and water, and the transformation of As speciation may be
attributable to the microbial activity. The demethylated As(V) seemed to be adsorbed on wetland
sediments, and the As(V) was reduced to As(Ill) in the deep layers of the wetland sediment with

predominantly reducing conditions.
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Microbial effect in iron oxide/oxyhydroxide
transformation process in natural environment

Hanbeom Park'*, Jonguk Kim?, Jinwoo Lee?, Seungkyu Son?, Jinwook Kim'

'Department of Earth System Sciences, Yonsei University, cumaO415@yonsei.ac.kr
?Deep-sea and Seabed Mineral Resources Research Center, Korea Institute of Ocean Science & Technology
3Department of Functional Microbiome Lab, KoBioLabs

Microbe-mineral interactions in the extreme environment was investigated in light of
biomineralization that could bypass the conventional thermodynamic barriers. Particularly,
microbial mat sample around the hydrothermal vent area, recovered by Canadian scientific
submersible ROPOS on South Pacific North Fiji basin KIOST hydrothermal vent expedition 1602.
Various morphologies of minerals in the microbial mat observed by scanning electron microscopy
(SEM) showed sheath shaped and stalks shaped, resembled with several iron circulation microbial
species microbial structures. Biological association with iron oxide and iron oxyhydroxide
formation revealed the variation in crystallinity, crystal structure utilizing focused ion beam (FIB)
technique and transmission electron microscopy (TEM). Specifically, spectrum image (SI) analysis
and electron energy loss spectroscopy (EELS) analysis were performed to identify the nano-scale
iron oxidation states of hematite & iron oxyhydroxide, carbon C-K edge ELNES. In this study we
present iron oxide & iron oxyhydroxide formation and transformation schematic mechanism

with biological effect in natural environment.
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Internal dynamics of inorganic and methylmercury in
marine fish: Insights from mercury stable isotopes

Sae Yun Kwon, Saebom Jung*

Division of Environmental Science and Engineering, Pohang University of Science and Technology, jsaebom@postech.ac.kr

Mercury isotope ratios in fish tissues have been used to infer sources and biogeochemical
processes of mercury in aquatic ecosystems. Unfortunately, limited experimental studies have
been performed to understand the internal dynamics of mercury isotopes and to further assess the
feasibility of using fish mercury isotope ratios as a monitoring tool. In our study, we performed
controlled experimental studies by exposing marine fish to food pellets spiked with different
levels and species of mercury. Fish fed mercury unamended food pellets and MeHg amended
food pellets showed absence of internal §2°?Hg and 4 '°’Hg fractionation in all tissue types. For
fish fed IHg food pellets, the §2°?Hg and 4 '°Hg values of intestine equilibrated to those of the
IHg food pellets. Kidney, muscle, and liver exhibited varying degrees of isotopic mixing toward
the THg food pellets, consistent with the degree of IHg bioaccumulation. Liver showed additional
positive ¢2°?Hg shifts (~0.63%) from the binary mixing line between the unamended food pellets
and IHg food pellets, which we attribute to redistribution of liver IHg with a lower §2°?Hg to
other tissues. The presence of significant isotope fractionation suggests that fish liver cannot
serve as a conservative tracer for source monitoring at sites heavily polluted by IHg. Instead, fish
intestine, which showed isotopic equilibration to the dietary IHg source, appears to be more
suitable for identifying sources of IHg at polluted sites. The results from our study are essential for

determining the appropriate fish tissues for monitoring environmental sources of IHg and MeHg.
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Applications of MC-ICP-MS in sulfur isotope biogeochemistry
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Diablo TroiliteE 71%2.& 247} 0.21+0.42%(20, n=38), -0.04£0.63%(20, n=35)Z I=|qic}. £49]
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Temporal variations of nitrate isotopes in wastewater treatment plant:
Implications for sources, nitrification and denitrification
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Hyejung Jung', Bumsung Park'-2, Jisu Yoo? Yun S. Kim? Jeonghoon Lee'*
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1 A3 $H0=9)9 NO, -N F&t 2.84~10.50 mgL'(7.46+2.24)°]111, §1°N-NO;", §'80-NO;
, 0180-H,09] 4<% 10.56~16.60%(13.82+1.81), -4.86~-0.35%(-1.73+1.25), -9.37~-8.68%(-8.96 +
0.21)% 2179 W 9] tjollA AdA W52 HofF3irh SW1(n=9)2 NO5™-N, §°N-NO;", §'%0-NO;~
9] Z$- 0.70~3.48 mgL 1(2.38+0.70), 9.31~18.95%(15.55+3.07), -0.02~5.25%(2.61 £ 1.66)Z LFEFL
om, SW2(n=9)9] 3% 1.19~3.75 mglL (2.63+0.89), 10.52~17.31%(14.73+2.04), -0.02~5.39%(2.62
+1.68)% 27 Uetsttt. of=iet AuE S8 skpAl 2l Widol B o] Rl wish wl-g- 217] wizof
AHAAL T 9 FHeAH Holo] 2 92 FA 2= € 5 A B3 20199 94 ¢ & 51t 5t
Zof| gt HA et BF(1n=30)2] 61°N-NO; ", §180-NO; ", 01#0-H,0 4% 27+ 9.07~17.33%(13.42
+2.03), -3.77~-0.43%(-2.46£0.92), -11.55~-8.47%,(-9.00+0.59)2] M HE 7FA 1L 910 gt Loj 5t 1
77N Bt MEY T ARG P o® W2 FUAHE AL Sl 71 AAT Sl sty FAb
Sp7hEAste] BE AR Alde FH 23 H7|25E 7)Y He Aos FE AN oy A-ATto]
A slEA Al 37129] ofs] dAatshe AAtdolA= §180-NO, ¢ 6180-H,0 Atelol| Beet A
7t WEE A Foteh E3h AEE HEFT HRSY A 0 °N-NO; 9 6180-NO; 9] Hl&°] 2:11& U
Hilon, o= BRkgo] dojuhal QIZS AJARIL ol2fet A3 ATe 3849, 53] shHolA 9] 43
2 AEA HoE ] 4] 719 FAsHL o BAAE 55kt 588 7| 2Atwt E A
o & AZE

174 ©hstxIEats] W75kt 7153 % 2020 FARIE e IgretahS]



10.27.%-29.% B dR|Tstet - O14E, 32, SHL S HOIME XF0M2 2= O

75 28-7

The effects of indigenous soil bacteria on arsenic
extraction from contaminated soil using Shewanella
putrefaciens

Jong-Un Lee*, Thi Minh Tran, Hyeop-Jo Han

Dept of Energy and Resources Engineering, Chonnam National University, jongun@jnu.ac.kr

We investigated the removal of As from arsenic-contaminated soils using an iron-reducing
bacterium Shewanella putrefaciens and indigenous bacterial consortium. Sequential extraction
of As revealed that more than 30% of As was associated with Fe(Il)-(oxy)hydroxides in the
soil. The results indicated that the increase in bioreduction of Fe(Ill) resulted in the increase of
dissolved As from the soil. The highest As removal (57.5%) was obtained from the combination of
S. putrefaciens and indigenous bacterial consortium. When pure S. putrefaciens and indigenous
bacterial consortium were applied to the soil, 30.1% and 16.4% of As were extracted form the
soil, respectively. Sequential extraction analysis showed that As which had been bound with Fe-
Mn fractions in the soil was efficiently reduced by microbes. After application of the microbial
leaching technique, the preservation of soil quality was confirmed when compared with the initial
soil. Our results suggested that the ecological and physiological understanding of the indigenous
microbiome might be important for the efficient application of bioleaching technology to remove

As from contaminated soils.
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Batch experimental study of microbially induced
Smectite-to-lllite reaction at high temperature/pressure:
Analogy in Nankai Trough

Tae-Hee Koo'*, Hanbeom Park’, Yuki Morono?, Fumio Inagaki?, Jin-Wook Kim'

'Department of Earth System Sciences, Yonsei University, ktachee@yosnei.ac.kr
2 Japan Marine Science and Technology Center

Microbially induced Smectite-to-Illite (S-I) reaction has been actively studied over the
last 20 years, and its evidence has been reported recently with natural samples from modern
mudstone at Nankai Trough. Various experimental conditions including temperature, pH, and
type of microbes have been tested in previous studies, however, batch experiments for testing
conditions where temperature and pressure have combined like actual natural environment were
not been conducted. Here, we incubated the pelagic sediment from the International Ocean
Discovery Program (IODP), Site C0023 (32°22.0018'N, 134°57.9844°F) at various temperature (80,
95, 110, 125, and 140C) with high pressure (55 MPa) to examine modification of structure and
geochemical properties of smectite to elucidate the natural occurring microbially catalyzed S-1
reaction.

The X-ray diffraction profiles showed modification in d,,; peak of smectite as well as detection
of mixed layer (I/S) in 260=9.84° that may indicate the S-I reaction has been progressed by
microbial respiration and/or thermal diagenetic process. Additionally, Al, Si, and Fe concentration
in the supernatant and Al/Si ratio with interlayer K contents were measured to determine the
geochemical modification in smectite. Furthermore, energy electron loss spectroscopic analysis
was applied to demonstrate the local Fe-reduction by a microbe in high temperature and pressure
(80T and 55 MPa) condition. The detailed evidence to reveal the microbially induced S-I reaction

in the deep sub-seafloor environments will be discussed.
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Importance of speciation and mineralogy of toxic metals
on microbial community diversity and composition in
subsurface environments

Man Jae Kwon

Earth and Environmental Sciences, Korea University, manjackwon@korea.ac.kr

Little is known about the effects of co-contamination of toxic metals on the surrounding
environments and indigenous microorganisms. We investigated the distribution and speciation
of As, Sb and other toxic metals near a mine tailing and a refinery using sequential extraction,
XRD and XAFS. Soils with high and low toxic metal concentrations showed significant
differences in microbial community compositions, indicating a direct influence of the toxic
metals on the environment. Although total As (~100,000 mg kg™!) in the mine tailing and Sb
(~21,400 mg kg Y in the refinery were extremely high, over 95% of As and Sb were in the form
of scorodite (FeAsO,2H,0) and tripuhyite (FeSbO ), respectively. These results demonstrated
that As and Sb were present in an oxidized, stable form. Furthermore, exchangeable fractions
of these toxic metals were not high enough to affect the microbial community. The microbial,
geochemical, and mineralogical results suggest that the observed differences in microbial
community distribution are mainly due to other toxic metals (e.g., Pb and/or Zn), rather than
As and Sb.
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Development of primers for bacterial carbonic anhydrase in soil
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Methane generation and diagenesis in the ARAON Mounds,Chukchi Sea
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Combining isotopic and pyrosequencing approaches to
assess denitrification in a hyporheic zones

Heejung Kim'*, Han-Sun Ryu', Dugin Kaown?

'Department of Geology, Kangwon National University, hydroqueen@kangwon.ac.kr
2School of Earth and Environmental Sciences, Seoul National University

Hyporheic zones are considered hot spots for the numerically vast and phylogenetically diverse
microbial communities found between surface water and groundwater. However, the prokaryotes
in these zones have rarely been investigated in detail. To date, little is known about the
hydroecology of hyporheic zones. The effect of change in hydraulic conditions on the community
variation of indigenous microorganisms and the water quality was examined based on the
determined depth of the zone. The d'°N-NO, and d'80-NOj values of nitrate were compared to
evaluate the transformation processes of nitrate I neach flow zone. The isotope values indicated
that different denitrification processes and different origins of water were identified in upwelling
and downwelling zones. Here, we report on the use of the pyrosequencing technique to elucidate
the denitrifying bacteria (DNB) community profiles associated with the dual isotope data and
hydrological patterns in hyporheic zones. Analyses of the zones of microbial communities
showed that the new genera, species and isotope data were associated with the hydrological
uniqueness of the hyporheic zones. The 16S rRNA sequences were determined and phylogenetic
analysis revealed that the DNB communities distributed and gathered the genus Comamonas
dentrificans within the mixing patterns of the hyporheic zones, and that the relative scarcity of
these microbials in the zones was caused by the lack of appropriate substrates. This study showed
that pyrosequencing and isotopic approaches are very useful for evaluating the transformation

processes of nitrate in upwelling and downwelling water of a hyporheic zone.
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Microbial Fe(lll) reduction in clay minerals as
a potential iron source

Jinwook Kim

Department of Earth System Sciences, Yonsei University, jinwook@yonsei.ac.kr

The limited availability of iron (Fe) in the Ocean, compared to major nutrients such as nitrate
and phosphate, leads to underutilization and thus outgassing of upwelled CO, in some areas of
the modern Southern Ocean. Relief of this Fe limitation, and sequestration of carbon into the
deep ocean, is thought to enhance the Southern Ocean’s ability to act as a mediator of global
climate over millennial to ice-age timescales. However, the source, transport, and fate of Fe
in the Southern Ocean has been widely debated, with sources ranging from dust, ice sheets,
iceberg rafted debris to sub-ice shelf and other continental shelf sediments. With evidence
supporting spatially variable contributions of Fe from numerous sources to the Southern Ocean,
consideration of the configuration of ice shelves and their dynamics is vital for understanding
how changes in Fe supply help to drive carbon uptake in the Southern Ocean. Microbial
reduction of structural Fe(Ill) in clay minerals could be a significant pathway of supplying the
bioavailable Fe into the Ocean. The mechanism of biogenic Fe-liberation from the clay minerals

will be discussed.
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Chemostratigraphy and Paleoenvironments inferred from a core sediment,
E09-08, Korean Plateau of the East Sea, South Korea

1 2 1
I, 4T gL

iAol

Sangmin Hyun'*, Jin-Kyoung Kim? Nayeon Kang'
1ot ufst | 2@ s2kstA oI MIES, smhyun@kiost.ac.kr
2FIO Lab of Marine Geology and Geophysics

&3l TR A Aoj7l Fo] E[ZE(E09-08)°] Hall 771 & 7] 3teH4] F-Al(chemostratigraphy)
£ o] &sto] ALt SAE AAEN. 24 A= 559 AtA 59194 v 77131 alkenones
ol o8} =24 SSTE 7|20 & At 3 Y S0 A= A Bhh SHLA(MC age)t KAl 22
ol-gollA ANE ZAFt. AlkenonesOll AT SSTE] WMSh= %43 MIS (Marine Isotope Stage) 97HA]
+ Bt W71-71719] 714 $3E Ho|i Qlok WA, f-3-30l Y3t Abd 59 €4 Hl= MIS 6 =7t
Az 714 HIkE Kol Qle}. §9], FafioflAl H7] 5tel Aba F9ea Fho] 7HH IRl @42 MIS 2,
6ol WAL Q1o SA] Ao fagt AAAR AHSE &= St St A|of| A 9F o] SRib7F FA =] o] &
30| 294 H4 &0 Hofii = f55Y Ata 50 A f718gE o3 T4 A7) of==o] A
< & Stk webA Fof StiA|ol| A 3FehA WSk} S5istA] g2 MIS 9 o] Holl= W7]-71719] 714
Hap7} F5ioA] b2 E7o] Qltt. o] Aol A= 7] B4 DojXl A-+Z23HKido et al, 2007)2}F HA]
TH 05 &%= SPECMAP A=90] HE 9 E|A5Hd E4Z 3karsto] o] Fof EAZ] AtE 507
o7 A5 HAE A EFAHLE Q1) 3fetd FA Aol ofEgo] A 4= 7] fiEol +AFL
& B B4 aefet A7t AdYE|ojof et 34 Aol fEsttal wtETh
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Mineralogical Characteristics and Provenance of sediments deposited in the

slope of Chukchi Plateau

T, I3, AT, LY, Tei7
Hyojin Koo*, Suyeong Min, Hyojin Lim, Nahyeong Ryu, Hyengoo Cho
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A2 12 We], R E, SAMolslet AT Ao, HH A7lo] BE WAY] Wt SR
wislo] ofs) HA2o] §lo] A YA Aot of#l Aol M TS Aio]H HST o]

al

S ok
DR

i

EHE ARA09C-St03Z ol-&sto], F&Ea4 E4Z doti i EZA7]of W 7| ¢A|9 #skE 4510
A} 51 TE ARA09C-St03 Foj(Zo] 4.75 m, 4 820 m)= AHR-EHH 3719 ZA1Z3} 5|AF0] MZolr}
o YERH, Unit 1 (343, 0-60 cm), Unit 2 (3143, 60-148 cm), Unit 3 (435, 148-214 cm), Unit
4 (8%, 214-359 cm), Unit 5 (ZA%, 359-412 cm), Unit 6 (BMF, 412-475 cm)& F-E¥ ), E3H
Unit 2+= IRD (ice rafted debris) 3F5F2] A}o|& 7|20 2 Unit 2A%} 2BE FE =T} E|FE9] A [RD2]
TS ¥ 7019 AT FA9F diHet AT, £7] ARA09IC-St03 Zol= MIS 5 71419 7|1&E< 7HA)=
A0 & WeEth 5049 HAE Y2 FoERE Y AY §4Y, siFE 5 14, WARE R fY2
= 18g 5 Qlrh AUt 2 9 FopH |7t E7 A9 7R EU0|E, EERIO|E, Aol FH ¥y,
SAHE oL 219 deto|E9f Aol FRoTh wEbA, fUlof wE FE 249 Alo|e} EjFA7]o] e
4 HIkE Bofl 719A9 HekE AT 4 ok 339 Unit 2B, 4, 62 ZF AlEE EHE=E 14
H, geto] ELt A4 9] geFo| 2 EAS Uit} o] A|7]18%t EHE 7|9 = SAH oty Eejut 7
(Kolyma River)#+ 91t}7]27} ZH(Indigirka River)Z Tot=|n, W7]5<t 2 WA w&d 5602
olsf) oz e FFAQ EAE Fgo°] o]Folth gHH, Unit 2A= IRD $Fo] &1l Yol E, 7MY
o|E A 4 ERulo|EQ| 3tgo] o, FoRRE | oA WikE B3t EHEY FHol S5
=< Uehdth. E=5f0A4 duHd 0 2 wegt A7) Ueidl= 2455(Unit 1, 3, 52 YEolE, B4, &
Ento]EQ] ghgo] &1, Ko} 29| dhgo] THHA 02 &2 E4Z Ho|w, HHE gRe} Wiks 53
Ayt 2 E -5} A/MFE &3t A oF §AE0] BF FHE= 0= Hl,

d
0
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Characteristic features and Age dating of the Fluvial terracein the Pyeongchang
Jinbu-myeon area, Gangwon-do
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Jae-Hun Lee*, Hee-Kwon Lee

%I'

Ol

|CHShin X[&IStf, jhn000203@naver.com

[io
J

st t= AR 17t 52 32 S5E 1oHd(paleo-stream)oll sl A=A E ot HE
o] 7]% W3kt 25t §7]of gt 5] &gt spizlA o ® Qlsf, d sPHE =2 1ko] |A H 33
Agoltt. ATA9S FeE BAT AFEH 2 dofjolw, siobthtHe] E2E 221517 5l ArcGIS
g TS o]&slo] £AAFEE S H I HH(Digital Elevation Model; DEM)SFole] 7 |98 (-1
A9 1% 84 9 515 YHEE Aot AP R4S EYE ofe] RARE AAIst] & 479 sioktt
£ gastylon @ sidH|al 7[EC ' 19-HT1)Y] E-HL oF 5 mo|1l EHF9 FA= &3 me] &
2tA(fill terrace) FEIOIH. Y A] SQ2~4TH)E2 7IRIIRQ] Egto]ofAr] ARQfo] gt AEFE ot
(strath terrace)@Efolth. 28-H(T2)S] F AW oF 5 m, EHHL oF 10 m2A], EAZ9] F7= 2F 5 mo]
o} 3TH(T3)9] HAHL OF 15 m, EAH2 9F 20 m=zA], E|ZS F7= F 5 mo|t}. 404(T4)2] HAH
2 9F 20 mo|H, EHHL F 40 mZA], EHF FA 20 mo|th. WA sRobek B339 £4& mets
I AFT A|RR FE 90~250 pm YA 3719 A G2 EEste] Fol7] FrldlAA(Optically Stimulated
Luminescence; OSL)} AZAHFH(Election spin resonance; ESR) &4 A& vju 4 B4 &
off 7 siott §A43-9] EHAI71E Estltt. 199 EJAS OSL Athi= <F 15+ 63| Aol Ti ESR
A 57} AN A EF F 100% Bleaching F Atk 73S 749 ESR Adigho] OSL Adizke] oF 3
Hj7} &, 70~80% Bleaching Hthal 731 7% ESR Athge}t OSL Adigko] @& 9] ol dx|gk
o} U A] ot B8 50] OSL 9 ESR A= @A vla B4-& 28 Folt},

AARe] 2 B AFE PHoAR St TERA 0] A Y HIE e AFG Y] AR (2017
MOIS31-006), YA QPH ] XA Eof M1 FAAG 9] A Y-S whof AJ&tE] 5
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From Planetesimals to Terran’s World

Suyeon Heo'* Yongjae Yu'?

'Department of Geological Sciences, Chungnam National University, suyeon@cnu.ac.kr
?Department of Astronomy, Space Science and Geology, Chungnam National University

Planetary accretion on Earth is an on-going process as meteoroids (and seldom asteroid or
comets) are continuously supplied to increase the total mass. Earth probably reached half of
present mass around 4560 Ma. Around 4544 Ma, Earth reached 90% of its current mass. Earth
probably acquired 99% of its mass within 46 million years from the onset of planetary accretion.
If Earth is entirely synthesized from accretion of planetesimals, the maximum available heat
energy can reach as high as 60,000 K. Of course, such anomalously high temperatures are unlikely
because planetesimals never accreted all at once and because converting entire kinetic energy
into heat energy is unrealistic. Earth, Venus, and Mercury lies along the mixing trend of rocky and
metallic planetary bodies, consistent with its large core fraction. In contrast, smaller core volumes
are inferred from Mars and the Moon. The maximum radial growth rate of fully-grown Moon was
1.372x107% m s, about four orders magnitude smaller than that of the Earth, indicating that

planetary volume itself is a pivotal factor in the growth rate of planetary bodies.
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Magneto-static Energy of Magnetite and Hematite

Hanul Kim', Yongjae Yu'2*

'Department of Geological Sciences, Chungnam National University, yongiaeyu@cnu.ac.kr
?Department of Astronomy, Space Science and Geology, Chungnam National University

Micro-magnetic configuration of magnetic minerals is dictated by various energies including
exchange energy, magneto-static energy, magneto-crystalline energy, magnetic potential energy,
and magneto-elastic energy. In particular, magneto-static energy is responsible for the nucleation
and growth of magnetic domains with different magnetization directions. For an ensemble of
stable single-domain (SSD) magnetic particles with uniaxial anisotropy, magneto-static energy
of representative magnetic minerals were calculated. We found that magneto-static energy is
strongly dependent on the angle between the magnetization and particle elongation. Volume
transition from superparamagnetic state to SSD occurred from 30 to 60 nm for magnetite whose
saturation magnetization was strong (480,000 A m™). For hematite, volume transition occurred

from 80 to 200 nm whose saturation magnetization was weak (2500 A m™).
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Shallow Bias in Magnetic Inclination of Sediments

Yoo Kyoung Yee', Yongjae Yu'2*

'Department of Geological Sciences, Chungnam National University, yongjaeyu@cnu.ac.kr
?Department of Astronomy, Space Science and Geology, Chungnam National University

Rarity of high-precision apparent polar wander (APW) path for East Asia results from the
uneven temporal coverage of paleomagnetic pole data with severe lithologic bias towards
sedimentary rocks. It is well-known that paleomagnetic data from sedimentary rocks are often
biased towards shallower magnetic inclination. In practice, shallower magnetic inclination results
in underestimation of paleo-latitude determinations. Magnetic inclination reflects the degree of
flattening (i.e., by implication compaction) and porosity of sediments. We found that porosity
decreased as volume of sediments decreased. Amount of inclination shallowing was proportional
to the particle rotation angles with respect to a horizontal axis. Impact of inclination shallowing

is fairly straightforward as the shallow inclination lowers the magnetization intensity.
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Petrological Delineation of Pumice Eruptions in
Kirishima-Kinkowan National Park, Japan

Eun-Hye Choi', Yongjae Yu?3*

'Bukhansan National Park Eco-Learning Institute, Korea National Park Service, yongjaeyu@cnu.ac.kr
?Department of Geological Sciences, Chungnam National University
3Department of Astronomy, Space Science and Geology, Chungnam National University

Mt. Sakurajima is an active volcano located in southern Khushu, Japan. It consists of two
main cones (Kitadake, 1117 m; Minamidake, 1040 m) as well as several small parasitic volcanoes.
The Kirishima-Kinkowan National Park includes more than 20 volcanoes, encompasses the
summits of Mt. Sakurajima. A total of 22 pumice samples were collected from Mt. Sakurajima at
sites Nabeyama. Nabeyama represents the oldest tephra sequence among six well-recognized
pyroclastic layers. Nabeyama pumice displayed abundant gas bubbles which were colorless to
light-brown in color. Phenocrysts are dominated by anhedral feldspars and quartz. Compositional
analyses indicate that all the cations were inversely correlated with silicate content. Nabeyama
pumice fell in a “Rhyolite” region on a total alkaline silicate diagram for volcanic rocks. Thermal
demagnetization of Nabeyama pumice showed multidomain (MD)-like behavior with distributed
unblocking temperatures. Unblocking temperatures range up to 580C, indicating that MD

magnetite is the principal remanence carrying minerals.
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Self-reversed Remanent Magnetization of
Haruna Dacite Pumice

Ji-In Jung', Yongjae Yu?3~*

'School of Earth, Energy, & Environmental Sciences, Stanford University, yongjaeyu@cnu.ac.kr
?Department of Geological Sciences, Chungnam National University
3Department of Astronomy, Space Science and Geology, Chungnam National University

Ferrimagnetic titano-hematite (Fe,.,Ti,O3) acquire a thermoremanent magnetization (TRM)
that is reversed in direction to the Earth’s magnetic field. The composition of self-reversed
titano-hematite varies from y=0.51 to y=0.73. Several cylindrical cores 23 mm in diameter and
21 mm in height were cut from unoriented block samples of Haruna Dacite pumice, Japan.
Stepwise thermal demagnetizations were carried out for TRM with various applied field intensity.
Distribution of unblocking temperatures demonstrates a presence of dual phases. A phase with
higher unblocking temperatures (i.e., by implication Fe-enriched) acquired weak magnetization
parallel to the applied field. On the other hand, a phase with lower unblocking temperatures (i.e.,
by implication Fe-depleted) acquired strong reversed magnetization. As a consequence, total TRM

showed a self-reversal phenomenon.
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Decompression of Gas Bubbles in an Ascending Magma

Hyun-Jung Noh', Yongjae Yu?3*

'Operations & Production Team, Ambatovy Department, Korea Resources Corporation, yongjaeyu@cnu.ac.kr
?Department of Geological Sciences, Chungnam National University
3Department of Astronomy, Space Science and Geology, Chungnam National University

To describe decompression of gas bubbles in an ascending magma, a sequential process of
thermal expansion, compression, and bubble decompression was considered. First, thermal
expansion involves volume changes with temperature at constant pressure. Second, compression
incorporates volume decrease with depth at constant temperature. Third, bubble decompression
relates pressure variation (4P) and temperature change (4T) with a power of n. We found that
values of n ranged from 1.00 to 1.22. It is reasonable to set the maximum density of gas bubbles
as 1000 kg m™. We found that density of gas bubbles in an ascending magma is a function of
fractional mass of gas phase (), fractional volume of gas phase (V), and density of liquid and solid

fractions, respectively.
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Reversals of Earth’s Magnetic Field: A Gamma Process?

Raegyung Ha'2* , Yongjae Yu'-?

'Department of Geological Sciences, Chungnam National University, thestory2l@naver.com
?Department of Astronomy, Space Science and Geology, Chungnam National University

Chrons represent time intervals with identical geomagnetic polarity. To date, seafloor magnetic
anomaly identified 118 chrons. These 118 chrons include 33 normal and 33 reversed chrons from
present to 83 Ma, Cretaceous normal superchron (CNS) from 83 to 121 Ma, and 25 normal and 26
reversed chrons from 121 to 156 Ma. In addition to 118 chrons, paleomagnetic investigation using
sediment cores refined additional 169 chrons. Hence, the revised geomagnetic polarity time scale
included a total of 287 chrons. It is apparent that the duration of geomagnetic polarity increased
with time. In particular, the log-based linear regression from 120.95 to 131.83 Ma yielded
statistically significant correlation. For longer chrons, the duration of polarity reversal followed a
gamma distribution with k=1. This is equivalent to Poisson distribution, suggesting that previous
reversals had no effect on future reversal process. On the other hand, the duration of polarity
reversal followed a gamma distribution with k>1 for shorter chrons. For shorter chrons, previous

reversals will inhibit rather than encourage the future reversal event.
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Crater Depth-to-Diameter Ratio of the Lunar
Impact Craters

Yu Kyung Shin™*, Yongjae Yu'-2

'Department of Geological Sciences, Chungnam National University, eile3287@naver.com
?Department of Astronomy, Space Science and Geology, Chungnam National University

Impact craters have dominated surface features of planetary bodies in the Solar System. Crater
density in a given area is proportional to the length of time that surface has been exposed. In
other words, an older terrain will have more impact craters than a younger surface. In addition
to the crater density determination, the depth to diameter ratio of impact craters provide a first-
order constraint on the evolution of lunar surface. A linear linkage between diameter of impact
crater (D) and depth of impact crater (d) was tested for Apollo landing sites. For all Apollo landing
sites, it is evident that D and d were linearly correlated. The minimum value of the coefficient
of determination (R?=0.82) was observed for Apollo 15 landing site. Overall, crater depth-to-
diameter ratio of the lunar impact craters was confined from 0.13 to 0.19. Values of the depth
to diameter ratio for Apollo landing sites were virtually indistinguishable to those for lunar

highlands, implying that impact crater morphology is mainly governed by gravity.
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A study on the measurement method of water content in nominally
anhydrous minerals
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Sol Bi Oh* Hyun Na Kim
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ks £
RS 5= gloH, ofo gt 2 FE F, 5Y FE vl BB 0}‘4‘3]' A Aot S| AEE,
A, vl 3, B ego] wpt & - ] ppm o= ity g eS| & AR

To] glomn, TFH|X|o ZuA| YAE EActe BF T Hapt @59 240 IF= € 5+
th. o3t SR A0 B0l S AYA O LS }71] Z7got= ol tigt A+t —‘?—é—s}‘:}- olo]|
et 2 Ao A= NAMs| §r 580 92 = et HeE AAZ O E 2AH] 93 AY A=
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(packing)7HA] 22| B BEA Yjoj| A ZPstqiet. A4 Al 7| 2SR Y ATd o= 7}74 7} 'H 34
ANZ}7] FH(Nuclear Magnetic Resonance, NMR) £3824-& A1t 371202 $49] 77t &
A U= 71 AlrY S Y245 HPolyDiMethyl Siloxane, PDMS)E ol-8-5to] 424 €At & 4
FA 0= AL
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The study of pore structure in shale reservoir using large-area particle
measurement method

HEMQYr REA2 1872 XY W72 oA
Sun Young Park'* Choong-Sik Yoon? Yong Kyu?, Jiyoung Choi', Min-Ki Kim?2, Hyun Suk Lee’

1SI=ZX|AXIRI91 28l sunyoung@kigam.re.kr
AF)EM

HA7EA, AlAe Y, AU7EA, AU, Herd Hers Z3lsk= v S (unconventional) AH¥-2 A&
(conventional) AHh¥} ThEA A739 vlAgt F=of WA HA F£3xskal Slot. o] 23t v%E AH49] 3]
F&Z =017 A= vA ==Y F& A57F BFolt) o] et a2 AFH o B ok W
© Ay olilstgte, 2 T3 AP 5o F=ECIY AEES WEtt= Zo] 3loH 3=9] FEHu
[0 E 28 A 072 TEoh= B o 2= HANAY FAPAFA ] 4 (Field Emission Scanning Electron
Microscope, FE-SEM)Z o]-&3st £4Jo] Qlt} AEAQA(conventional) AFZ9] 3L dulst ¥tH A|2E
FE-SEMO.& #ashd #&9] #2359 125 BT 4 AW vds ARSY 4¢ 359 2717}
T4 vlo| A2 HEoA 4= W n|B7kA] ThefolA RESHAL Q1AL 7] =9 B Ank IAFoA A &
37 wizoll Ankd B O 2= 39 oH|RX| & TS| 7} o Hr. o] 23t TRt AAY Y T2 TR
3p7] el 7 ol W AlAEl(Focused Ton Milling, FIB)O.2 A& EHE MAE|sto] FE-SEMO.2 A+
£ 2Pl AN o] A AR FAF R THzko] 7HsSk eI 0] At & Aol A= ol et dANE
HSE 4= Sl oA AX o] ARt o2 U7 A|A"(lon Milling System, IMS)Z ©]-&35t] Al&5 A
Aol A O R At H= YL (BEEE g1 & 4 U= F /EE £4 A (Scanning ELectron
Microscope Particle Analysis, SELPA)E &-8sto] 22 EAHE 7fdoto] AU 3= +2& FEol
ot AL A5S W 3= T2 AFE Yol WA 3= 2R AlFH A-068 AlF3-2 ARSIt A+
of| AFEH A-068 A58 Exshaw, Patry, Fort Simpson, Horn River, Nahanni £0.& 44 %o] Qla
TBES A, oA, WA, MeH, dolE Folu A8 Y ¥ 7718 T (Total Organic Carbon,
TOC)Z 0.15~9.86 wi%= ThFotA £k ek tha] Y 57 EAIH<l SELPAE ol-&3to] A-068
AlFEE AE W 54 YiolA] d nlo]g 2u]e] Afo]29] =9 BxE #&6t7] 3] mappings T3
SRl ol U x| BAHg XA B35 (Energy Dispersive X-ray Spectroscopy)& &-8sto] 2449 i g gt
sttt & Aol A 7HdE WS 9l A-068 A5 W 39 £ 3 U B4 £5 7Hs/30] ERIE
UL FF BAF AFS W 3= T2 ool Z-Eote] 3= 27|y FE7H AL7EA Bl SR vl
FF= BrolaAt jitt,

O
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F=LIMo| S4TERM XIZITHHISHA) i Y
Evaluating the role of chloritoid in seismic anisotropy in subductlon zones

O|&ZEI"* Mainak Mookherjee? ZIENE}, A&l Reiner Klemd*
Jungjin Lee'*, Mainak Mookherjee?, Taehwan Kim?, Haemyeong Jung', Reiner Klemd*

M Srifeti X|2EE 2t XIHAxEest 174 [j2718@snu.ac.kr
2Earth, Ocean and Atmospheric Sciences, Florida State University
SSX|ITA FXIX| TAIALRI 7

4Geo-Center of Northern Bavaria, Friedrich-Alexander University of Erlangen-Niirnberg

AT shtol Baek 745t Ak AT 71 A5k K gdAlzte] tehts Ho] o]tk o 4
7] Sloh, WE QA o] FAFBA FYA) AASYGo] R AF§Elolgh. T el
AR FLFBES 149 AT HHH vSPHE /AT gom, FAlo] Akl el 4 A4S
WS tehl7] te] F23kh 1 FOIAE A%UH(chlorioid) HYthel £A5H: a3 WYE
ol A5t AU Ae] SR, AAATY, Tl At HSHA] et A7 WS oW A7

H ﬁln],]k] 5}737(4_,] E]—/\-]zﬂ/\ o] E]-kb‘ﬂ H]‘g- 1A -§__— first principles A]%Eﬂo]/ﬁ_g 06H X{ggi H/}ﬂ,
shgket. L A AU A 2L S 3 Suf HIEHAAVs = 47993 43 Dot BIEHAAVD = 229)
& MEREE SUTSICH ST 018 APNE A 94 Ol BB e AUTYTE 58
Soict. AU Ae] ARAEEE [0011%0] A2 Gelol A9 4ok 43 MES BRI, (100153
Q1078 e1o] Aol BB A Fefe) RS Bsick, ot ATl ABA DL FEF B4 B
AR AR AU AAAEYF ANE W A8 ste] A5t BISHAS A 1 2,
718 AUl A BRI sho] BAT Soh a5 Aol A4 B ARG Aol FFL
2 % glgol A

FPN FI.lJ.;

e
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EAE] 2-13

2d Hi=2lo|E-w H YTt 0|2 x|gtd[e] 71Z=H|w o+t
Characterization of synthetic Zeolite-W and its monovalent cation forms

sl ZEA SX[$12 0|82 O|A[B2 [MTI2 0[5is? H5E' 0|88?
Hyeonsu Kim'* Pyosang Kim', Chihyun Song?, Suhyeong Lee? Sihyun Lee? Sungmin Chae? Hyunseung Lee?
Donghoon Seoung', Yongmoon Lee?

I MLtCheln X|&stZ nfstal 197942@jnu.ac.kr
25 MCstn x| &BHETfstat

A&To|Ex 4 B E 5 St w2 ZUAF st 539 7], 2 Fol AgeS 7}
A7) wiiol 4 9 ARG &olA g GEEHAYST E4Y EAZ oldiste A HARE X-4A
HEAE B9 AADIY L2340l &3] AHREMY, o] Bl TFY FEH 29 7540l =
2 A E YAPH oz Aol 7hssith B AFofAE A Aol EQl HeElko]E(Merlinoite,
(K,Na)s(Ca,Ba),AlySiy;0g4 23H,0)9} 2 4 125 7 A& E-WE E4 FHE ol8oto] £
3t 3K,0 : AlLO; : 5Si0, : 100H,0% ¥jA] 2422 3lof R M. Milton] A= WL w2t g5
o}, o &) 24 XA E3H(EDS)H E5H BA(TGA)S B9 =2 31t 24 (Kg 1Al 51555044 16H,0,
K-MER)}S ERloHitt. Hl#2 ol 9 72 W EEAL ool w2 124 WslE oldjsly] sl T AlA
HE 0|83t GuhAQl o2 WIS AMESIH o, AlEeto|E-We| U7t ol X TA(M-MER, M=Li+,
Na’, Ag", NH,)E Al&stoict. Ahgt 379 & 2 214 9l 23 714579449 1265 X
A 23 514 vlgkel(High-Resolution Powder Diffraction, 9B HlgFl)o A A¥S sttt 44 9
olH & HEHEHE AMgoto] B4 AAetgrt. £4 At AREAQl [4/mmm LR SRIE L
™, Li-MEROJA K-MER7}A] 218k ¢Fo]22] F7]9 Hl#|sto] aZo] F7Iot3Tt. c&ollA&= Li-MERO
A Ag-MER7HA] <Fol2-9] A7]9] ul#ste] F7Fstt K-MEROIA & Zol7t F45H Eojtxe AS &<
ShAth ©91E0] 49 Ag-MER®] 7H & whd K-MERE 7H 22 2102 &= 3{th. MEROIA H,09
weight%= 2| gFol22] A719]| 9Jsf 7|ohg4=4 0 & 43ttt o] & B3l Al&efelE W &9 o
QY] AR vl R Fol29] A7]of| whe} HalkehE Selskgit.
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Mineral-chemical compositions of Manganese nodules
in the East Siberian Sea, Arctic

TETI, M2F, |3, £3i7

Hyojin Koo* Eunju Shin, Hyejin Yu, Hyengoo Cho

Bhet X[2ufetat A 7| E1fstoi4, ghj60Ti@nate.com

E29) Y= ksl (Kara Sea), HFlI=8(Barents Sea), BEIE 8l (Laptev Sea), &-A|Hl 2] olafl(Bast
Siberian Sea), A|el(Chukchi Sea) SollA HA= o, HojA Phdael ga] Fe 49 &5
of += EXxsts A= LA ot 1=y, B9 didy] o] FEjet WREA], FE-sFekr/ge] wsiA
& FEAA| gttt ol AtolA= A 3219 ok ©AK2012, 2017, 2019)5<t SAH ot
3 tiE-aollA D53 23 719 BIIHHE o]&sto], FAIHZ|obsl WXt o] EAS Lotk A} 515
o BE 9 E2 P4 B4 S Y6 FHQ 271E S5l Rl S A7gste] A7l
W Wk, $3L5 of&sto] LiE YRR AE FAIRE AF 6ot FAEES XA 3EEA4(XRD)
I FAPAAER 4 (SEM-EDS)E SdllA =y} setr/idS EA6ISIH sAlHZlors] g7idy]
£ W= 3 cm oJ5te] FPOE AEEY, A% vy G SEHYE, B, FEE)ol gRldch YE
ZA2 thF A (porous structure), =4 (layered structure), FZ29] kS Z(orange-colored thin
layer), H(nuclues) & 47H 2 F-E5 Ut XRD =4 23, YA E Hdoks 58 =2 HUAIE
(birnessite), F-Ag}o|E(buserite), EEZ7}°]E(todorokite), HHUTIO| E(vernadite) S AFFg7HEFET}
MY, A4 5 A BEE ERIEI. YRR T BRisto] g Aiet S tols B3t B0l F56HA
g+ 2270 FE 24 Aol FHGH UBUA] gsith. 3 A, A 9 HEZET A7 T
=& TAEY sAH s Brhd Y= AR 0 & Mn/Fe ratioZ} B¢ =17, Cot+Ni+Cuf] ohg2 &
EA4S Btk WRz2A 3} sl thad el S/t Mno| 561, 3549 ok 32 Fe/t 357
o}, E3t Fei= Poh 9] AaaAIE HRlth

Ol

o
o o

ol
S5
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An investigation on sodium silicate glasses through NaO solid-state NMR
spectroscopy

O|&xH*, oM
Jeongjae Lee*, Sung Keun Lee

MELCHetu X722t 8t jl635@snu.ac.kr

)

H A A fE] o) AAES] 2] tigt Ats A YR 2Acks 94 &8A1Y FRE THE
oz q1gste] o] AXARI &5 et HAA HAUSS ASS 4 Aotk SHARE 2 Al7]of
A AEE AFol= EFsta B8 14|19 ©AT 9 SA Y F20 tofA= oFd e THAA| &
o] Wol EAgtth £ Aol BA FREA 0 B3k EAZAQl 1A AP
Na,0:8i0,=1:2 £4Z 7= HIAE FEE Atotginh 9], &80 Aazte] 374
&= 9)= o]&8 AT heteronuclear correlation) 7|3} B]|AZBAAS} AAAAE Abh A
£A k= MQMAS (multiple quantum magic-angle spinning) 7|'1& & AE0] &4l
TFRANA AEAARSY AF YA S 0 E L] Slths AFE S RISk £ =
o)A A v {9 mAIFRIl 2 2EQl W HHYE YA (modified random network) &2
o 78] BRTZ AlAFeHH, AAXF == AN rham} YRolA A9 St Ay Ag-14Y
Alof] T SH= A ol A] #3} 50 Heet AAto] go] H A= 7|ttt

52
rlo

o
2 of

ot
ro

poE T
oo |m
o gl ox ffo
8 ox o
= = oo
ox, - ol
o,
Mo ek Hroa

¢
)
ki
o
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LA S EERIR BRIEI Fe-Ti (-V) Zsixtge
b g
Formation and origin of Fe-Ti (-V) mineralization related
to the Gonamsan intrusion

O|X|§d"2> ZoE! AMET MEST THFE! MEE?
Jihyun Lee™2* Euijun Kim", Seokjun Yang', Seungwook Shin', Seongjun Cho', Dongbok Shin?

TSHRX|ZIX 210122 wigus6094@kigam.re.kr

2zchstn XIEE T}

AN PIF(il) TA B4 B U A YA W EEFOR A 5 km, E 15
kmE BYSIAON, PYTFHOL S, F3, PR ARE. R} FRE FAAUNZY, B2HE

s}
o, RN chRet Feok T Fe-Ti (-V) FoHgo] WHoha, AL FAGUAY Brs
oheto s FAT, shRe] FSEL AF ~150 m, F 100 m, Hef 60 m FAZ 2= 2429 24
_"

A} 3 BAE Bol dEotal, A4 k82 A 30 m FAR EXHFUT 1T/ oxide-
apatite Rt Ul TEetch 159 242 d ASRIE(RHEA, EedA, 3440 4ol SISk,
A% ZUAT} Q130 R LEY, AFS] ARAFAES T (Mg"= 34.4-55.5), A4 (Fo145-900).
AP (Anys g.56), EIRHEA], A4, Q1914 ol £3F0] SR, 244, JORFEE 4. HAeR 9
G 2 em H9J9] Fo g ZXMEY o] HEsH, 3= ASH B FALSITE Fe-
Ti (-V) J2Ha8-9] Ad2A 2ate d Aekg=e] a3l A I35 LAl oL, shollA SHek g
2 7FEA AR FE 23 Wl mE AT Wet S B ARl A0 mE Fd4,
Mg”, P,059] Ha}e} 3= FBE(F4(An %), 314 Mg?), #&EA(Fo %)9] 24 #Mahe= vtante] £3t7} st
T BRE AP PSS AABEL, M2 viante] oy 49 F3o nhE EH9 S =
A et AREA Y vjEgdal] Foldy P2 sk Ak FE ] WMok T & Refekal, aEd
S/ FACIA LES A2 FIFE o2 AA Q] 2444 Wt e Holu FRoAE tha Aol 24
T HRAT. AP A2 sl AL20] vpnt2 R E FEH Ao, A= 7hHA o 2ok A Y2k i
U RE FEHNeS HolEt SRA R, At sPdRgHAe et = Fe-Ti (-V) F8Ha-8-9] AV
FE 2, AL SA0 e H9EEY 2444 Heh P2 SHIEFATE & vt FH ol A W
FAoz 9o g 9 L7t JPH &, 7 oA AEAR] Bt AFE U2 AARIT. At
SPIEA Ul vielE Fe-Ti (-V) B2H-89] Bt AV E43 B MR E43 Bopg ol
B HAE L g HolEt
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Do EN0|| M2 Z2FA FMTE U HSANL TY H|D
Comparison of ore mineralogy and sulfur isotope compositions
between Au-Ag deposits in different host rock characteristic

olag!* AMzg! =x|Z, eid! q3ol2
Sangyong Lee'* Dongbok Shin’, Jaeguk Jo', Heonkyung Im’, Hyunmin Yu?

l@z=rfistn X|&stZnfstn} tkddyd3454@naver.com
2GCH 02tk

S FFLUY A2 A71SHHuigro] 7gito g Moo A Yot FYRY] BE-gAE
7 S 71208 FeAdole e 9 E=ARYURTE QA 2L §lo] tirlE Holi Qirk
SN AW 3ol s, mete] Aojof w2 3G 54 Hlws] Hsh
g st eI W e lda EAE SRS AAH0E BAA P2
S ) G u| AAD AR A AN S &0 8 QA5 AMEE T, BB A9 B A A Aol A)
AFE)FEA £02 AETo| Erh BE PAONA - ArEo] FEHAAT B4R Folls fH1EY
= A4, HopXo] tha: AEETh. FFEY JHEHL P S0 aE5EEY o
™ H2E 2 0= HolH JHEHS vl G488l wet F-2 T AJolg UEhd
YA BAAT BAAY FZAS -1.8~10.1%(ave. 2.3%), ‘B5A G 0.3~13.8%(ave. 6.2%)
|5l =2 FeHIARGE Blrk. A7 meel Hupet
13 FEAY A FEAdLRAL 5.1~12.5%(avs.
8.2%) 0.2 S7kgto] HulQtETH A5 &2 R4S Wl o|fe 5L A 4 deAY S5 &
FHUAFA o] 7 3 moF F 3P| S A WokSS AR ol4te] AT ATE S BH
Qo] AR EAX| S BT Sdeto] Aol FEZA HEAY B2 A7 5904 &
£ Ho|1

9] @A Aolg Ho| 11 YlolA olE 4lo] FHHHO] FaT HTL 3

1o 1o L e
N
No
o
b
.
C
fr
>
18
ol
3
Ir
S
A
)
N
18
=
ju s} —_

oft

p

o F49.

o)
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Spectral Characteristics of REE Ore Occurrence in Hongcheon Area

Emmanuel Habimana'* S22 Q7|33

Emmanuel Habimana'* ByoungWoon You?, Jaehyung Yu3
IELtCatn Qx| &5t} habimana838@gmail.com
22X X012 DMRE S
3&Lrstn x| &34 0fstat

SER Yie dEha(la)FE FHELu7HA Y e 157] 949 235807 olEE(Y)e Edsh=
1778 945 AT ol5 Y40 A7 AFFo] we 2] olgg it FE 4F SaPER FEH
o, 53] IT A9 952 {5 o] S7HIF=R ol Arde] &E7T ufe F83ith Sdle 35, &
ol SR Jotdivh 225hH, 535 4 &R Fede 4715H 29 LAY v& F7171A
Ao sBE, S2R-Z44 Holghe BY o AE A Fhioke BAEY FeHE EEe

QA N E(sheet) 0.2 L3}, FHO R HLpo|E A7} FRJet B8, FH, EF-=2 LA

o A2 oF 2.2 km olth. SH-E okt S|EF Fol] A5V =02 98 AT A < A
AT 7 3BA7E AR egH ol BAF Y ol FEfolt & e THEUER|EE EYCR ofs Y
2] i) 3 SR FeH o SR -4 Holely) S|ERet dof FokES dske B
2 7 A7 o= AT 2]l S R-Z4dA drfek2 2 A7iEor] o] Hulete s SR 17}
FABIAY S R-ZH4d40] 9 AlEsle 77 Ao s FEET. B, JER Jeitie AHEAe ¢
Histo] PEE e of Atz E SRRV Robd gottieh AgARt Fotd vgeiE sk
A Bt g EAE S BAP S B ST vlaste] Aoz BAIA, Azt o s aEH
e 41 9, I 87T EolAle FA0I & A7 §4 =R e Aol AF AlRE B
o, Hutol & WA 5l S| A SA0f wheh BRokal, thdt Aol mE ek S wels
At £ 9] ke A7AGY B4 SER Fod 4o £9 ohdt gt SR FodE adFe
2 24, gARR] Jlol 7|2Atm e B8E & e AoR A4EY, IS4 0R SRR AgE 94
A 7S E8ohe bl 710 € AlR ZHEH

z] O

11

S

)

N ©
s

|
|0

o B (o fr Hu rE oA
[e]
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Strain rate analysis of deformed single-phase aggregates using rock analogs and
the least-square method

PAPSES L
Sungshil Kim'*, Chang Su Ha?

IMLtfistn X[ 22fst 23t neogeo94@hotmail.com
2xittrhstn mSyse

ol
2

= Y49 A2-uY 2AqA Y MY AY 52 T3 WY H F=2AE
wopollA o] R ot 531, A4 A t(ductile shear zone)2t 22 Al AHjo] A B == &
o mlFtE P4 % 1Y 7122 olsfske=t Fa7 AT AIE AREsih 2y, A AEiellA HEE
o] HokE &Aoo £PT 4 glof, I dijtez Foh4 /3

rox

o,
1
-
BN
i
rE
ofl
>
ool
1o
i,
e
rir
[
ofx
i
e

2% 9 AP S ozt & 2R 4 L B YL B4 Yol AQa AR e JEE 7t
A= FAREAEA =75 (Norcmaphor)E ARESHRIE. o] 2|3t FAREES 112/100) A xS B8 &
o] ok7] W] AAke] ME Aol st St HSkE A& 02 AT 4 vk S Adrt. o]t
oYU AR 28T 44 2 BiE B9 944 El
ugg fxote] /ol WY 2, L /HPE = +
dstgon, A A 74 9 AY 2218 T2 TIPS S Aojd 4 Y== A FuE 2535
k. 3 AR LA WP E B #4517 Ao YA W 4ol 7 e 8 A (particle marker)
£ F7koto], AY F olv|A] H53} vpAL 24 2

A 71e A8kt 285 HaA57]H (least-square method)= 719 A2 71904 Ye= Al
TS Bekoto] Az 2 AA o gt BAA WskE EAT 4= gl S AU Sl o[ AFolA=

fll
o
:?é’;
iAS)
D)
=
i)
1o
rE
ofl
i
flo
ol
2l
=2 12
lo 4
Hu
M
T
_(3_‘5
>
%0,
rlr
guis

_l

A9 A AR} S 7= 27] AlRE AlRFoto] Bedd EE (simple shearing) A 8-S 3513
on HAAGH HPE B4 B0l YA 29 HPE BAZ AAISIH. ol Bof TEEE dAEH
Ao gt HPES =2 TR BAE 242 3T 5= olon, A4 deddHiygol tis), W74
I HFEC] A5 ¢ HPEC] et BAZ T 5 UG o]t fAREE S S8t B A L WY E
AT A By A 9 BAS B oA 9 3= B 713 AA S0 g R Es A
HY Il tiet A 24T ofefE =Y 4 U= g0l 2 S 9tk

AARe] gt o] A= 20199 % B (S0 HYO2 St AT XS o =35 7] 2 A}
JA(TAHZ : NRF-2018R1D1A1B07049627).
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AYEE 23\ 20|23 FEE URAM BHEE|=
ghChEo| 2S5k IXITIBHN B4
Kinematic and paleoseismic features of active fault at Homigot and Guryong
area, Pohang-si, Gyeongsangbuk-do, SE Korea

sh=Ql | 1% —|J\Hz||1 o|A—|7<1 7|D|x41 7|-o|x41 A-IO1H|-|2 x|x4§_43'_/|._\__5_1

Jong-Won Han'* Sangmin Ha', Seongjun Lee', Min-Cheol Kim', Hee-Cheol Kang', Yeong Bae Seong?,
Jeong-Heon Choi?, Moon Son'

BAfstm X[ &Stz kst han_jongwon@pusan.ac.kr
2 picista X2zt
e e e e

of

ojefe]l 2 A0S TAAE 7FsAdol e BTS2 A, A, 718t B, 25 54 S& WS Aok i, olg
Haf BTSN Het GA FREAT LAY A7 52 Doz sjoRrttt ol Aol s AYEE YA Tust
BIE Aol TSk s BTS2 S-S 1E5H] 5t AB AT AFFREA S SRS, STl EEE 7HsAdol
O 2 R7|HAGHALE AASto] 2224 2 H& ATt 22 - %Jr‘:PtEOM gecad

g e Ao BaEE A9E PO )M .
L 939 7)o BERY, 2542 58 Bz A4 HelRe] ¥ele BUE AHFR0MWE AsEon, OSL,
ot 455 oAt RS AL S, o1 4 M A0 B T AAl S 1
= sk

ol

_o|lt‘
a
A

e
r{u:
1%
i

AYPEEAE AN A3k, AAFHET | m) A8 AP ESHE 025 m 4] 4B 727} Selslel, g AgT Aol 2
Pohe 1w AGolH T 02 H45S skt BEo] BEE k. AHoIA 24 ool 5H LFULE Holk R el
mhol @.4] S1est 439) ml3d A5 BAPRe] 0,12 me] SAWIE BYAACH, 712 &S ol ek S oo
5} e S5 0] GRUTo] PAlla S AT A B Ao BALA A8 B Stel 1
A AABAOH, 1 AHolH YEE0E o 20 m Holl BHUoIA 2HALE AAISteth EAYe] BHTTAN B
SIS BB Aol vt § 0] B9 4302 THH, 108 B935S AT tE0] AUHCL, A dolB £
272 Holt B2 J]¥Ielel vlo] o4 S2letah 49 vl 1 €59 HART 0.1 m] SHUSE WA OR, SHTNA B
UL BRI B524S Erle B TSR BE-uA U] Heu e AN AW Ha5T B Puw
£ 312 1519 9550] WIHAEE A, TR sl U5, a0 S WSkl U WIS Ul
YR A5 IRTEOR AT A B 022027 me AJECE £ 98 A WIIFE HAhue-BAE 472 AY4

o] 2-g-5to 4t é% BHE AEE oF 5.5-5.70]0, 20| A== 52 vHA|
A el st v E4350] fidt OSL iS4l 13l et 782 LU ABE
2.5 km ] AP 727t FA=H, A7 AGRARN A Au Aol it BlE = Ade e F 47140 SHRARE UAlSH
et HT-13F HT-2 Aol 718kl QHiiehe: desle T30 ZRIA, oY ©552 25 249l 2este 550l s
T EHo] At wEkA A|47] H2S9] BAR st T5He| Wsl= EP%HIXI% ol-g3to] ESR &S AAIR 23, 3 T
2 34 260£30 ka o %o PRAY} ©5EES e A0 WekEnh HT-3 2139 2R BdE = H2S2 Hadol g2t &
oS &9 Hasor FEE, vjad E2Sg ddshe 39| g5l ERldh SR YolA 3 dolsd L adE B
ol @52 v|ard 43 ol deEshe g0l 0.03-0.05 mo| #AHAS TAAZICH, A47] FHASH &S] WA= 4 18] 0]
39 B0l TASHAZS AR HT-3 A3 9] S2rdHolA $aEe 459, g2, W9 58 Z-8ote] A Mg 4
3t AT} dEEEO R QI AR MR 0.14 mE APEH, HHE AZFRE oF 528 APgHh dX) @50 5] 25475
A7Ast7] A8 HT-3 =2A14el] Eeshe mad H23e] bk OSL ‘I‘EHZ"4 o] ATl AUt Lot FEE LY FFHEA)
ARAEzARNA BEE 4T Aolsd 2eade 7HE B5e2 BT FA-ge WA A5 -gdE Tz TEsi, 19
1 FASS Adsta Ak & AolA Seld dEEe % ﬂtﬂ—éﬂ Aijo] w2t 237 A7 242 Aos Alrdd

l
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Restoration and structural evolution of the Cretaceous Eumseong Basin using 3D
modeling

0| &, ZIotx* 0|3 H
Jeong Lee, Man-Jae Kim* Hee-Kwon Lee

Ztelcystn X|Zskn), amond314@daum.net

7] 84 F shuel SAEAE BE-gA BRo R Tdd IYUSY FFASOR o] Fojx
A9) 255 ol 25l 93] B4 AelF FHEA(Pull-apart basin)olth. S4£ l
He HA%E oF 10749] B0 2 THE, o] HAY Yol b, Fe] 9 4% 59 4T
=0 et S/dEA el £k HAAoIA 4% 52 HolHE MOVE Z= 1340 ?Jﬁo}oq 3D =
ANt 1 AR AT R0 $57EE0] AP WEEo] ggo] FelFglon, ojefet

rlr o ©
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£ ojg3lo] 29 W WAAS 5 A, o] |29 WMFL] o] £A] ZL oF 1 38 km HAHr,
Zo] oF 1,84 km?l AP§ASA] Arf Grgel i &2 727), BA2) Zo] oF 516 kmel 447
Ao o] AL 9 WA £27%7F, B49] Zo] oF 5,89 kmel £ Aej AL AR
Ao R0 AU W ST, J20 B4 ol & 771 kil B4 APl kg
A W AL 52727 Dol itk SRR BEE Eo] o £30] Eaish tehit w2
A0] die 7EA o] YolA L 42| AWshe AL Helth SAEA o] BIF nE £
o BAZ A7 BRRE oML FatshA Bl IAT, EA9) YR A9 TRGE o]
L) STV 8E B EQHQ $27E7 HYA) Qolth E SRR o] HP@@
So] $u20] BFL oF 16°— 030° YA 70— 227°0]H, B The) BAS Az
Qo] et TR FRUSHE TS0 HEY Fo|5 259 AP WL Ao A
MOVE L2182 o]gslo] $2725 X3kt AAgdrse 29 9 Mdsiel 220 xeiolq 84
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Potential applications of fracture characterization based on topology
SEE Agy?
Hyorok Son'* Young-Seog Kim'-2
| HACSt i x| 28 nfstaf X|EAEAsoA 74! tgf0428@naver com
ZgI-A-IEfg 5'-:’ X/Z'IX//o/IX-P"O-‘I
1713t eHtopology)e T B T 22 FHA] AR k0] Hjat 7I5Keke BAS A sk
ot @A Y75t AAZ Sle 379 A4A WY ojA = o] obd ®F)ol| 2Jsf ¥stA|
O AL THAct T, TEAY JIsHEae) A%, W dole 944 WHoR WE 4 9] Uz
o GEAE 45 & 1l 17Isk &40l 78 4 Ut ol OI%E T 5ol +2AEE E9] @
A Q] Ao A AA7I5teH E4o] Es] =T Q. BIA O] Ao HA7IsHeHE B2 AEA
2 o 41

ol o] ojei@ P AN S4S F25)
& SHPIot 249 FHOLE B oF] SAEloLAE SpIst do] Aol 38 o] A7
B A A9 glk wehd] o] AL BAA SRS 9I5) AGT & U I A AL

(connectivity), 53Habundance) 53 22 &2 49| %‘é% ?é J5t= E'EO] Z Hn
L=y
o

{s] Aot 0] 59] 8-87Hs /32 Eofstalat sttt 23beo A HEA9] $H4715ke B (node)2t =
Atol2] HallA|(branch)2 o]0l I X R o] =m, i EoF HAR|9] o 2t F A A2, 2

& 5& Tote WS dske ol ddnt FEANA b e FET AZEA A SHE T
T O2 g Foke Y kT F 9go] AR IAtHe X b EE PR EG [EEE EPE k5 Y i
T X LB At LB B9 4t o 29 1T ERo] g} BAHIE JE 1T EYH L5}
e -1 BRHAT, RRERE 85k 27t Qe T-C BAl, % BF 9dshe =271 9l C-C B2
T o FEAY kB9t BHlX| 9 o5 A 08 236 HAA Y AEAS Aohe il HAl

A 7 94 7I(CB)E 7& 4= Ut} ESt o] & o]-&-5to] BIA Y FHeS 25k WiiHSel GEvlE
(Fracture frequency, B20), @87 & (Fracture intensity, B21), FAFYd @7 = (Dimensionless fracture
intensity, B22)5 7& & Utk ©EA9] 9715t 408 AL AZGT TR Sl tigh AR e A
A dds Tt 52 4A9 S5 AST W ARESh= Wi/l FHdS Bk H 88 E 5 Stk
E3H o= T iG] WEEA Aol Eo] E 4= QUrt wEbA o] et {75k Ad Tt B4 Ro] A
45| A8Htt fAF5 E4ET ot dAEHTEAERY FAA oY ST AEALS
o|sfisl=t] F-&5IA &&= = 1= Aol

WA 2 B AT PR T BETRMY 24D A1 A (2017-MOIS31-006)
of AT 9J3) %= .
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Study on the microstructures and seismic anisotropy of glaucophane schist and
eclogite from Jenner in California

shzsh*, Haiy
Yoonhae Ha* Haemyeong Jung

M2CHetn X[ P2etE118HE, gkyoon0507@gmail.com

B2 Addiols BEEE 73R Adnt vlSd2 Axut e, Adshks g A2 HE ARk g2
Bl 5 Wil St WA £ Aol Adshke s Azel Ao A1y} vl SgAge] Al

V= LotE AL SHQITE YT v A A2/ g0l A4 HYow HAE=T], 94 #
< FE /6t Qe HAA, w94, 544, "Rl EQ 22 3 FEES WS AR §AF oA
Hol7] wiiZof] HYthe] A n} =0} Bl 52 o5 AAATHFY JF w2 4 Stk 172
WA o] MY wlFRo] Tt AT AdAsks Y A2 AR Ak £44 olshshe H 85}
2 AT A= A EY ot AHA] A ElR= A4 HAT o2 EAI|ES] WY nlHL29} A X} A
EAES 2RI S 1Y MEES & FH4, =384, HIA0|ER o]RojA glon o E=A}
O|E: 134, A, w94, ARACE o]fo|A Qitt. Mgt ey ehio] H2)H Scaning
Flectron Microscope (SEM)/ Electron Backscattered Diffraction (EBSD) 71718 AM&slo] 8 4 &
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Microstructures in experimentally deformed Iawsonlte blueschist at high
pressure and implications for seismic anisotropy

z|&e*, "oy
Seungsoon Choi*, Haemyeong Jung

MELCHetn X722t nfsHE XM AES2(3t7 4, seungshum@snu.ac.kr

AU FO] F2E mofsly] 8f o] &&= A|%lut o /g2 AlA FkellA TEHET 15 Aol A U
Blhs AR} o AHdoke YA Y] JFE W= A0 E AZHET HYshe s ARl 1L
A A22] SHof| A EAo|E HAmHeto] A5, o] FAjo] A xlu} ool nlA|= JF= Bl ¢
Sto] PRI AF7|7|E o] &t et MPATES 3ot AL 2AU0|E HAHO QMY P
g9l £=(230 - 400T), ¥=(1.0 - 2.0 GPa)ollA WPF= 0w, AdHAG(r) 1.1 - 4.00]11L AHFE
2107 - 107 5719 27004 = Qict. AP AT A o|E YW 5 FEQI A4S FEA
3 93K(crystal preferred orientation, CPO)2> AHF(y < 1.5)¥ i (110)=(pole)¥} [100]52 HchataF
off oFr21gt AE FHIE EACH, [001159] o Z2271 Hehdakol A 45°7 &= BofA Wehylth a3 (r
> 2.0)°914E FA449] (110033 [1001%2] Fof Ex7} Hotdof of=2etA Yepgon, [001]152] F{ &
L= Aol A 1594 % oA A Uttt ol Aei7h daeh AdtAlol A ke gl A Akt
] ot 2AUC|EQ AR MY H=7t S7lotHA, Aehdako] o ayst So] [01015°014 [100]

o= WHI}sllom, [001]50] Aol ofpA5tA Halsh= A2 Ho=qlth olget ARE HIEF

2t BEEY AR} o E Aol E A, FAlA 9 A% AT} o] o H(Vp) 7.7 - 16. 9%
”Jr«] F|off o'/d(max.AVs)Z 4.4 - 9.2%= H| WA & Puo] o HofFgirt. 119 His] E4U0|Ex
Vp o]gAo] 4.7 - 10.3%2 ¥ 2k, max.AVs7t 8.3 - 20.7%2 TA| Uetsith 240l E A
O] 742 Vp oA 4.1 - 7.6%, max.AVs= 4.2 - 8.6%= HoFict. A A7} 2 AUpo|E A wQto
FEH A 2AU0|E FE50] & AT} oS B o Slths A& HEwlon], o] 2o R
TFAZY] A Y Aol A etk Acket A %1u} o o] 24| FE € 5 a2 stk

HU AN' ru°
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2D VIsccoeIastopIastlc numerical simulation of buckling structure
in the Ulleung basin

CAE I AlEl 21042 ZIT|H3
Seok-Hyeon Do'*, Byung-Dal So', Young-Gyun Kim? Gi-Bom Kim?3
1Ztelciatm XA 22[8t1} rhffldmi35@kangwon.ac.kr

2zfeicstm K| PRI AL
3 ptchstm XIEEH a1 o}

Folt fetilot wiat e W, elu o o) kel S50 s BAE HhE BAE 2 1A
oWE 87|, 25 BA2 FAE0] &Y 25 BAL thoR 84 7Ho] EAsk (94 99 mY; &
A2 99 29), 25 £A9 4249 A9 AH U5 A7 Er AL Sk 2oz A H
2 ARk B A WA, 49 7170 W2, 25 B4 AERFo] Eo
o, 54 W0 A8 Yol £ B0l ~60-70 kme] T ~150-200 me] AES B2 FEE
SR AU $3 TEE 27} e 34 2201 5L W 0 BHBUC, HA0 4
& ool we greivt Lo os) AuH, F4-94 Hol Gojo] YAElo|, B trlvt s B T2
A U FHAY FA P20 ATE o] O3 YHE FHAY 2 T2 FH] 7)ol
Ul & A0 2§ QYL 08T PULAE B 85 $40) 3 228 A
A9 BRe Ao BE M2 720 st 1B AU BAS A Ut B &5

A ) f 8 59 4 S AT A} 2300 e TUAT E98 i
S5 ol§3to] U5 QAT o FHBS 9T A SHBA WU 25 BAS 0hF FAUoE
VI A9 12k 9] 6% A0 A2 5 A0, ol SHHAOZ T A9 12 ki 4
shef A2k RS S T A WSS o §ole] A R0 S WS A
03, FAAY FE7 FHRSE 22 720 st AEo] Z7HH HBAS 2B BT T4
A3} S PHUY B AN B2 F2S FHEHUL, 25 BAGNA B2E Luoh HF P29 2]
S WO R £5 X9 55 BAo] et YU 24 AXSIA Fult,
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Thermal characteristics of active layer and assessment of soil moisture at King
Sejong Station in Antarctica

2 oFIg, Zsly, My 27?2
Chang-Seong Kim'*, Jin-Yong Lee', Heejung Kim', Woo-Hyun Jeon', Kitae Kim?

1Zt@Ichstin X|Zlstat kes@kangwon.ac.kr
23X|Q1 4 FX|DBIZH A7

B AT 542 U5 559 B4 E4S df4cks ATt old] T FFE A e EGFEY B2
4 E4E tofol= Aotk A7 A G2 AEHe7AZHE 1.5 km EojA fE T 68-95 mo]
9 glolh. A7A G Al A-(ASMI-3)0] EF4E L A2 AAE 20 ecm HO7HA] 5 em 7HE L
2 AR 20194 129 1997E 20204 19 497K 179 B9 5Euict 233t 2 2149] AA
= (ASM1)FE 2 SHASM3)7HA] 18 15, 8°& ntelzict, 94 E44Z ol
sfist7] ol K=, ti 2 PFFAE AMgoto] BRI GEAAGE ALtorlom AAEH E4E o4
517 9o A7 4TEA, AHEYEA 9 wAPIHEAS oFt %’r 59 GEAHAIS TG 0.34-0.59
mm?%/sec?] HMHE HAL ol %%l 1402 AR 7]1E A9 GeiAS: S 1Y 0.4-33
mm?/sec?] FZ:gkol 77Tt B8 o2 AFoA FARANHS o] &oto] g3 FAA S MY
(0.8-1.4 mm?*/sec)Er} 9ktt. l% HOJBE ] 0.2 km Woll §Ix]gt 7|2 A4A Gk 28 2 A4
A2 it} 1.5 km o] A= o] Y A O R 2 4} o 5P| el &3] G4 Aol tHE 2o
2 ojAE EGE 0 A BAE FHH R ZHtE 213(18, 159)°14% 20 cm ZHolE Aol
FSFE For ATt ASM3IAE A4S Ut AR A3t ASM3& A A7) Zol thE A
Zof| vl Q15 gkl w2 A whggheral detet gl

)
T
t#
_‘\_1‘
| o
)
Y
|o
Hu
mrr
rlo
>H

AAEe] 2 o] ks A A+ AP ot AL AIFAHS PE20030), T3 (&4 E
BAR)9 Aoz shAFAEe] A Y-S vhol =8 %(No. NRF-2015R1A4A1041105).
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Paleoclimate Interpretatlon through Greenhouse Gas and Ar-O,-N, Concentration
Analysis of Ice Wedges in Northeast Siberia and Northern Alaska

LA+ QX2 Go Iwahana3, Alexander Fedorov?*, Andrei G. Shepelev# Thomas Opel®, Sebastian Wetterich®, QIZIS!
Nayeon Ko'* Jiwoong Yang? Go Iwahana?, Alexander Fedorov* Andrei G. Shepelev#, Thomas Opel®,
Sebastian Wetterich®, Jinho Ahn'

IM2CHetn X|2etZ et rhskdus88@naver.com
?Laboratoire des Science du Climat et de I'Environnement
3International Arctic Research Center
4Melnikov Permafrost Institute Siberian Branch RAS
> Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research

A7 87k AWEo] ket 2 AAR O 715 9§ wal] 2 o] Bo] WFHL Uk, WebH, (7L o]
€ 22fE 75 ool 1 21 IS HE4EE B P ool A0l % Bask & @R )
ASERS o] 85to] B Q4] ol SAVIA WIS 98 WS40 2 7Y 24 B o]
5o 1152 Bk, JTEEY 5ol A8 FF A A7 2AVA YEF WS 22 o] d7o] BHL
=9

AT G2 EsAlH|g]oto] YA|gt Batagay, ZyryankaR| S L& A712] North Slope Ao, 8|40 g dS
& F5ol 714 E FEokL FHO| ZHsk= 74 5 (Dry extraction method) & AH&Sto] 7|A1E &3 7|4l
& 23| (mixing ratio)e 7FAIARRFE TSI HE o-§5to] A6t A & 7120 ZHE N, Arg H| A H|4
859 FF= WA gou, ti717F A £ FET Tol dgol thAl DA =9, 71419] §8iE o] = N,/ArH|7}
7] gkt EebAA ek §HE, d54)7] B ol m]Eo] O,F o835t 283tthd, 0,9 528 W5o] O,/Ar
H|7} ol A| g, o]23k AMAe] Y7tstod Zyryanka®t North Slope A9 9] A54719] sLHIE Akt 2 23}, of
7] 273& 71222 §(N,/Ar)=-16.0%~5.5%, 6(0,/Ar)=-86.5%~-12.2%2] W04 M5 B} Q& Zyryanka
¢} North Slope A1Z9] 41& Zafol|4] 2743 14C A= 212 810430 BP, 1920430 BPE Z=|lch &, o] & 4]
o] Ag= EEAO] st 97 EEAl= dHACE 7|97t 2Hgt A7|517] izo] 9] de2 w0l 52 &
2 FAo] FozZH §(N,/Ar)o] 29 gro]l 42 Ao R FMHTt. E3F Central Yakutia X9 AME(Syrdakh, Cyuie,
Churapcha)oll A 233t 7129 A1&(Yang et al, 2018)2} Bl w3 H S f, s ME2] CO, A= =k 20,000 BPE
2| Fgstrlol sigdtet. whebA s 2199 A-5#7]= Zyryanka % North Slope 99| AHEHT} o] & A]7]9] F
Qo n = ulFEo] o3t AkAo] Au7t @3 717E 51t Yojut §(0,/An)9] Fro] AR -100%0l 7H7k gko] =A<
ﬁﬂﬁ gt obZe HdiHolr]= AtiH o0& gyt 7125 §A137] "ol Central Yakutia A4S ASH7|=
£0] 52 Bo| A9 ;e ] okot §(N,/Ar)o] ti712] H&<1 00l 7HAA H & Zolch ZEF o2 Ayt b2 I3
719] Ar-0,-N, )= §9v|gt Aol & Hof o|F Ao X IA Wolr|9] 7% FHE FE22 4= Slrt
Batagay AE&°] tjalAE F2 CO,, N,0, CH,9 F=& &Ast9=dl, 22 260-71,000 ppm, 0.11-68 ppm,
4.7-130 ppm9| = HE Btk F& CO,9 =7t &4 UEUal N,09 5&7t A= WA veht= 39S
Hol|x 9o}, A AFTH Al 2471412 FAIA Q] A3 Aol ToflAl= F7HAQ1 A7 Dash Ao R AR HT
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Lattice Preferred Orientation (LPO) and seismic
anisotropy of minerals in retrograded eclogites from
Xitieshan, NW China

Jaeseok Lee*, Haemyeong Jung

Tectonophysics Lab., School of Earth and Environmental Sciences, Seoul National University, shoo3680@snu.ac.kr

Seismic anisotropy in subduction zones is affected by various rock phases including those
in subducting slabs. Seismic velocity and anisotropy of rock are strongly affected by the lattice
preferred orientation (LPO) of minerals. LPO of minerals in retrograded eclogites from Xitieshan,
NW China were measured to understand the seismic velocity and anisotropy of upper part of
subducting slab. In the case of omphacite, S-type LPO was observed in three samples, but L-type
LPO was observed in a sample which has higher omphacite concentration than other samples. In
the case of amphibole, [001] axes were aligned subparallel to the lineation, and (010) poles were
aligned subnormal to foliation. LPOs of amphibole in samples were similar to that of omphacite.
The misorientation angle between amphibole and neighboring omphacite was very small and
no intracrystalline deformation feature was observed in amphibole. These results indicate that
the LPO of amphibole might have been formed due to topotactic growth of amphibole during
retrogression of the eclogite. Seismic properties of retrograded eclogite showed very similar to
that of amphibole, indicating that seismic properties of retrograded eclogites are strongly affected
by the LPO of amphibole. In addition, the contact boundary between serpentinized peridotites
and the retrograded eclogites showed high reflection coefficient indicating that reflected seismic

wave can be detected easier than other rock boundaries.
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Evolution of deformation fabrics related to petrogenesis
of upper mantle xenoliths beneath the
Baekdusan volcano

Munjae Park’*, Youngwoo Kil?, Haemyeong Jung?

'Department of Earth and Environmental Sciences, Korea University, noproblem82@naver.com
?Department of Energy and Resources Engineering, Chonnam National University
3School of Earth and Environmental Sciences, Seoul National University

Knowledge of the formation and evolution of cratonic subcontinental lithospheric mantle is
critical to our understanding of the processes responsible for continental development. Here, we
report the deformation microstructures and lattice preferred orientations (LPOs) of olivine and
pyroxenes alongside petrological data from spinel peridotite xenoliths beneath the Baekdusan
volcano. We have used these datasets to constrain the evolution of deformation fabrics related to
petrogenesis from the Baekdusan peridotites. Based on petrographic features and deformation
microstructures, we have identified two textural categories for these peridotites: coarse- and
fine-granular harzburgites (CG and FG Hzb). We found that mineral composition, equilibrium
temperature, olivine LPO, stress, and extraction depth vary considerably with the texture. We
suggest that the A-type olivine LPO in the CG Hzb may be related to the preexisting Archean
cratonic mantle fabric (i.e., old frozen LPO) formed under high-temperature, low-stress, and dry
conditions. Conversely, we suggest that the D-type olivine LPOs in the FG Hzb samples likely
originated from later localized deformation events under low-temperature, high-stress, and dry
conditions after a high degree of partial melting. Moreover, we consider the Baekdusan peridotite
xenoliths to have been derived from a compositionally and texturally heterogeneous vertical

mantle section beneath the Baekdusan volcano.
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Crystal preferred orientation (CPO) and seismic anisotropy of amphibole in
Gapyeong amphibolites

A&Est, Fall™
Junha Kim* Haemyeong Jung

MErCHet X|22tZBfstE XM AES 2812174, ratorial001@snu.ac.kr

Aol A 9 A1 st Adut E42 2)249] 8 HFESY] ALY 2A 9L =tk o
ZA A} AopEE A2 o] 3f AFURTFRE sfHsH] AdiME g A9 F8 74 FE=2 4
Ao ol F3f ANt SAE ARlnh duksE 54 Art Basi. shARE S A% FE
O] AR T Fl Hiet A= A9 @it ol AFolAE F7153 FFol A% 7HEA G = S
Aol A ZAdekE AFste], 2 WiRel F8 FEs, 581 AT APFA Y] AR S e ARk
I EBSD 71715 S8l 2431, ol o83 7HEAIG Aol vehtes A3l Mg 542 Al
St 2423 7hg =52 Lol = K] ZEAACNA 2442 Type 13 Type IVE A 9jd F 714 B9
4 AR T FO] BEE U Type I 244 AR SR FL 4449 [100150] Gl oke2fstaL,
[001]50] A7z 3ol oFg YA M=, Type IV ZHdA AR S [100150] A7+ okr2]
GO ASE I APFA HlaE] ot AR de B Type | 2444 A2
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Petrogenesis of the Niagara Icefalls Ultramafic-mafic
complex, Northern Victoria Land, Antarctica

Austin Arias'* Jung-Woo Park’, Sang-Bong Yi% Mi Jung Lee?

'School of Earth and Environmental Sciences, Seoul National University, atariasl@snu.ac.kr
?Division of Polar Earth-System Sciences, Korea Polar Research Institute

The Niagara Icefalls ultramafic-mafic complex is located within the Wilson terrane, near to
the tectonic border between the Bowers and Wilson terranes, within Northern Victoria Land,
Antarctica. Previous studies indicate this complex was emplaced ~514 Ma during a period of
extension within Northern Victoria Land, [1, 2] based on U-Pb zircon ages and the complex’s
boninite-like affinity [1].

In this study, we revisited the petrogenetic model of the Niagara Icefalls ultramafic-mafic
complex using whole-rock and mineral major and trace elements from a more extensive sample
set. Also, new zircon U-Pb SHRIMP and Lu-Hf LA-MC-ICP-MS analyses reveal a more complex
petrogenetic model than previously described. The mineral and whole-rock data exhibit boninitic
characteristics with very low whole-rock TiO, content (0.07%) and depleted HREEs and HFSEs
while showing a relative enrichment in LREEs and fluid-mobile elements. However, differences
in mineral chemistry between wehrlites in the North, and a sequence of dunite, orthopyroxenite,
and gabbronorite in the South, suggest these rocks were produced from different parental
melts. Furthermore, zircons from pegmatitic gabbronorites, which cross-cut wehrlites, have
a mean age of 513.7 +/- 2.6 Ma, whereas the mean age of zircons in gabbronorite associated
with dunite and orthopyroxenite is 500.3 +/- 4.2 Ma. These temporal and chemical disparities
among similar boninite-like plutonic rocks suggest they were formed at two stages. Firstly, ~514
Ma the production of a high-Ca boninite-like melt was produced, this was then followed by the
production of an even more depleted low-Ca boninite-like melt at ~500 Ma. Also, eHf values of
the first stage are lower in comparison to the second stage products. These low eHf values suggest
the involvement of crustal materials during the petrogenesis of the Niagara Icefalls ultramafic-

mafic rocks.

[1] Tribuzio et al. (2008), Contrib. Mineral. Petrol., 155, 619-633.
[2] Rocchi et al. (2011), Gondwana Res., 19, 594-607.
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Detecting pore-fluid pressure changes with
shear wave splitting measurements at Groningen
gas field, Netherlands

Jaewoo Kim*, YoungHee Kim

School of Earth and Environmental Sciences, Seoul National University, giiox123@snu.ac.kr

The Groningen gas field, Netherlands, is the largest gas field in western Europe and thus has
the highest seismogenic potential. The seismicity and surface subsidence appear to be closely
related to reservoir compaction resulting from the continuous extraction of gas since 1963. Its
production rate has been regulated by the government after the highest compaction rate and
seismicity are observed at the central western area of the gas field in 2014. In this study we aim to
investigate detailed spatiotemporal variation in crustal anisotropy of Groningen gas field from the
shear wave splitting using S waves from local events occurred in 2014-2019 and recorded from 54
borehole geophones and 17 surface accelerometers. We measure crustal anisotropic parameters
in terms of fast polarization direction () and delay time (1) for 4,787 event-station pairs using
three different methods, which are eigenvalue-minimization method (Silver and Chan, 1991),
cluster analysis method (Teanby et a/., 2004), and manual method (Kaviris et al., 2017). Our results
show that the parameter values are highly correlated with the pore pressure distribution of the gas
reservoir. First, the ¢ is overall predominantly oriented in NW-SE direction, which is subparallel
to the dominant fault strike and current maximum horizontal stress direction measured at deep
boreholes. A strong correlation between ¢ and fault orientations is confirmed by the synthetic
test where we generate ¢ given the fault orientations. Second, the scatter of 8t decays during our
observation period, and its decay trend is clear in the regions except the shut-in area. This time
dependent tendency of dt well corresponds with the pore-pressure values obtained from the static

pressure gauge measurement at the gas reservoir.
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Detection and location of local earthquakes in the oldest
Pacific plate using the Oldest-1 (Pacific Array) data

Jun Yong Park’*, YoungHee Kim', Takehi Isse? Kwang-Hee Kim?, Hajime Shiobara?, Hitoshi Kawakatsu?,
Sang-Mook Lee', Hisashi Utada? Nozomu Takeuchi? Hiroko Sugioka*

'School of Earth and Environmental Sciences, Seoul National University, zip1900@snu.ac.kr
2Earthquake Research Institute, The University of Tokyo
3Department of Geological Science, Pusan National University
4Department of Planetology, Graduate School of Science, Kobe University

Oldest-1 array, consisting of 12 broadband ocean-bottom seismometers (BBOBS) and 7
electro-magnetometers (OBEM), was deployed in 2018-2019 on the oldest Pacific basin (age of
~170 Ma). This experiment was conducted as a collaboration between South Korea and Japan
to investigate an early evolution of the oldest Pacific plate. Here we report preliminary results on
oceanic intraplate seismicity recorded at 11 BBOBS and one pressure gauge. We detect and locate
21 new events within and nearest to the array, which are not reported by the global network. The
seismicity and earthquake source mechanism will reveal present-day intraplate tectonic activity in
the oldest Pacific basin. The detection and location procedures are as follows. Using the tilt-noise
removed data, we perform a short-term over long-term average (STA/LTA) triggering (Allen et al.,
1978) to detect P-wave arrival time in the frequency band of 5-10 Hz. We construct a composite
velocity model which combines models of Kaneta et al. (2010) and Oikawa (2010) for depths less
than 9 km with PACO6 model for upper mantle by Tan and Helmberger (2007). Using this velocity
model, we apply Bayesian Hierarchical Seismic Event Locator (Bayesloc, Myers et al., 2007), which
locates multiple events simultaneously in a probabilistic framework, to constrain event locations
with uncertainties. Given the array geometry (6 degrees by 7 degrees), resolvable lateral and depth
uncertainties are at most 10 km and 5 km, respectively. The 21 detected earthquakes occur at
depths of 3-8 km.

Acknowledgement: This work was supported by the Nuclear Safety Research Program through

the Korea Foundation Of Nuclear Safety (KoFONS) using the financial resource granted by the
Nuclear Safety and Security Commission (NSSC) of the Republic of Korea (No. 1705010).
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Fault zone structure imaged by teleseismic receiver
function with geophone array in Clark fault, California

Hobin Lim™*, YoungHee Kim', Fan-Chi Lin?

'School of Earth and Environmental Sciences, Seoul National University, hbim76@gmail.com
?Department of Geology and Geophysics, University of Utah

We probe seismic structure of the fault zone from a linear geophone array across the Clark
fault, part of strike-slip San Jacinto Fault Zone, in southern California, U.S. The 129 geophones
were deployed across the distance of about 2.5 km, slightly oblique to the strike of the fault, and
recorded 42 teleseismic earthquakes with M»5.5 during the deployment period of one month. Of
the total 42 events, only one earthquake (2015-11-24 22:45:38, latitude: 10.54°S, longitude: 70.94°
W, depth: 606 km, Mw 7.6) was able to compute P wave receiver functions for structural imaging
because of low gain of instrument response at low frequencies (less than 1.0 Hz). The width of
the fault zone is inferred as about 460 m from the delayed P wave arrivals (up to 0.6 s) and a
bifurcation of a reflection branch. Deconvolution of the vertical-component signal recorded from
one station distant (~1.2 km) from the fault was effective to identify phases that are reverberated
in or refracted by the narrow fault zone. We anticipate that the beam-forming is efficient to

clarify the fault structure and seismic velocity.
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A study on how to use MEMS accelerometer data through signal to ratio analysis
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3-D velocity structure from Pn and Sn tomography for the uppermost mantle
beneath the southern Korean Peninsula
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A study for anisotropy of the upper mantle beneath the southern Korean
peninsula from shear wave splitting

ZHEE O|ME ZMYE?
Kyeongjun Jo'* Sang-Jun Lee', Seongryong Kim?

1 a2iciatm 7|=3fet1 28l kjjio0825@gmail.com
21eqrstm x| 24 ofstat
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A 3olH, AAY A& o83t H&TY o H5
E} o] oA, Tt ol AR WES] HITHHIS é@ﬁ}ﬂ %’46 '@%Ecﬂl RS FY HE5a
Q] Hof A %Xk AhH(SKS, SKKS, SKiKS, PKS) 715S AM&3 Z}EL 1999¥~20184 7|7t &
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g5 Hges 0‘454711 Ect B3 BE S S Aol AA AT O 122 vy A &
gt o]2gh AR ME 59 HE2 SRt FAFol| FA4L dHFo| EAfgith= 2] Auket A
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3D Finite Element Modeling of Postseismic Viscoelastic Relaxation: Implications
for Strength of Lower Crust and Mantle Beneath the East Sea

ofr

A o S
2, ke, 2, aug

=,

Minsu Kim* Nawon Kim, Hyeonseob Kim, Byungdal So

2Rlcst i X[ 2=2(8tf, bdso@kangwon.ac.kr

=

A A F71+= A A HQ(coseismic displacement)@} A A 3 HY(postseismic displacement), A2
H(interseismic displacement)® Tt ©5o] gt 7t £4H 39 &2 YAol= &
o] 2|71 #9lolH, ohit X243} AR WEY] et AsKviscoelastic relaxation)= A T B9
YA 4= Qlek. Aty Asto] oJet A E W9 A7 Sl FAAEL} A Algx(shear modulus)2] H]
HAY o] A7 Maxwell relaxation time)ol] 9J&3tch Hetgd dsh= A4 | 95 F=d oHE 7|
23} A5 WEo] A7 eHdod A7} o]l A0 S A7 AL MEC] AL F4EE, HA
€ o] AJ7to] A5E) Hety A9t £57t “2|al AT oW ofetE = St HEr £ AofA=
B AR A7 Hebd S A7 M AR HER S5 © YA RS AZsHe] ©hE0] 5t U u]

ox

ro Mk
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9] A& FH4o ol 2 A HEA 73t ATEF o9l COMSOLY} & A2 PylLith &
HE A3t COMSOL2 WA A7t B47|E ol &allA 3714 23 A&olut AHE3 1, PyLith= WS
oA o= Akloly| ol L5 BE WA A 24 A ARt AP A sfAof ARSI,
PyLith ¥ut 93ta A AT Eojo} ge] A4S e
o}, B AofA], S A7 & WY HAF A5 354
Coulomb3.0 £2ZEQJoE o]-83a}o] PyLithe] A& Y A4k
ZHolA B 9H @59 vl et 1o wE FHEe] A7 §F
2 oh= AZEFoft} Coulomb 2B} PyLith BE-S o-8af A|710= WAt 2|71 ] g3 AlLstal H]
WO ZH PyLithe] A% HE BAL 5o #3t A=/dE SRlskltt. B4, PyLithe] 2|71 & Hetd A3t
HAF 58 Ao PyLithE of-8af A7} @502 R E Ao we 43 9l 2] vk 214 &
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o ol

25 A7 T Aglel vmslel 53] s A7) 7 AH Awg BeshAvt 2989 B Zolo] whe
Qrela} L. Wsjo] O3k 74 FA(strength envelope) ALsHA 271k, AA] Slot GARSE BAle 7
20 3319 LR L AARITh B9 S50 A HHES 24T 5 9 Az et
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3D Finite Element Simulation of Downward Stress Driven by Crustal Density
Anomaly: Implications for Stress State of Southeastern Korean Peninsula

ZLERlx Aay, Zols, A
Nawon Kim*, Hyeonseob Kim, Minsu Kim, Byungdal So

Ztlclstn X[ 222(5kf 201713509@kangwon.ac.kr

SHIE EEiole 2 FFAH201689 Mws.5)EZFA (20179 Mws.4)0] BAYeHiLh F A7 &
A7} obd T WOl A Dojub= AR 0= o] oA EAgsh= A|X19] 718 o|sfistr] oAl T HAE
HE A Y B350 S NEHOE AlFdhs LYo et A7 Dotk o AR L50R
A S92 W Ao A5k tr] @Eol BAlo] G UA DR I R o] & S-S A
F7] o8l Aog LA Qlrt. weha, e Wa A GojA] BAYskE X712 Ylog FX)H &
£ TEaforstt). 71E Tl Ao T3t AFoAE 1) BA] FY(fluid injection)oll g A1
Wote] TEV E|ZE9] F 4] wfjifo] WAste 5] 4 &8 FA(fault unclamping), 3) WE ol 9
3l A obol| 7k A= B9 F(basal traction), 4) BE2] o]& /ot AP 2] G4 Hislo] ©hE FE
ZEAE o A] 2ol g ] Y10 R A Fct. Y o|AT Put ThEEY A YA TS ool St
2 UEE 7R TEEATE 2T 5 U A Er| Bepdo] shiix|zlol et S ot 4
Ab 23 AFOIME TLEA 7 2| Z2HE G7IHA WA ok= S0 39 9ES AEET 4 AT F
k. & Aol A ST e YAl T ok Ao ERcke TUEA Q] SR QI Tk
29| et Jof| w2 2 9] § HSkE Retaa o g ALletr] 5] PyLith £HE AMES] A
i}, PyLithi= B AZo] B7Fsolng 5.9] AR} AJ447|E o]-goto] B4 AR 2|zt At off
2|2}, e AR WE 2P ARkl ok X2t ofgflo]] TUEAE At TS AFAA U A
o] Ao 7R &8 'AolA thaet 2] B AEs S 2% 38 WsHCoulomb stress
change)E 53] AXIGIGILE 71& AT1E 53 P2 HIE FEto] BEsH ©39] o9} HARS ARg-sto]
T30l ZrolE 389 271E HFH 02 Alsto] ThEol Aol Yol 4= 9l& ThHE] FEet 37]9] 3¢
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Estimation of source parameters for 2020 Haenam earthquake sequence using
spectral analysis method

OtedM1x ZIEHMT SBXY?
Byeong Seok Ahn'* Tae-Seob Kang', Hyun Jae Yoo?

|2 ACHSt W X| BB A| A DD X| 2 A S E, 11196abs@gmail. com
28 Arstm X|EEZ 74

20204 4% 269 5H 69 11 Ato] St AR sgA oA ATt 153742 A1-(e]3} siEA]%)
9 1 gAY Fukp(f), ST, ANEHEM,) H ZHEFEM)] 24= —’F‘%ﬂ staict. 7147
3 A=A AL AT Ao R GThs BEA0] FUY &= 3 VIS ARE ANt Y AHEHS A
Abehict. 2t B54 «l A 28EY o2 RE Yot A AHERS Allsoon, “HQ} S 1l AHE
# Uk 7o W E of&sto] 7 X719 A 248 4 '5}%1“% A 84 34 A3}, dd ez M7t A
of wet f 7F okl AL® YEHT S8t E2 735, Mool vlElshs F3/d0] Uehdtt ol 684
stego] FELe} A glo] Aol whef ARt Ao ?:IE% e Agolsitt. o, 4 M_Wet 714348 &
B A M) 7] AP ARAS S5 M -My, TAAS F=530H o] #A A Sheen er al. (2018)
oA AEE M -My, BAMEG E2 My, BFES BofErt ole + A ol ARdd A9 112 |
A7t v=7] qgo] YEhd @42z Held,
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Consistency analysis of seismicity on the Korean Peninsula

FZ QY2 BK|EH, O|AkM!
Min-Kyung Kong'*, Hyun Jae Yoo? Jechan Park’, Sangsun Lee'

ISt MET7 = E7131Z47 |24 mkkong@kepco-enc.com
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AR5/ (a&bih)S 54 A9 AX&52 sl o & FEEH A= B4 & FF=
T 84 F sfdolth. o] AtolA= AR TS A= #E7|7E Zpolof wE A XL/t Y
45131t
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At ZF AAof| A 300 km Ao ZgE = BE AZIRRE o] 83f AXSEEH+E EA6t
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SFE EASHI
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Validation of ground motion prediction equations for ground motion predictions
in the southern Korean Peninsula
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gi51Qy 1 ZME2 ofAlE?
Hayoung Park'* Seongryong Kim? Sang-Jun Lee?

IELtrffstn X|&2tZnfstat hyoung0713@naver.com
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Ground Motion Prediction Equation (GMPE; A A5Aq&4] Ti= A2 FA5S G8% 07 9
Sot=d Qo] 7P 583 840tk XA = 474 52 B4 XX ZARE s Sl 9] B2 52
GMPEZ} AIQt=|}loH, o5 ZF A Hof| Aot thefdt Feje] TA A} w74 gk 7t
2 Ao A= Rt =9 GMPES Bkl o] '8 A]219] X5l gt Y=g £4 =
flsl A =l Aol tigt A7) HS AHm ] S HUARIEE, 7IEE, SHAHEY Adtole= 70};‘1%
A= (flatfile)E AJ/3 3}, o] 2|3t A=A} GMPE A|&X|2ke] ZAFE H]wste] &4 &2 GMPES] A3
£ 37t AR 2 FE ARG A4 5ol e th/dol EAstEE, vls USGSY ShakeMap
software (Worden er al., 2020)5 A&sto] SA U} 2] BARAS 53 e FHE EA4S HHY
Sh= GMPEE AEsta, Uo7t A4 Amol 719kt AAY GMPE =58 SHE ok S&ATE
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A suggestion of the mechanism controlling subduction trench shape using
numerical analysis: the effect of trench sediment

o C
Sz A8

Jae Yoon Keum*, Byung-Dal So

Ztlclistn X[ 2225} jaeyoon keum@kangwon.ac.kr

@AY Aol A Uehhe Aol A9 s meF vl thstH, ol= Z2He] A Bt site] 23
o] HErh= A AR st =Rk wet shue] Aol 24t s+t 229 HAE A5t
7] el 2 1097t 1) sigke] yolof] the 29 FEto], 2) A £H & 2ol A= WE9] &4l
3 S&{toroidal flow), 3) AU olfollA WHE EFY F& 59 AF2H 7|Zo] AA|=|o] gt THH, 7]
S0} sl Hsto] o5 A A4l A I (surface process)Zt BAH EA =0 a7} si7t9] A
o HA= el A= dH o= =07t B3t Asgoloh HAh datollA siF erAde] Hls) Adh
Ao Yt e s EHE AT s AAAY 2 FEof o) HAst= &8 3 slab pull
force)oll A1sh= A7 B2 E-2(isostatic restoring force)Z WYAI7|= Aot} £ AtofAl= df
T FA S XAk ool $4E E&E(rench sediment)] 835 F8517] Hal, 32+ E-<5H4
(thermo-mechanical) AU 2] ZZZ A&slch. A A= JHHOE FAL STt E[H=0]A 5
T FE 9 fo] HofA| 11, G s+ E AT A8t A Sl TE Q] ol WolAl= A= Uy s+
9] FFYFS et STt EFEY vkt £2E vEg AS (O, st S FEol 4 FAL e o
< i EAE e} & £ F2ol 47 oFE B FAL ST HAE A8 A AddolM Yeh= 2
E(concave) T2 E5(convex)3t o7 Lol LEHS SRlotlct. Bt ofye}, Ad AiH= [Schellart
and Rawlinson, 2013]0] B8t AA|A| afl7- =& (trench curvature)2] e ol £ok= A& &1ttt
webA 92 = s Bl A& st K 2ASH= AP E 4 e EEStA gt
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3D Finite Element Numerical Model for Rifting: Implications for heat-flow data of
the Ulleung Basin and Korean Peninsula

UM ZHH SR, AHE
Minseok Jang* Byungjeon Moon, Yunseo Hong, Byungdal So

2Rlcst i X[ 2=2(5t0f, alstir2264@kangwon.ac.kr

A (rift) 28> T 7+9] A 25 olut A AR 249 &50] 4ol A oJsf oF4Ho| EHgE
T 1 AYho] ko] wrd g R Zto] gFopAl= @AFo 2 2| Wi B £81of Qo] 583t 2595t
@iolch. A7 A9 X3t B 85| Yol ey 59 ARt A9 2] HAL A7t 3
ojgit}. ot P& e Atoof] EXoh= B ol 2 LA A TR 2A|(32 Ma ~ 18 Ma)ys?t Bl o
¥} Fj 9 wo] sk oA FH St FE|(trench rollback) @/ ofsh w3zt ko] G 2+
o] gt $H: FAJo|t}. Foll= P4 2ol tiek B2 7HHo] AR Foln A= "AF Abm A
ZH51A) ke A dolt}, B g LoA |15}t 8351 9 A 547 (solver)Ql ASPECTE o]-85to] Z7H4}t
oA FA AAE 55 FA FHoleF U9 A/dok= ALE (Arbitrary Lagrangian-Eulerian) 7|'H-Z
v O 2 A #WH(Free surface) 344 4] B AZsioiet. Aug 4l og d=f B Wil o5
A, HAEA FAY AEIA 4] o|A] HE WAl EUR B2 ARAZ 9 s R A7 of
A WER o] Fo|X thF A H F2E FAE] Y1 2 AAl= T FF= won 2/ BA0 5
2(1 cm/yr) 9170l F71EQie). B2 W 919 27] A2 e Ldste] 7 RS ALket =, ket A7
FHE R 192 ZF G7 FEiet 20417] SHHEE "ARE B9l &5 w49k it HE R A ER
g A= oto] AHAE F40l9th & A5 ol AR 33 A HPoR FE: BX9 Y 4 &
g SRlota E3 2 FAsH o™ 20079 ol 2571 AlEE 25 BA A EFH A AR fi R
g 5 Qi) ST HoM SSEAIE FAI0 7 g FHEo] sty &5 A ZAPFPS W EolE
of Ith= A} Aot FF AolA = B B2 A=l HA AR(EE P4 Al o5 AR X &5, EF
39 FAL &5 3)E A8AA T EHE 2y /NS oot @7 drgat HA 712 olsiE SRIAl
2 Ao 7 7|t}
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3D Ground Motion Simulations of Pseudo-dynamic
Source Models for the 2016 Gyeongju Earthquake

Jaeseok Lee'* Jung-Hun Song', Junkee Rhie', Seok Goo Song?, Seongryong Kim?

'School of Earth and Environmental Sciences, Seoul National University, jaeseok291@gmail.com
?Department of Earth and Environmental Sciences, Korea University
3Earthquake Research Center, Korea Institute of Geoscience and Mineral Resources

Accurate evaluation on the intensity and variability of ground motions from an earthquake is
crucial in seismic hazard analysis. The ground motions resulting from a future earthquake can
be variable when the source uncertainties are coupled with wave propagation effects and site
effects. The source uncertainties lie within the range of feasible earthquake scenarios, which are
constrained by the physical laws of the rupture process. Yet neither realistic source uncertainties
nor their effects on ground motion in complex velocity structures are explicitly considered in
classical ground motion prediction methods that have been applied to the Korean Peninsula. In
this research, we calculate the full 3-component ground motions across the Korean Peninsula up
to 1Hz for an ensemble of My 5.4 scenario earthquakes at the Yangsan fault, Gyeongju through
pseudo-dynamic source modelling and wave propagation simulation in a three-dimensional
velocity structure. An ensemble of physically consistent earthquake scenarios accounting for
both epistemic and aleatory source uncertainties were generated stochastically by emulating the
1-point and 2-point statistics of earthquake source parameters derived from a series of dynamic
rupture models. The possible range of peak ground motions across the Korean Peninsula were
estimated and compared with the observations of the 2016 M,, 5.4 Gyeongju earthquake. Surface-
wave radiation patterns, rupture directivity effects, and the effects of the 3D velocity structure
are recognized in the spatial distributions of the calculated peak ground velocity. The simulation
results suggest that large ground motions with a wide range of variability may be expected at low-

velocity regions in proximity to the Yangsan fault in occurrence of future earthquakes.
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Recognition of controlling factor from fault distribution using Machine Learning
based on Principal Component Analysis and Random Forest

YEi4e, e
JinSu Jang*, Byung-Dal So
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359 BH wiA= 95 Aol 38 AJ2Ago] dFe vt 7IASEE o188l B B3
A9k &8 oA 7] BAIE FAsh] A5l T BEe] B{EY A= 2717t 7| Agks
Fe AR o7t T & AFolMe vt it 714 ek £7719] sl miAle
7] 913l 1000071 o1de] &2 HiA] Azt /g7 Lﬂiﬂr Yy ZHAER 74" BRV1E 2
o5 HiA] Ak== 2 W] o7k R kmel HARE FH0 o] ©5S A2l 9] HA|of vt o]yl
. olm|A o] Ame A IS Sl 7 15}% w7101 49 7hstt FHiE e 1 F,
A2 A2 E AR S A7 35 WA ARl EE FEUT HY Y LEE
33t olof Hi33k= R gk BB L& 2% BAE 3450 k55 gRdtt. ool grd 7At
5 v/ le M2 &5 wiA] ov]A|o] B HiA] 2ERJARE A ShaAtre] o TS wiA] AR
TH FE GRS = 7 o BRI 93 MAE viEolth FAAE B4 o] & FHEL
2 AT Apmoh AR AR E Bluet 23, ¢ @2 SeARE ARESAY, TSR R 2O 34.3%—’?% A
T/ A=V R 5AE HESP] A5l o W2 Rl BRAH. sk Ao 5o wEkk
7I1AISkE 2RV A TR 5 AP A8l st Ahm o FE 0 vl IE %
APt I 23, ] HlEgo] ~0.1¢9 W, 27 Ut w2 AF= BAT o] 23 FAL 24
e ZHAER HdE LR717FFAER %4 iR Hep @50 WAl se YHe Ve s T3S wiAl A

=25 79, 54 &2 A% FAHAEY = 50 AR EE Ahm ol A& AARH.
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Numerical strategies for mantle convection using PIC-FEM scheme

HPARELY, O, At
Sangjin Park*, Soojung An, Byung-Dal So
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UL WE] AF) 2HS D& WS ATFHT SAHY AETo] RARL, R

]_
il -, T
Z} 714t o] Ak} W8 Particle-in-cell (PIC) B

o rlo

W} Zgtsto] ARt 1A AR EHY 5
AFst7] Qlel A7t floll 24, 242 Hiiste YRS 91 =g et tiFoln YRS Hadith
it 22 AR @A) BAR= AE I A(Stokes) WA AT 3 & WY 4] 9] djAfo] WR35lA PIC
Ao =H G| o] A3t tia= AFFHAS B4 Gk JHAHOR AT &= Qlrk. £ Atoflx
WE 7 BAE MAEIst F 73S 40k sl PICE o83t ¥} 25 £HE ol
27} AbE, Hlastolct ARte] Yo v Ry YRR 2eF Bk 919t F 7R Mg A
of LEA-& ALl flg TEHQA HAlS SRlstYct.
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Two-point normalization for reducing inter-laboratory discrepancies in
870, 6'®0, and A0 of reference silicates

2kt BERE32 Minoru Kusakabe®
Nak Kyu Kim™*, Changkun Park?, Minoru Kusakabe?
12X|01 24 K-2E AFRIE] kimnk@kopri.re.kr
23 X[ XX ZAARA S
3Department of Environmental Biology and Chemistry, University of Toyama

Flol 4 BapgAlo] ALE ol Y BE L G AAF UL BHo] A AAH R MM o]
o431 Siek. B ALEoALS) Det (Y0, §1F0)L TR 0T 2 Y ALLT UL vlot

FHoRRH 7|Q1gt 9 da £ G35 BA5] Yol Aths Y v} uf$- AP E SLAP(Standard
Light Antarctic Precipitation, -55.5%)< ©|-&3t 274 -#=3PH(VSMOW-SLAP scaling) 4-&0] 2 g5}t}.
B AFoAE B4 Ao FAE Aol VSMOWSF SLAPS] Ak E A4S Bt A52Q1 B34
= 50l & A=A AALE FESIIAL T4 1A AlRSS E40ke AT 2kl ol &8l &t Ata
7149k ZgAske] YA AFRA7|E As 9l HIE 578510, VSMOWS}F SLAPS| A¥HE Hf
g0 7 A EFEA|ZFE(UWG2 garnet, NBS28 quartz, San Carlos olivine)?] AtA5 U4 & 29-1
TS Agoto] BASIGI A TAA B G52 AR wsklE W, 28-EEH o8 BAT
AaE YA e HEA ARE U4 gEET AT TF Aolrt AAsHlEe SISk At
A B4 9] FeA 9 FdAo] FAEHEA T A= 70/1°0 H]9] 2R Apolof A ® FAS 7t
R 7] AZHLt, oA 6180 Frof| A 71&deFEE X (reference fractionation line) 2 25E ¢170 ko] ®
A5 4 V70EIn(1 + 8170) - AxIn(1 + 0180) - y)& TTITE SHAYE A FEAL] 4 170 2 vf9- 2R
9] oA HEsta, 71EAFEEAY 712719 y-EH ] PRl AEo] utet 11 gho] - =LA et
c}. otz ghojs 7|E&AgEE o] QAT 2 Miller er al. (2020)0] AT 23 -74FY AeFRE Ao] o
TAZE 470 BlnTo] 8 5 9122 BAIET FF AN BE 9 449 47170 HEIL A T8}
o AtoA 8% g T
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Isotopic composition of biologically available strontium in Jeju Island, Korea

HUX|h2x MR HOIE2 7|3, FEA4 HEA2
Min-Ji Jung"2* Sung-Gyun Yim'"2 Youn-Joong Jeong? Gi Young Jeong?, Jong-Sik Ryu* Chang-sik Cheong'-2
1 ELrlist A 1517 | S5 jmi8967@kbsire kr
2517 | R BfRfR| o1
3otzcrlstm x| 78tz 2pstat
‘=AYt x| Ast nfetat

Ho|AHeS B3 X %xﬂoﬂ % £ 2EZE(SD)Y SUYA 242 1980t e Wil 116H7]
Aol g SgElojgtt ESE HH AEEES THLA 24(B7Sr/808r)2 tiAL IS BAlAE A
o] 27| gfobA Hf$- 11‘9'6]’ A Fsksty A A7 & 5= QAN TR 71 9E el EY 7], =9,

= HE 502 tjofspy] mjio] Yubd oz 7uieke] 5994 g I & Hhdst] ghett. $Ee AlF
Z9| BESA HF AERE 5994 220} 7|YEL ]t 5 Yolry] Yato] 83| X|HoA E
Gt AEZ AHHATE XA S-EA Ao oot EY2 A Yol YElo|E-AHE|E HE 5 AT
oA FHHoZ 57| ol FEZ A= FHFo= '6H*454t 13, 2EYE 7NRto 2 HE &
e AUdS Z3oh= 27, I3 A4 34, v d B4 5 I8 Vuite g RE feH FE

2 32 FHEE 320E UE 4 Ytk 3xolE fidozs H - ofgtavo|ES et AlRE 9
Ak EY} AE A7 AERE 594 ARE V2SI YATHY] e FeEY S
o AFRA7)E o]gsto] T EYS A Z 0= o] BAfgh 875r/805r Aih= iR AFE SR
2607045 HL)ETE &=9k=t 129 4 0.7128 233190} IM ZARIRET} 2402 747 8&A17]
EFO] 87r/80Sr Tl ShARQE Tt Eokow ApgAolu v A fe, Bz} o] F &aEE FEE
9] ZJo] F2 Hrg=]o] 0.7047°14 0.7092 Bt o3t B EE9] 878r/805r2 A1 3H0.7062-
0.7092, B¢ + EZHA} = 0.7077 + 00012)J1L AHPAE & Bo BESH HF 2EERC] EYY A

B S 9T Ql3S & 5 UYL EY FEEHT thAh 2 A& 87Sr/805r ghe 4] °H—(87Sr/868r 0.7053
e Eoh= oHT(”Sr/%Sr = 0.7092)9] ¥ vtFohs Aoz s, 5 HE, d¢ A% 5 0F
33 A2E AT 5 QU)o Ao A 73t AR AETHA A AEE% Eﬁfi AL FS
Hatsty, 138k 24 i do] sk gAE AT S A Aol
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2f|ox] At gt ECt=0t HEEM P02 FH|F21t
AEEE So 34 Mk 2 AE HY
Correction for mass fractionation of Rb and Sr isotopes during laser ablation
inductively coupled plasma mass spectrometry

1,2 1,2 =2 2 % 1,2
QYT 2, HOIK|'2 MO, UYRI?, WA

—

Sung-Gyun Yim™"2* Min-Ji Jung"? Youn-Joong Jeong? Yeongmin Kim? Chang-sik Cheong'-2

SHCistn 24118l |=0lt2] ysg09Ti@kbsi.re.kr
251227 | =apstx| oI

o] AFoME =72 AR UATY o AR A0 Hlo|A Aut ey fEAY Seh=ul YFE
A7)1& o] 835t BA Ao u|XE= St} Rb Y Y49 5= (isobaric interference)¥t AHEE gIk=
Tole 1 HAg B4 AAE I Ar 7hao] ZeHE o] Sr 5 A4 849} 8601 AAE Kr BHEA]
13 A71E 84Kr 712 1.6 mVollA] 0.1 mV $Fo|3lor sj4 oz A A5t NIST SRM610C.Z g
=731 83 Ao} 83.5 Mg 73 A7) Afe]9] H|&-2 106Fr /1673t 2 AX|519] 0™ 8559 86.5 U
49] 13 A|7] H]&(171Yb2*/173Yb ) 0.88 W2 171Yb/173Yb v &3} ZolA SEFUA 271 59
49 o] dgstA o] Fold 4= S & = U9 84, 85, 86, 87, 88 AiFol FA|= I EFHUA 27
SAYA0] 732 83.5 (197Er?Y), 86.5 (173Yb2Y) A49] 13 A|7|9t B340l SIER B¢ H|E o]
gsto] A9} 87Rbe] B0l 9lojA] aejstoiof sh= 71 a3t 4k 5994 Ao]9] Hlgo] &
HE o]85t 24 T4 Bt AA| Fholl vjs] gt 7]7|dFEE FAdo|ch NIST 6109] L7l 87Sr/86Sr
H| 2R E AALS 5510] Rb9] 717 AFEEAG(B)E -0l B 86Sr/88SrH| 2 HE 15t Sro] A E Al
oF okt 3(-)9] TAIE HolH WS & & AT AAZ FolA AEtaty 53t Rbit Sr &9 Yie] A%
A7) fshe 232740 wheh QB A] oA Lodg SRIsHHT). wheba] £3] Rb/Sr H]7F &2 B i3]
A= BSr)= BRb)C.E 7HY5to] Rb] AAlS Bgok= BHS & 4= §iot kATt B Al (bracketing)
TS & 739 Rb} Sr w=H7F 1 YRl NIST 61007 tafiA e Al=)st whet 87sr/80Sr, 85Rb/5%sr 2
HE A& 5 9lolct 9 RbS A9l X5}z Q= Afo] o¥(Sr = ~1600 ppm)Zt NIST 616 (Sr = ~40
ppm)°l A= ARb)E B(SLZ 71g5te] Rbe] M 7Hd& BT A= A 9] a3t 87Sr/80Gr 3k
S & 5 9l9lTt. AFo] o Afo] glojal AkstE(ohut ArPOY)ol 2lgt 87 Mo 2 a3t ulwls)
A5t Q1A =] et
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EFHXIE 0|88t Z2 7 Ul 518 /5 AlAR HIt
Assessment of stream-water flow system in a mesoscale watershed using
environmental tracers

Hed!* D=7 ME oAl 28512
Youn-Young Jung'* Dong-Chan Koh?, Woo-Jin Shin', Kwang-Sik Lee’, Yong-Hwa Oh?

51| ESIRIRIOIE] SHRAOITE jyy02TI@kbsire kr
2SRRI 7S X]5}4-01 7 ME]

A4A o g 4dE 202.5 km? O] Akl A3 A H FoE toR -pud Halol nhE
SHd fre A" 9] Ws S4E el e @8 A€ wsH. driet S7] F Aol 24 o
9 EHi9] shet Askeo] Hig @Fed S 8 &E o2 E & PHE YL 242 AASHA
o A7 e WEol T Aslee] 8 &E o2 Tk H & YA 24 Woke A4 gfot 2
A AR i SRS B9 AR freol AHiARl 20 YERET Y, sHH40] o] 5E 9 SoeA
2/g2 Astepol vlsf iAoz A)7]4 WE/de] A BEE o oF Mol v whdhe Aos
spebEdeh. AJskpollA 22 Ca’* o} Cl” Te 57449 HEAQ QAEEANO; 9 £ JHEE 2
of, A7 B2 Aol HiF-Eo] sUEEOlA 71 AR Fol FHft S-S EIo sk
9] - FHolA st E §-5A27F 571l et & S AEA 2449 ot vEef Ca** e Cl B

7t B71el0] SYUBEY J W Ao fYol WA FlE S BT R ARV YR
N

A
She FEARYY] BEAFFAE B2 =2 JTALS BT ol ik F5710] EYS TEol
FHALE B AR E TH2E ARAS N Be AERET 57T A9 sHd A Arte] 24 A
w29l e vt A AAFHIL & 4 e e EHY4 NO;™ 8 7IE2R sho 4%
2 FE A7 £8Y AskrE 2 4 A=, AR ARASRe} = A o F23F A5} 5)
Aol vl FFol iz oz 2 AR Yepgth Al7[3og2E | Ho 4719 AR oS Eet
ARASR2] GFol ok A Aol 2A Zels] A whsf, A2 o= 447 F2 E2ske BAE
SR Aot FFS AR A9dt. ol2fdt AHEe A e E FAE S Ul s f-50l
AR OA EdE AeeACl 22 Aulske A og, AR de SR sho] BHE Helef 8

g AAST e,

Q.

=]
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A 8ol njEkA s 57| 2lst AZIX[EHE 2| Hot
Evaluation of commonly used syringe filters for the measurement of trace
elements in acidic solutions

MR MEM2 SX|Z, oAl
Woo-Jin Shin'* Hyung Seon Shin? Ji-Hun Hwang', Kwang-Sik Lee'

151227 | = feIX| 210122 SHAE ML sirms4@kbsire.kr
251327 | E ISR I 7Rl | 2

A

10 o
i

B 24 o B

of Tparpg 2 GH O w0l et 5= F7F5H| fldf S22y FREeS Eetke ¥y
oftt. webA AlgolA] mFHAl] Ft wE S5 YAl oy F TEEHE HiEY
9] FHE wdsts A 7 BFAQ S750] v 835}t o] AdoA= YNHH 0 AR E=
oA o2 A2 FL4E Al F72] AI-IAZE(PVDF, PTFE, GD/X)oll FARIE F3} ofM EARS &
T SR S0 oSt nFdAe] FEE S AR e BEERE wiEE &) tiet v
ST $ vtk EAek tiRE ulgFEA(L, Al, Cr, Mn, Co, Ni, Cu, Zn, Rb, Sr, Mo, Cd, Cs, Ba,
Pb, U)ol tigt skt A4 E AZl BHE 543t &N =4 S4=| 9t PVDFS} PTFEE 43k &
HOJ 7§ of2] 7HA| ngdart HETA R 2A S = BE 9| SFeF Y AbAE] of Fek IA gl
o] AR FO|A Li, Cu, Zn, Mo2} Ba OFAEANA Al Cr, Mn, Cu, Zn®} Ba =7t thE v]SFdAa KTt
=2 g AL o|#3t A}o] -2 glass microfiber layersZ FAE GD/XZHE vi&% 204
| FRoHA TAE QI ol ZE 25 Ut njgdart MiEE S Qulst e E st ol
o] e} HjE == vlgd4] gol v & Aths A& gttt 1B E, G E ARole 543
taAlshe nlgd4 52 Jlgfste] BE = AlEolA Aestoiof gt

P TS
w > Lo o

ol

|7 [
ikl

2
ol
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OJMMX] 28 DE| L] 27| fA HiEsk
Background concentration of inorganic elements in suspended particulate
matter (SPM) collecting filter

O|X|Y* & M, 1EfZ, diptll, FEA
Jiyeong Lee* Seok Jeong, Taegyeong Go, Soobin Park, Jong-Sik Ryu

Bzt X|72t4 05t jylee@pukyong.ac.kr

= d7|EEAHoll= 7] F HohUAY E9e= YAHFEZPM: Particulate Matter) 5 YA+
A1E°] 10 m, 2.5 i °J5kQ] EEE ZHz} vlAEX|(PM10)2} Zu]|AIHA(PM2.5)E 7 2Jskar Qltt. vlA|HA|
= A 28710 A& Ho] 9T 1 ATTHELE o £ = 5 17 Ao ol A AlAA
02 ulAHA o] Tt At7F B AP k. SRR v HA ] WYY, FAFRE, S, B, A7 o
A 5ol TR Aol HFE o] Q1L wAHA 2AY FFEAS g vAEA 2H-8 FE 9 HiE & E
A2 Bol et A= wH|gE Aol webA o] At mIAHA] 2H-E HE Q| o 8 AFE
Asto] HAHA] 24U FFEAS At 71ZARE AlFotarAl At 7] F FHAIF =] At 1)
MHZA] Z2-8 IHE . NC (Nitrocellulose) 1155, Nylon 155, PTFE (Polytetrafluoroethylene) 755,
GF (Glass fiber) 25575 A145}o] uj=- 87 B S =(Environmental Protection Agency) B0l wreh &
& o]&9] AA 7 § &, Inductively Coupled Plasma-Optical Emission Spectrometer (ICP-OES)2}
ICP-Mass Spectrometer (ICP-MS)E AH&3ll B W F7|94aF BA61lth 24 23t ket 79 2
g 5 GF €89 84 A& 5=/t 7 =4 AE=HU &, HEE°] 1,105£59.92 yg/ar= 7H =341,
AF0E(513.95+20.11 ug/ar), ZE(392.3749.70 ug/ar), °FA(551.42+6.75 ug/ar) 5 A9 BE Y49
o] thE dH | Hls) =A A& A NC BH = HEF44.64£5.39 wg/ar), 21(41.94+0.69 ug/ar),
Z4(6.80£0.31 wg/a)T 22 Yaso] wol AEE STk Nylon ZHY 3% /19 3] 2.96£0.02 ug
Jar= 7Vg ¥l PTFE TH& & 4E0] 0.36 ug/ar oISt 7Hg Wolkth. weha, njhHA] F F7]194
of thgt AE sb7] {IsiAl= PTEE BEE ARGk o] 7P £2 A0 = waE
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The impact of lockdown due to COVID-19 in China on
Seoul’s PM2.5 ionic composition

Giyoon Lee*, Jinho Ahn, Min Sub Sim

School of Earth and Environmental Sciences, Seoul National University, giyoon80@snu.ac.kr

High concentrations of atmospheric particulate matter such as PM10 and PM2.5 (diameter
< 10 gm and < 2.5 pgm, respectively) are a main concern regarding to air pollution in Seoul,
South Korea. Multiple studies suggested that pollutants from Eastern China could be the regional
source especially during the winter season because of the westerly and typical seasonal wind flow.
However, due to the outbreak of COVID-19 major cities of China had been lock-downed (first
on Jan. 23 in Wuhan); and during February - March 2020, air quality in Seoul had been improved
and there was no severe haze event even though there was no lockdown implemented in South
Korea. In that point, ionic composition and isotopic value of PM2.5 might have changed during
that period compared to previous winter and early spring seasons. This large-scale regulation
may give us a chance to evaluate the contribution of human activity to the air quality. 28 PM2.5
samples (Dec. 2017 - Mar. 2018, Dec. 2018 - Mar. 2019, Dec. 2019 - Jan. 2020) were used for
pre-lockdown period and 10 PM2.5 samples (Feb. - Mar. 2020) for lockdown period to analyze
water-soluble ionic components (Cl°, SO4*7, NO;~, Ca**, Na*, K*, NH,"). According to 120h
back trajectory analysis (HYSPLIT-model) the samples which we used for the study originate
from northwest of Seoul. Because the air mass trajectory does not show significant fluctuation of
direction, we assume that the samples are representative of the sampling date. The concentration
of ionic components (zg/m?) are in the order of NO;~ ) NH,* ) SO, ) Ca** ) CI" ) Na* ) K*
both in pre- and lockdown period-samples in Seoul. The average ion concentrations of nitrate,
ammonium and anthropogenic sulfate for pre-lockdown period-sample are 11.89 + 9.60 g/
m3, 653 + 491 pg/m? and 5.11 + 4.21 pg/m>3, respectively. Those for lockdown period are 6.38
+ 2.76 pg/m?, 426 + 1.24 pg/m? and 3.56 + 2.06 pg/m3, respectively. The average contribution
of sulfate from anthropogenic, terrigenous and sea salt is 87.69 + 5.36%, 11.04 + 4.71% and 1.27
+ 1.05% respectively. Along with several t-tests, statistically significant difference exists in nitrate
concentration (p < 0.05), but not in anthropogenic sulfate (p » 0.05). We interpret that traffic
regulation on Chinese sources was effective and consequently nitrate concentration in PM2.5
was reduced, but as many Chinese use coal for heating, sulfate concentration was not statistically
reduced during the lockdown period. To constrain potential sources and the process of sulfate
formation, our future study includes analyzing the multiple sulfur isotopes of sulfate and nitrogen

isotopes of nitrate.
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The effect of particulate matter on chemical characteristics of spring rainwater

]|l QI
Hyemin Park'* Minjune Yang?

'E2ZClst i XSG A AEIBSHE X 254H 3HEE, hyemin_park@pukyong.ac.kr
2B A5t X| 2 etE 2ttt

B A= o|qHA|(Particulate Matter, PM10) =2} 7-9- & (pH, electrical conductivity (EC), 4=
|4 o], FEH)EAS 53l t7] T HIAIUATE 399 fetd EAo] mIAj = kS wetetarA} shgitt.
MEH2 20209 3ERE 5Y7HA] F 6HY A5 tCE J4PAE B9l 4% 271 50 mL &
g d&H 08 Lokt 8 AE W HAHAE ke F8 484 Fol(Naf, Mg, KT, Ca??,
NH)-&°l&(Cl", NO;, SO,*) ¥ $54(As, Cu, Cd, Mn, Pb, Zn, Cr)& #4511 pH, ECE S43t9ith
7] & PM109] sk HAIHA] AlA kB o]-&sto] HAIZE HUE Pt on -9 MEGH A0 4
PE|odct. B4 A3t 4 1A A Hat PM,, 52E 16.95 - 31.45 pg/m? M2 YETh 27] 739
pHe B4 4.1% A =71 =4 Uehd=t ol= t7] S22 HEH NOy, SOy 59 2Fehits 7|10 & o
Ttk §9] 49 1A A B P, =7 7P =4 S8 W 271 7% pH7L 3.8 AMJ =7t 7}
7 =7 YR 739 A& Ato] Wt pHE it 4.58% S7H6HY oW 79- 27] BC= Bt 117.63 nS/
cmOl A 739 371 29.63 pS/cm= Akt A W 2ol &4 23 NO; 9] B+t 527} 9.09 mg/L
2 7P A 3259121 Cl (5.84 mg/L), SO4* (4.86 mg/L) 0% HE=QUch. -5 W FAtdzt dAt
A 7F ¢ A = 0.79)= 3H dE A4t 22 I9A &5 TR wHET 8- i gol9
Z/gule Ao v YeRtom Ca’* (3.88 mg/L), Na* (3.24 mg/L), NH,* (2.23 mg/L), Mg?* (1.15
mg/L), K* (0.92 mg/l) <22 AZH At EFOo2RE npd 4= gl Mg?*et Ca? 7t =2 F9]
I = 0.99)8 EoH, ¥ 7| €S Aok Na™ek Cl Ato] =2 9] A (r = 0.99)7F YAt
& 2 A 79 Wl Zn, M9 5%7F 2442} 45.15 pg/L, 14.11 ng/LE #A A&=%12H Pb, Cr, Cd
5= 27771 ng/L, 0.95 pg/L, 0.25 pg/LE v]EFo 2 AEE et Zne 9579 AR, A5} Efo]o]
&F 59 FHFE WA 7heot M| A9 AF 9 7HA 4, 34 41 E% 50] HiEe] €elol |
T2 AFoA = 2 A 2HE HRCE tf7] F nMHA] = -2 thefet kehA QIAf 7t A
4 B9l t7] F rAHA] 2t 79l PRl PR FFH & nofstalat gt

ki

)

X oy 1o
B
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Analysis of hydrogeologycal effect of borehole using constant head
withdrawal test

X 1,2, o2 Sk2 52 ol
OIF! 2, HP? uhgal, RME? TS

1,2,%

Changyong Lee'2* Kyung-Woo Park? Byeong-Hak Park? Sung-Hoon Ji% Sung-Wook Jeen'

| MErlstn X 8tZ Dttt Icy0712@kaeri.re.kr
25RO Sl HALAIH 7 | SR 201

2 AoA= 75%78—1_] Sl Oﬂjﬂ NX 749 AlF=golAM g53t +YAAELD o] & 4RA & g3t 29
PO BN AlFg Ego] T SYAAEA HIkE AdrdAgE 9 &

AR ALY 9] KAERI Underground Research Tunnel (KURT)®l 22}
< s, AN F FAMSAIEE of-&sto] SR EEALY ‘ﬂq

£ SRlskginh 2 AtollA 3% AYEAI TS 53] 25771 =0t x},; = JJF;‘MW ‘EVﬂ YT 5
U=, =2 FYSFE AAT & Tioﬂ et HiEEs %S SYctke A0E BgASE 7S & ‘il
7] g &olct, AL A Y At BAAFA 140 2 Jacob and Lohman©] Xﬂ*] s ﬂ/ﬂ%ﬁ} EEZAS
W, 193 A7 S 2 & MoyeZt AARE HHE o]&-ste] oA siAlstSinh. A 20 me] T oflA]
m 7HA 9] A7k AAste] 35191 o, AR AHESHA] g2 kA= AUAE S FH5HA] ?o

o :é _
rok
Ly

BDZ-1 AIEZolA S5t HAIE 2 300014 402 g3 F A2 B44o] AWe &
Aick. A 4£579] ghol olg HEAT LA 2 ordere] HolZ Holt F3to] gk ol
49| Z7He A3 B0 AT T A GO B & 4 9k
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A study for the variations of fault strength depending on strain-rate using a scale
model with discrete element method

LA SPES E
Soojung An* Byung-Dal So

Zelcistn X[ 2228t} ansj0603@kangwon.ac.kr

AAA A7 A Zo] B3E+= 70 kmo W A2+ 7H9] &, vREE QI A A|%lo] &S AR5,
a Foﬂ/\'] 15 km oJH9] F4 99 & < 0] 1_.9’}%—‘—(8102)7]' ohg e o] Qlol ' | mf
zZ A Bk ]7 b9 #2324 3 wehd A2 W 88 S3o] A&EW A7 7+ MP(interseismic
deformation) - @& v]I1# %] (coseismic slip) - A2 & M (postseismic deformation) GAE HHES
= AR APl EZ B0l A7 HF -S89 543} 4 E SHESTh SA5HY A4S B &5 vlIE|Rle] &
A= o IS AP E L7t 21X 2F Mol Polu= 9] A9 P E ST AAst= B
o] TAE . o]= AT AU AlY F UF U At B AldoA = Fe] oFs Aot &= 7o o
2t 49 Bk M Aaste A AMT AE X[o] & 4= Qleh AP H oA 3 3o] o

A

E -lOll

A Ao Tl FBE B3] AR Adbelr] 28o] 4% T Aglo] T Aol A4S S 4
Fhupgstog grigo e e ol st teby ASU4E AT AAATAY A FAkelet

A= I Y A 23 g2 7] Yol ] k5 AskE 242 0.5-1 MPa/s@t 0.1 mm/min®|st=
AASEAL ATHISRM, 1981). Lejut A/defoll A= A ole&= ofiH, 71A1d 24 ko9t 22 A
TR W7 S Bk opy et ©F HIA|, 4 BE, AR AE 5 TR vlA R Mk $8% 9%
UV\M‘ E3) &= nndF] £29F Z4E9) vlE BAE &5 743} A (velocity-strengthening) 0|2kl &
2] 9=t @59 npzto] o Aeol U o IRttt A Aol A 4ol 5 kmol ©5-2 nRE QYA H O
%010] o &k 733}t o] dojdtt & Aol Aeo B2 EAS AEE Ad 245 /Y 9
A APA = 7Hgste] E814 A2 siActe olit8aRS ARESte] dSUS R AP AT A A
oF 2o ThE vA| 7 E A I ASUSA L] HEA = "ol o AR &5 ol 48 7hsst
T 294 48 HES0 IS dL&oto] HRE o 9 ALY £k 5 A Aottt

O
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Variations in quartz OSL signals of pottery depending on firing temperatures:
Testing the reliability of OSL dating of potteries

of2Y'* 2Hsi? 423 o|Wy4, TEF
Eun-Young Yeo'* Jeong-Heon Choi? Sungyoon Jang3 Myeong Seong Lee* Hong Ju Jin*
18H=17 | R BfSEX| 2012l PP AH|2H 2, eunyeo@kbsi.re.kr
2517 | R BfBIX| 0172l BIFEA o1 E
3Z2SSIOI A 2ol HETfSHIE] oIS HEE]
4 2EIBSITYI A HEDEI0I Al

A gof| A BF&E+= OSL (Optically Stimulated Luminescence) A2+ oJ2] TL (Thermo Luminescence)
A3 5, 325C oA WEE= TL 459t Det #eo] Qlot. wahA], A1 OSL A&7 82 ~ 325T o4
02 7HEH @A) E719 AZAdFA o] 5-851A AHEE 4= Ath Jang and Lee 2014)= A& & &
g &(500-1200T)0A B2 F Al (simulated pottery)S A&tste, &42%=9] 7t WE E7]
AFEEY 24 9 229] #iglof tfgt AG-E S vt Jlok. OSL AtiSAol 8 AME= A9~
T E7|9] FHEBE T SHUEA, E7] ARFA Y A2 =0 whet thRt AHphase) 2 2 UERd T o] =
o4+ Jang and Lee (2014)2] AFollA AHEH A &F o]&sto] E7]|9] A% ©HE A Y OSL 4%
o] oot 94 Bsl s A3l o, o] & v & E7]o] thet OSL A&7 9] 412 kof thsf =2
sFh A9 CW (Continuous-Wave)-OSL 415.9] Fast Ratio (FR; Durcan and Duller, 2011)= 600T
o]5te] 24204 2F 20-30 o] dh= HolH, A4 =7t 600T o2 Eobflof Wt FR -2 4
A} ZH4sste] 1000T ool A= 100]5ke] gt Yehdeh A g OSL 4159 Al7= AR L7} =oHdSS
S7Foh= AES HolA|Ht o] A9 OSL 415 9 4(0SL signal component) 5 AtiE&A ol AolA] -2
A7 3 AE(Medium 2-2 Slow OSL component)?] 7] wE Z 0 2 wetgcth AL Lo mE Ay
OSL Alz9] &214 £/ Mkl AFANBAIE (dose recovery test) A= 600T 0]5+e] AAJ-2=of A A2t
H E77HAFE &2 A OSL AtiS7gl 7 Aghsl, 1000T o432 i-ZoflA Al2te E719] 44 4
@ OSL Atfazp7t AA A& A A 5HA] 2= 7Fsdo] 2= AR

References:

Durcan, J.A. and Duller, GA.T., 2011, The fast ratio: A rapid measure for testing the dominance of
the fast component in the initial OSL signal from quartz. Radiation Measurements, 46, 1065-
1072.

Jang, S. and Lee, C.H., 2014, Mineralogical study on interpretation of firing temperature of ancient
bricks: Focused on the bricks from the Songsanri Tomb Complex. Journal of Conservation
Science, 30, 395-407.
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Application of the preservation scale to define the morphological quality of the
Cretaceous vertebrate footprints

ST QBiR! A2
Sujin Ha'*, Hyoun Soo Lim', Kyung Soo Kim?

T2 AICEHn X|&lstZ nfetn}) siha@pusan.ac.kr
ZEIX_L—I,_ 2CHstn afstnLn}

AR (A7 &, A=A S, ZeAkR) F H A Z A (et 2 detE A=
A E 3HA 9l SFAARA] = Mok gl SRAARR] B3] 2|3 o] whet e vh=th, ez o] A[Xof|
ot A4 23S BE-weoh] Yo 283t 2AE Aok 3H T SHARR] O] HE g YR E
SRt AYE s A5AQ HAAS AAlsof etk E3A A2 2014 "ok 9 54| B A
A& AUA 0 & JjAsto] FHSIUL, T AFE/NES B9l 2 RARRNS FAISkeI BRES 5
7rotelom Aad SHE o] 25713k Mok 59 LEE 7]&0]1 Yt

EHE o 3k 9] Tr‘%g AR I BEopA 0 2 LR EH o] F ASEE WAl SH2 3H4
73 SolM 7HE & vl AR S0l A Ak Tl Sﬂr”t e e wloly] SAEAS
Ql Aol AEEol 9lon, 11 9o s, 55, A 5 S AR OA BEQlch @A TR 5}
Mg ZSHAY WA= SRR AP HA7dEe] 134, Z3HAETE 770019, @7 HEEAY 3}
A HE-HA| 715 7180 R o] HH ASS Eold WA= 342 A &2 0 2 F7she Aol &2
Aol A= sHAA 9] BES AT EERA] B7IRE0] A A W&, BAISkL QlaL, BHAARA] A oA
Oﬂ/\]-k] /\]q]/\j f)"]/\k] Z]Oﬂ/\é -‘TH’Fﬂ- T;]-O]:/\é, ._Ei'_‘é‘ /\5] L] ?-xﬂXJO] LH%E }étg(‘)'jl_ O]TL]- :]_,2114- ﬁ]_/\-]_o’]

& AHE wdsts 71e2 AAE] A gor B7hE Eichs AAEel Tet Adoltt 71EE A85
04 TS 2ok 9l
o]t Aol A= Marchetti et al. (2019)0] AAeE B2 55(0.0-3.02 7|22 U] UA= 2449 3
5+ EX(morphological quality)& B7}starz}; gict, o] WPHE 288 49 dAf SH4 9 44| B
A

Bu)

02 AL ANKE BT BRI A L BRG] RS A 2 5
@sto] FAAQ BE 9 BIANL YT 5 U BF FF ASEES A8 ozt AR 5o
A RS WAL 7|28 AT 4 Y Ao JEr
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— 0 — - =
EXES YA H7|E ESHE AMEC| CIE S ES AN
OFXA ST O EAIAH Tl
Development of Probabilistic Estimation System for Long-term Performance
Verification of Multilayer Covers in Near-surface LILW Disposal Facility

7'%3._* *, 95y, GTIor, e, A7 A0R? gEs)?

Yuhan Kim'*, Hui Jeong Park’, Jina Jeong', Eungyu Park’, Gi-Jeong Gwon? Mi Jin Kwon? Changhui Park?
1 ZECHstm X|&stf, steal7@knu.ac.kr
251Xl H 2t
SEx|eaz121

Fiate]ol A A w712 E7H oAl Sk WA w71E2] A2 R] S7hR st of9f A
g /do] Skl lth. 53], WAk skol Wt 25 w7E & A H71E2 95%E AHAske FA]
E9 H71E9] A7t F8% SFF7F HAL Q. ofof] et SAEN WA w71E0] Ade AR BSAE
/\]/\40] A4 9 9] A3 2o 9t} S A|Alo] Zeul Yo 9o ARL 7HA T Qi wkE AJA o] A A A
52 7 HEC A5AY 24 2 fAESE ARE = e wEled] gl Sasith ek 2 A
?C’WL HESAE AL 253 HE AT f4v]e | 8] ZRALE /NS 53], BSAE Al
Aof et wW71E AZS BRI HsiAe AL 98 22 e U 5ESY A% 74 ot 8
goll met 0 HES A S dSob] At S sk ol 2 Aol ajkd e
< B A Y AAHE ARz g5E 4 e AAQE BUETY ARE ol8ske AR7IR 52
< 7IHtes Yo Het ge2]l A Bel A" 498kt shaltt. jiAf, A" U oS 2

o d

tlo

a7|&2H A g & TS T TS | Y AR 5T & Qe AET|EE Y
< TS o] & 7IREOE AP QFEAS 2719 ST 5= Sl 7IeS sl old), 85 A= 2 I
SHY9] S0 2 Qlsto] AT 4= Sl A5 A RFE HAoty] fIsto] AFH QFAA ) A
£ GEEH0E GUIE 4 e e ISl 59|, BES= ok EYY R Ak, 74 249
EAA0] oJgt B4 Wg) 5o 9t EFAALS 118 517] Y5k van Genuchten (1976) ¥ Carsel and
Parrish (1988)0l] 2afi At T A Hdll 9 EQF 242 & of-&oto] YA 7ha3eh st =49 3=
L5510l o5 7|HIO 2 SEEA AN QHA oS ATk gSoIeith o] 9, AlA 9] oA 3 @iﬂi It
Z7] &4 JsActE BAT 4= o= U E3 /L E S Mo E dE BE 34T |ES HE

RSN

L8l A S 2710] EEHOE ST 4 R A5 B ALBE 75 DAL,
AT A AABE AN Aol w2 A2oE HEEA O Ae] NS ANl Bk A
Hol 1 A 02 BEFY A4 oIS W 5 U HRH ALY 0T BLHEL,
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X=7 |4t 874 24 7| S o|8st E2|HS K= 32t
SHALE BH 7|8 TH
Development of spatial resolution improvement technique of geophysical well
logging data using data-driven statistical analysis method

ERHAd*, FElof
Jaesung Park*, Jina Jeong

ZErHst X|Zstka] pouy8286@knu.ac.kr

Aol AL FHst=t Qo] 2ATS Ame AlF Zol ARE AT & e BAFIH a4
ol olth, E9S ARE Yv WS AFY 9, AT 22 IFEES AFSol TAAA A

BHE oA ARE WeAY dRolA SHRE SEHA @A o T2y o, AZ gH]7} &4 0]
g 2w 719 convolutlonol WSl S STt B Amrt 852 4 Qlrk & AolA
13 A2 Huf B4 Hopo] & o]-€5 11 9l Blind Source Separation 7|4 % 519l SHA
FEEAH(ICA, Independent Component Analysis)& AR&slo] E2|HS AR 37H SN EE ot
A steith. ICAS] E835 AR 34 ST ol A8 &elst] fisto] 7MY ARE ol &3 HF
= AFYsltt. 73 AR A e, WA, F 37 R A Al R 24 A B 1R =94
T AR EEE TP AFT A AEAC B E e EE3S A& Al B (original signal)E A8
Aotk 181 34 FEE 5o I BT A 23 E41 5 (mixed signal)E A3 &, ICA
719o] #-g3lo] AT 2 RE WAL Pl AT E 239 E3], B AFo A= FAST ICAZ 7|
HFO & Sh= J[CASSOE ARE5HRITE. ICASSO+ FAST ICAS] HHE-AQl 3 & AlSA 3 SHHierarchical
Clustering)g &9l 7F¢ 2 43st E4gkS T&o FAST ICAEE} PR AIE Hols= AR LA
ULt TRt A AIFEAE 7HERE F 120719 Alo|AE 7HEstl o, HAl A3t 242 oA A
=T8T AL ICASSOE o]&sto] A2 E2AT AlEA 749 AAITE E461ith. 11 43 g+
0.969] =2 JHAFE 1T %’«9&‘3} oli= ICA 7]8F A& 3o T HS A==5E dH A
ARE BUT ¢ U= YulotH, o= &, & AFolA A8H B B9, A= 2EET /\Fq/\
A2 HE =2 J =Y AL ARE S5 5 U Yuieith. BE AF7HA9] A7 7H A
EE 7902 HFE Y, o]9] A& 7Hs/do] & dA4-E Bl ERlFo) wet, AA 225 A= B
Agsto] P 7k ZHoIU FS2 AASH B w2 =S EES ARE €2 5 U A= 9

Ao, olo] Tt A7 #7449l +:90) asict

r\l

rol
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Cist Xtz 7|4 REIO| X[ 0fE 0= s Hlw 24
Comparative analysis of the prediction performance on subsurface materials in
data-driven models

SHZE*, FTlot
Gyeongtae Park*, Jina Jeong

ZErHst X|Zstn} pktkb011522@naver.com

Aot vj A o] Bt AAdS A&che A2 Aot 37+ & sk thefet 14ef ) A5AQ ol fls B4
oft}. A5} v d E of|Sof qlof A5 Foj9] o]-o] 7P At vid RRE Algoht Al FHofo] At 34
7F ol 1L 3] v ERF B o] EARtt), ¥HA, A58 W &9 A5 Ame AlF 5'—01 S]4eof] Bl5f ]
o2 vl agFolHy ”EH;Q oz g 01‘4 ARE 5T 5 o] HZ vid £ o5 9 Zol o]-& 1 3l
o} £9 A3 ARE o] &st =& o 2, JFA1EH artificial neural network ANN)} 22 2}

& 7|5t o] & mdlo] ghgE| 1 %E} ey 71E9] Atm 718k 6 Rdle £ HF ARt H 7t} TAE ]
=y %”gﬁoﬂ wte}, A EeH SABAE oS5l whdshA] et wekA B AtolA = A5 Aot v
to] TA RN of e} 2| F 5k SA EAS WIYT 4 e Am 7|HE ol& HdS 019“3]'04 Ao} Hjd FEEE o
] A5S Hrlet E3, "Hiz—, *é% Hrd517] 9138l Long and short term memory (LSTM) &
ﬂu‘:} o= F& Al 52 ]%ﬂ Rom, AL HHE o]gsto] A LHE oS
Aol A= LSTM BES 7]‘5&?} ChRt ¥ mdo] 1QtE o] o] gE|glon, o]9] 52 SAA 54
P | 4= EE ANN 718H9] oS3} v @—Q‘}i‘:} w2 AFoA = HFE R F o7l & 2E
11 Aol ¥l HSEHATHM1: ANN, M2: Autoregressive (AR)-ANN, M3: LSTM, M4: Bidirectional
LSTM (BLSTM), M5: AR-LSTM, M6: AR-BLSTM). M1-& ANN< ©]-8t =2 A9 =9 S A
FEUHE ol-&shH, M2+ &9 A5 A& 9 o] ZolofA dlSH I AEI} ?Ja xqii A= B ofH|gh
th M3 9 Mé+= LSTM Zdo] 7|5tsto] YA 2R E ] 8] AF HJE 54Z oS0l WrdstA =, 5¢], M4
3T U o] 92 £ A5 FEE BT olgRIth T18Al M5 9 M6 M3 9 M4%F FARE 25 7HA
I o Y AHE oA A4 ASH HjE FEI} a S 3% Hdolrt, 1ok RH] 5 v
A 517] f13f & 37141 AU 2.9 73 Hlo[H & ol 8shl o, 2 Alue] Q= S1) A4 (stationary) el 2] 4
A2, S2) XA HIATFAS LE= S5 (absorbing state), @ S3) 7] YA E(intervening state)2] AT
AEAE 5190t 75 A3, BLSTM 2 AR-BLSTMo] -] Alube] QofjA] £2 %S E 91 ANNo| 7t
A 32 45 Btk 37HS 283 (S, AR-ANN, AR-LSTM, ¥ AR-BLSTM)] 71& &2 % A=T
= Yo sk 2Hof Bl Aso] FES Estitt. 7HAHCIEE o83t BY A5 A5 5 AA HolE
o RS A-8s}o] o]59] AAZ AL HSAL o]F f9ll, Al EF Northern Carnarvon basin® Satyr
SERHIASH EYU AT AR R/ A5E 9 -Er FEE ol&sieitt. A% 2}, BLSTMe] 85.5%9] o=
=g 2ol ANN 3 LSTMO] ¥lsf &2 452 HAoH, A3 #HE 487 AR-BLSTMO] 86.8%2] 915 7
g 719 2d F M w2 e HYt 019} L2 A BE, A4S ARE o83 44 S
FHEF E9AS € S A JEE o]85k= BLSTM ¥ AR-BLSTMo] 8&4 942 & = it

g, r\I _{lN
ol
ol

tlo

_“Jrl;

:‘.": -llm

O, o ot
KRR
0w .
Aﬂ OI‘

=
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Cloe] =E M2t SEHHI0|E] Z£8iS XM st 24 A
'c'?ll-c-)lE DBOI J_|'7="oi DBH12|'

The Relational DB Transformation of the steep slope spatial data DB with Data
Standard Design and Integrated Data Format

A 2Xl=, MY
Gyooseong Sim*, ChiGook Moon, Jaeyoung Kim

EHIXL[0{2/(Z) GISE] kstangiser@dbeng.co.kr

FFBAA Aelielmtoll et W&ol 9Ast A== FAAE R TEH JEE 2
ANREE L8t A28 otal Y Aol A AP HE IR B7t Aas ot
olA] Kol et 9l &Ao] XAt oot E5t A EAFE ] dlolE T o)1 FshHl F
AAA A2 Aol ubd £ glu ARE Agotal B4 - BEShe HHAAHES 75T djof] YAlHoE
o} #E|A| A7 DB 53] £A), DBYS 05 53t 22 E o2 EANES op7|T 4= vk whebA £ A
Foll A& ko)1 g2l %*}Xléxé% o] A 9 57|l A AYAbeke HE 37 L i*éxq

S AFTA EHE AolA 82 & YRS dolg EELAE AAISHAIL, OGC (Open Geospatial
Consortium)oll A 'HH#E ¢ HoJe ZHl Geopackge® 247]&H AAGoIHY 52 HAISH
et o3t dloje EFEMA S B9 vlolE ERE HEoto] EH FAHEQ 347]4E AA T olH
geopackageT Y 9] ATA| ZHE A EES oA ATA EE 9] #AF DBE WIS AASHIL,
A DB WA LubAQl ut Z4AQ1 GDAL 7128 283 WS vw iy o4t
A AT GubE Q] mAEAL W ETHE 9 244 GDALEY|AE E-gste] A DBR HEsh= Ao &

o1 B Y-go] HAist Hrie A2 S =ET F YU

e,
J

D)
jus)
z
E
~|
}o
h:l

to e
|
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o = = =
Ex| nHlalZ o|2st =Ll X|Zste| o FH| 278 Y
=t 4
o7 S8 24
Discovering themes and trends in Korean geological research using
Topic modeling

ZEfE "+, Al=2
Taeyong Kim'* Minjune Yang?

12 ACHSt I X| B A| A BfSHE X ASHZ TSI E, xodyd123123@pukyong.ac.kr
28 Arstm x| 24 0fstat

= & 1964 A EeH9] 2| 7F IbE A A SHEA Q1 A+t7F EdelA R E|glon, A 21 det]
= %—.@ AFE HF oz G ot | A EeHe] A7 S50l s wet AFAES v
AT 5F 2AZ A=t ou, Adete] 54 sheAlE dhd o2 EAsAY AFAtmt o

TAS =ts EFohe T TR 2R I BA4517] of2 Aol wehA, & A= A
Hopo] 9 sk&AE2 LDA (Latent Dirichlet Allocation) 75| 3 mdla]o & 4efs}o] 2|25k}
2 T AFFAES FESHL 1o i W3} FolE Ao RN AT 5F 24 M2 W

- AAStA} St} A A= 19649 5-H 2018W7HA] & 10719] =] 2| 48F #A S]] A=
10,676H 9] Foiz 231 = Alx, FAof, th=of 253 &3 A=E FHEUH. & A+ LDA ZE2
AHgSte] FAE ©ol9] FUSES W o R AFFAIE Tk, 11 2E HIY o 2/ A4

SHHES 7INC & St ZF AFFAIEL Aol e A TS BASIIH. o, At dEde
mtefsty] Al sAl £F @olo] Mg Bl o R YED E47¥E o83 A4 A2 BAE Al
Z¥alst it °1¥ A3}, 19934 o|H9] AFFAES 7% AEe} FoKAFAH S, F2AE}, S} 2}
GAEE}, A7 F B AFFARLH, 19934 0] F ALFA S FEAIES RO EY 2oF &

2, o

oo o g
o

rE
i
tlo

ho, 220 W SEAL, A AFY, F34)) BAo] FoPITA A Wot ] AH FFHA A7}
ABAULE Y Al AEA 84 Bk A A Ho]c AH2-874.9.9 Hok 7k9] ddAo]
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215918 SAR d¥2 2 EME SHS Campbell Y342
25147k s}

Change of Campbell Glacier Tongue in East Antarctica over the past 25 years
analyzed by satellite SAR

srepM > ZUZIAT ZEHS! 2! BX|E, ZAk5|?
Hyangsun Han'*, Jinyoung Kim', Taewook Kim', Hyunsoo Kim', Jihun Hong', Sanghee Kim?

1Zk2lcist X & X222 [5HE, hyangsun@kangwon.ac.kr
2SS ISR A IR IRYB TSI

G4 H 1 7}sE7) R]of] 178 = Campbell WoHd(Campbell Glacier Tongue)S 5= H2kH}t
THTerra Nova Bay) 22 §-2%= #4QI H5 5 stuto|th. Campbell ot 9] HE/d2 El2kicH} He
S FeHd wstol] DHotA BAE o] Jor, 7| TSt AFE gt 4 QAR QA E L 9lo] 7] HQ &
UEZS 5ol 242 287} At o] Aol theFst Q15914 F4H oIt (Synthetic Aperture Radar,
SAR) A& ol-&sto] 1996dF-E 2020974 25W¥7F Campbell ¥o14d2] WA} 5545, AHHA9] ¥
3= EA3F3ItE ERS-1/2 SAR (1996-2000%), ENVISAT ASAR (2006-20109), ALOS PALSAR (2006-
2010%), COSMO-SkyMed SAR (2010-20134, 2019%) ¥ Sentinel-1A/B SAR (2015-2020%) 34
TSI, SR 71kt @4 tAEol S ol WotdY] WA AAEE FESTh QA 4
(offset tracking) 7I'"§ 0. & W51 9| HYE AFESIG o, o] & 0|85t TE&T 11 HsE RASHI.
Hshd o] 2L 1Y AIZHY 71 AZE 7HAE 19964 9] ERS-1/2 € 20194919 COSMO-SkyMed
SAR 7Hd# Akgof| o]F- AR 7§ (double-differential InSAR)E 2}-8-5t0] &3 tt. Campbell
HohA o] WAL 19964 88 km’E TEE AL o] F A&H 07 Fr4ste] 20184 1€0] 70 km?& 714 2
Ltk o= 19969l Hlsf 20% &0l W&ol sidattt. 20185 E HoHde] WA 76t ou S7H
2 2 km?%o] B3It 9ol Q] 5 EEEE 25W7F 140-250 km/yrollAl 180-280 km/yr2 S7FF3 L,
A4} A= OF 1 km FE[RF A 02 BAEI % £ AF-E A6t Campbell HoHde] He v
AYUES 780k, H2hert 1] sfgFegol v X IS AT oFgoltt.

flo o

O

=
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Integrative Geological Model of Hyperspectral Imaging
and LiDAR System for Gumunso Area

Huy Hoa Huynh'*, Jaehyung Yu? Chanhyeok Park’

'Department of Astronomy, Space Science and Geology, Chungnam National University, hoahcm198@gmail.com
?Department of Geological Sciences, Chungnam National University

With the development of technology, the field of remote sensing has evolved to hyperspectral
imaging application with hundreds of spectral bands across the VNIR-SWIR spectrum. It opened
up the new opportunities in mineral resources exploration and geological mapping. Additionally,
the light detection and ranging (LIiDAR) can acquire the precise 3D geometric information using
a pulsed laser, which allows the development of high accuracy Digital Elevation Models (DEM).
In this paper, we demonstrate an integrated model combining hyperspectral imaging and LiDAR
based on 3D model for the realistic classification of dolomite and limestone located at Gumunso,
Taebaek. We show that the combination between hyperspectral and 3D point-cloud information
improves object-based classification and help researchers easily observe with 3D models. We
strongly believe that the LiDAR and hyperspectral data as well as the fusion method in this paper

has great potential for geological mapping and mineral resources exploration.
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The origin and depositional age of the invertebrate burrow-bearing white layer in
the upper Haman Formation, Sacheon

AlEHO ||:|
oT— T

AH ot

s
o|>|-

M2 UEM2 H7|H3 dE44 5tz Yol
Yong-Un Chae'* Jong-Sun Kim? Gi Young Jeong?, Kyung Soo Kim#, Sujin Ha' Hyoun Soo Lim'
15 Atfshn X|AStADfstat chae@pusan.ac.kr
2B AZCt LR D072 MEHTEAS
3okzsrhstm X| 24 nfstat
v L

RS Al djgohs AFAAl Y S /Il F3S 55 AR E Zoote BAFo] A
Zoch WA= Y A3 -_TLZ]S + Taenidium barretti, Planolites beverleyensis, Planolites montanus’}
EAotal, F2M ] ATLZE AlQJst 7|49 i EA2 XRDEA A} elo|glFlo|EQt Ago g FLAH

THCho et al., 2017). OIT 7t A7 Bl WS 7)ol SR 7Hs/do] =2 Ao R Bt
(Lee et al., 2019). o] HAoA = BAZ ARHW-1)E AF ) 7192} EZ Aol Tt FERE A7) 9
3 HjHA Aol YAES 2T &, 7| 2SR A Aol AAE A& ls o|x ol AR
(SHRIMP 1le/MC)& U-Pb EHAHE =435}t

AR Aol F3eE A+ E Hol= Ao AYZ o R EAFlon o= tE &
Y, @2 43 32 244 AdFos 2 Anfk, XJ%%QH A& Hol= 22 AolEgsk 49
TAF F 6038 A5k A 370, 419 *M 14, #2471 470, wetr] 52709) Azt 2t o
71E AlLfstd AojEso] A= Z17] thE AleS UetiiH, o]= A+ Zl-‘l‘r IHS Y=ot £H
tjofl 325k GASolA Bire A=A WAS ﬂ@ﬂ A T2 AT FHEFE s ol =2 919
HAZo A FeE A Ao 2R THETh W] AojEE2 A9 ¢ 7 %4 A PH = FRE A
SFHE Yerdth. 183 BE gE50] 9F 101 MaE S B3] 77k FHE BRIt} E3 vk
Eof :3kH oF 70% o] Aolg=0] #A4H Woly] AojE5d} AR EAS HojFH, olg2 5Y7¥
9] AojEE A AR 9 Ak HAEZ ] 7| o] S SAS 9fnot, HAHZ2 g2 SHAA 3
5|Qto & gt

AFA oA BE5 FFO=E °F 28 km Ao YA QS S Aot FRAAFE S (KT -
01)9] SHRIMP #0}& U-Pb At 104.1+1.3 MaZ R EHQ T, AFA G A FAsgo 2 oF 5 km 7
2ol A AFHE AFE-gI L2 FAZ LR AFAHY kS Kt AR A S0l sigshH 95.8+1.0 Mal] &
EAHE YERATHKim et al.,, 2013). 0|9 2 7|& A+ZHE2 A+ A9 Ao EEddiet & <
A5t , FootH QS B4 GA| BAHRA] FRA ol A shikghEo] WM a2 ofn|gitt.
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Microbially induced sedimentary structures (MISS) from Cretaceous deposits of
Korea: occurrences and paleoenvironmental implications

Uiz, woly
Hyun Joo Kim*, In Sung Paik

HACYstm x| 2841158, sunstay@pknu.ac.kr

Syt #ot7] RES (5 st A53ollA thefet njE7 Y HATRMISS)ZH 1= IH. o]
AT A= MISSY AMYE 71AIsHaL 11834 oul & sfAlsiitt. qjtEat As5olA e ndE7]d
B A L2252 roll-up structure, wrinkle mark, kinneyia structure, knobby texture, sieve-like surface,
honeycomb-like texture, chipped mat 509, o]52] W} ThH9| BhHofA] ARt FE-SEM$} EDS
40| A u]AE9] o] FRIE|QITt. TR0l MISSE H249] 45 WA gFeE0 & WTsH= AT} o]
AolA, 2552 MISS= 31 WA] A3A] A4S WA vl R0 8 Woshe AHAIY WA AEAE
ol & w4 A A4S E7E S AlFARRIoIA ERIEI o] eSS H eSS HHEst
= HAGYORZA, 179t 97|17 St AEA 7S 219 R 9 S ANA F4E Y
7 EASCE sAEth MISS7| et EA oM<= o] &3] T&E L, 35 UA=IA, AdA=3}
AN, FEFEEY EYIP|E 5o| b o5 S X559 B4 Al7lol etErE Ax WA of
71%-9] AJHj stol] A2 R, Syt Wohr] etEt A 5S04 TRt MISSS] AFE2

71% 270 =&H W9 SHFHEel XA ujAY
AU AT 25E ofy2h, MISS 4H&2] S414 9 1184 4 ¥ 9]9] S XAt
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Bird footprint deposits from the Cretaceous Daegu Formation in Hayang-eup,
Gyeongsan City, Korea: Occurrences, preservation and paleoecology

Ysiz, wols, ey
Hyun Joo Kim*, In Sung Paik, Jung Gyu Park

BZACstm X[ 12tA015H} sunstay@pknu.ac.kr
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Paired sulfur isotope records of the Middle Ordovician successions in the
Taebaeksan Basin

HEA dhMs) MR
Hyosang Kwon*, Sunhwa Bang, Min Sub Sim

AMECHatn X[ 2tZ 52, khs9419@snu.ac.kr

MDICE (Middle Ordovician Isotopic carbon excursiony= LE2TH|AY] $37] A AAZ O &
YA 240] 05904 5% Fe S7 k= Al71E A= 5Y4A 240 A ERlE= kilk
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e
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L Hjn A Yot AR AL FARUE L2 EH|AY] F7]o|A W9t F TtHFA 9
HEE QELHAY] 37|29 ASHH o8 W AAeAto] 55 Wopgit), tha &8t
= A5 o e 43R QIeh A%t A9 9] YUE T 7R 1ol wE YA o] 7 EH A
£ W Qloh 2 gAe} S A S0 oA F A2 4 8tofl 2% 4TS ot dAE,
Qo GAX F LA A2 A1 9 AkA w W}, FeHAE U =] YA Wt 5 okt
YA Estel HekE HFgRith. MDICE Al719] & 59194 ol tsiAz &u], Jv] 121 5= A9
ofxe] A7t slom A & ealts B E R2lole YA 7|Eo] HAE ]t ol & 594 ¥
5ol sl s EZ2E A SE 9] Srfel Savh= 7Hdo] T o|FA AJRHE F /M
C& Theh A4 9 59 dA ALt oA 24 Ul g Hslet & 594 7159 A o Bt A+t
9] B 8/44E Hoj&rh 9] 7] A 2|5 ATl = AF7HA] TRt Agketd A A
P QAT EAFG ol 23k w]EF 3FAtol-2(carbonate associated sulfate; CAS)2] U4 FAIof o
SF A= B E AR ZE gt o] AFoAE Q2T H|A B Fgole Y8 RAFSTY F9%5
S A AT, LB F55 ME] Al=of tis CAS 2 FEA 9] & 59U 42 +3s1lo, o
= U E- S0 thet 229] A & FdA AY £ ok}, MDICE Al7] A2 122 849 &
ea AREAE S8 uE AU, QELH|AY] F97] o] 18 B A i S HSEE o]
Stz Sioh, Al £219] & LA 7152 et AY A+ e} H|wsty, 3] BE-S o]-83f
Aol 8 3H0] 2RI S0 HH FIFE BIIoH, F RFY RAFST F 59YA 715 vlus] &
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Subtidal meter-scale cyclic successions in the Dumugol
Formation: Compactional influence on thickness trends
in a mixed carbonate-siliciclastic succession

Eunhyun Cho*, Jongsun Hong

Department of Geology, Kangwon National University, Cho91@kangwon.ac.kr

Thickness trend of meter-scale cycles is of a great significance for high-frequency sequence
stratigraphic interpretation. However, previous works, specifically on successions dominated
by carbonate-mudstone interbeds, have often examined the cycles regardless of compaction
influence, which potentially resulted in an inadequate interpretation. This study analyzes meter-
scale cycles of the Lower Ordovician Dumugol Formation in the Sangdong section, and assesses
the diagenetic influence on the cyclicity interpretation, by comparing the thickness trends of
the extant and restored cycles. The Dumugol Formation consists of shale (Sh), limestone-shale
couplet (L-S), thin-bedded lime mudstone (LMt), massive lime mudstone (LMm), and bioturbated
lime mudstone (LMb), all of which are intercalated by intra-bioclastic packstone to grainstone (P/
G). A total of 115 subtidal meter-scale cycles are recognized in the formation, and most of these
consist in part of Sh, L-S, LMt, LMm, and LMb in ascending order, forming subtidal shallowing-
upward meter-scale cycles. Based on the deepest facies component, they are classified into three
types of Sh-, L-S-, and LMt-based cycles. Fischer plot trend in the extant cycle thickness shows
two hierarchies of oscillations, with sets of about 50 and 15 to 25 cycles, respectively. Larger scale
turnaround zones from thickening- to thinning-upward cycles occur around 7th and 92nd cycles,
and the opposite turnaround is located around 47th cycle. Similarly, the trend in the restored
cycles can be divided into two hierarchies but differ in the scale of larger oscillation containing
more than 100 cycles, with a peak zone near 48th cycle. The lower to middle formation, an
interval with a major discrepant thickness trend, consists mainly of Sh-based cycles rich in shale,
and thus the restored oscillation appears to better fit the consistency in between thickness trend
and facies proportion of the cycles. This different trend in larger scale oscillation may have
resulted from earlier lithification of calcareous sediment, followed by significant thinning of shaly
deposits by selective compaction. This finding suggests diagenetic influences on thickness pattern
of stratigraphic successions, and would contribute to sequence stratigraphic works, specifically in

the mixed carbonate-siliciclastic successions.
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Spatiotemporal transition of diverse skeleton-dominated reefs from the Upper

Ordovician Xiazhen Formation, SE China: a dawn of middle Paleozoic-type reef
developments

HIEIQ!* FZEQt23 EXRM4 ZIMFS 0|SZI°
Jino Park'* Juwan Jeon?3, Jongsun Hong* Suk-Joo Choh® Dong-Jin Lee®

Isterfistn 7182124, jinopark@handong.edu
AN DME A4
ot
‘ztalcsto X|&stat
°eqclfstin X| et afstat
6 Z/Elrstm x| Aatstchst

o] AN e LELHAY] thifil 7]7F 59t A
AARE S5l ol wet AEEo]-Q 2 ER|AY] Fet e = +
ob7]-Hl 27|91 A = At -F85(stromatoporoid)-S|ZF $4 2 AEXE AL 53], =2 EH|A
Z-%7|(Darriwilian-Sandbian) FE%9] F8 A&A}F % 519l labechiid 2352 QELH|AY] &
(Katian-Hirnantian)ol 591 clathrodictyid 55502 A o] AZe]olr|-gE7|7}R] X|&2 02 diif
B AYEZ] F FHYOE HofslGitt. o] AFolA= S FH-9] A (Jiangxi)d Bl HEst= &7 2
2L H|A7](Katian) AloF(Xiazhen)&ol HEE ot =2 HI6HH, clathrodictyid $35= 5

deoEot= AEx G AlI714 HaMdS B7lekalA} gt AlopAlFoll = 67H4] R-3 2] =20l 8
7 oA gt} AlopdlE9] oHt-E-oll= sHEERH (DaHs=-H EZH & A& Z(demosponge-
tetradiid reef); Q)SNH5E-AAMKIE AEZ(demosponge-Tryplama reef); RYFHALS -3 HE=E A&
Z(Agetolites-demosponge reef)7} =24 0 & UEpdt. o] JEZES 7Y /ol AHo = T
Skl F2t AU A EASEA AR F5F D AR S99 BERe 53532 M FHYLE x6)
o theFet o] Fofsh= Hot B R o2 Yehdth A7 2 ()9 E clathrodictyid 834
S AE2(dendroid Clathrodictyon-tabulate coral reef); (5)5% labechiid $5% &2 (laminar
Stylostroma reef); (4)-3°] tHA] FAE £ (6)5F clathrodictyid 235-ATA4E AEZ(laminar

N mw o

Clathrodictyon-tabulate coral reef)7} A% & S04 Weol=d], (4= FoIUA, (5)= AlYA, (6)
2 o |e} Ao A] ElAAH A 2+ FAdE AL = clathrodictyid 5832 Z3t AExE50] B4

At oA gt FEiR LIPS HolET. Aot clathrodictyid 358 Bex= 571 14
ol il Mgt clathrodictyid 5559 A g A=z 7829 ASite BolF= 283 vl
3

ot
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A sponge-microbial consortium in the Cool Creek
Formation (Lower Ordovician), Arbuckle Group,
Oklahoma, USA

SeungHoon Lee*, Jeong-Hyun Lee

Department of Geological Sciences, Chungnam National University, seunghoon.lee0826@gmail.com

We report Lower Ordovician “stromatolites” formed by microbial carbonates and keratose
sponges from the Cool Creek Formation, Arbuckle Group, USA, which formed in shallow marine
peritidal environments. Various stromatolite macrostructures are identified from the formation,
including single hemispheroid, laterally linked hemispheroids, columnar/branching digitates,
and microbial mats. Under microscope, various microstructures including fine-lamination and
“vermiform” structures are identified, among which the former is interpreted as fine-grained
stromatolites and the latter as remains of calcified keratose sponges. Vermiform fabrics are
characterized by anastomosing, slightly curved bifurcating filamentous structures, which would
have originated from the fibrous spongin networks of keratose sponge. The vermiform fabrics
are generally observed as layers interbedded within stromatolites or intraclasts in the Cool
Creek Formation. Such keratose sponges are not observable in the field, but can only be clearly
identified in thin sections. Overall, this study suggests the necessity for the re-evaluation of the
“stromatolites” in the Cool Creek Formation, which are previously interpreted as microbial in

origin.
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Sequence stratigraphy and Depositional environments of the Middle Cambrian
Daegi Formation, Taebaeksan basin
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Byoung-Han Kim'*, In-Chang Ryu?

15t %I'EX/"-'— ZAf O X|X|2IE] kbhnj521@kores.or.kr
ZECHE W X FAIA R DfeHE XA E

ShUAREA) w4 ST OIS et hAto. R BEake AT ABelol 7] B715E oF 300 mO)
SHE WSy 908, £ ATE g AEAg) Buske g/15S Yo HAY BE U Hay
232 59 H4BAL volo £AEATY S Sttt 2 AT B AEYY AuAY
24 9 HEYBAUSA FYRARAE] B AN AEAE BES B9 G520 olg-AE
A, HBI-AY LA, ol=/230|E YA, HAE~YAEOE F4H Microbialite’d, H3lole
~HlE0 2 748 Microbialited), TAH0] BAR~QIAA, Tt} 2RI 5 % 7719 sjayos ¥
ST B4 25 L B84 2L Bo AT HARAL BB YRS FRE =] o
S o2 Outer shelfoll A Peritadal 302 Hofjgts= FA4s Holal th7|F Ao 0|24 &

A GAIZE tf7] =2o] 9Jgt 217] FIEAE Aol WdstH, t7]S AdRA = siFlo] 3t siaH A
© & Subtadal ¥ Inner shelfZ H3lsh= FAFO 2 401t} o] &gt FAFS t7]5 shE 9 FHA17H
A AR 29 A3 oAl BA] WRE FolEls Tk E-E9] ol HolRle I | = -t A 7}
ol th7]5 Aol A= siEol o5l A thA7F 7ol g E o] 7IEAE U A &4
Zte Qo] FA == P71 B A THIAl- A =917 | B A oA, ti71S 235 9 IS0l 24t B4
20| FAUWRE FFEIL o]F M= Qs M8 FAAARCE ASE = SRV A oA} dE ol
S & 3TA EHEAE Uehvks Ao siAsteltt. webA, A FH B 2jolr] 571 Series3 Drumian
Stageoll E|4E tf7]5olA 7I2AE T3 A &4-5= 49U S 59 i 2 33 =¥ =
A5 A= A5, AAAZ & FA7]0] EHE EATZoA tf7] eEol oJs) FHE 7IEAE AP
ofL} I SFA|H, ﬂiokz 9—%?1% B9l 22 WA 3% &9 =25 AAZE HarE B QLo B2 3R el AR A
W AE o] F71 19 2t ou]o] lojA] M2 SA414 AFaLe] E2 AREE 4= Qlom, AA+
A SA ] lo] S8% AT = mf {87t AEE AlFT = AUt
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NFE S 3slate| siFUE shallF e ciste]
EHIFEOIE'JQ(AMS) Xp7| o|MdjZz=e| et sialiRe
skt sl | x|of st =2|S kst Clist =2
AMS (anisotropy of magnetic susceptibility) of basaltic tuffs in the Suweolbong

tuff ring, Jeju Island: discussion to paleo-current directions and a location of
source vent

O|X|:1* HER3 0|5-3 & 22 =gy!
Jisu Lee'* Chang Woo Kwon?, Seung Ryeol Lee? Moon Son? Hyeongseong Cho'
1Z@4clistm XA afstat, Jisu7150@gnu.ac.kr
25 MCstm x| &BHE Tfstat
3SR AR FEX|E AR

SHHEER QIR ST W 8UFO AFS BA 39 SRS HIESto], FAME W 22 1A,
A EZA G pAIS] 540 o] 27|71 HiS- 783 HEE Al 2, sHRe YR LAY &
2 912 B Shtel chARBOPHIAMS) 4L 5 rock fabric STHL TR HUES o
2 I AFAN7} =28k Qi o]# 8t Ak olHMA o] A8 A O Tokrlof|A] QRARFA 2 o] B4
59 0 8% TeT AR0Md BURE 8 e kT glov], AR sl A g0l S
288 Al e Al SESIE shE Al9jstale A 9] AFsltt o] Ao ATk 482 3t
TS W= tirEoldAde A8t skfFo IFF I o9 AAE =9fokal, FF44 ot

HFAolM vA = T HE 1‘41Xl~g°lt‘“u A& 7hsde AESIAH. AlFE A% st $A]
o5 gRg oS 5 uje @R SpYFFOE o] Tl glov], A g sFvt wZslo} 1A ¢
of ZJeket o] A|of gt S0l 9&54% Stolt}. oflad Aol 2AY o, +EESIE FFL
ERE YNE 242 QUEA 39| Tt GolA R YAt T/ % Rhche 5L Hol, »YR| Bao
T S AT A o® FAEIL Qe Hoh et A 914 siAe Sls] EE HEE dL
E F 77N section, 54 site?] 5137 oA HZ A 5t0] tiARE TS S5 SHH BE siteol| A
A % A Tk AAshe k37h A S0 FHH| 9l0v], kizH kot A9 450 R 747}
THEAY dig2 oI FIL AUtk o3 42 SHIFUS IR HAYOIA HEu= A4l EHLE
A7 v ATZ7}F _—gjq.;a o= Aoy i, 793F HAo] A 02 7}55RS A A5k Qct T3 Az 2 2
A S WFS AAIShe k12 TR sitedll A 541, BEA 183 552 ) 20 Helo] Aoz
A A lﬂi"cz} EAE2 T olFo] BA~EZORRE HE~dEoR olFH A A5,
TUSHE A A ST BA YA B 91T FoR A T, BHE 1hFo| BAMEE
Hpago] ofd thE W0 @ Ut siteSo] REH 08 FAET|, 052 rock fabric?] Wiko] u]okgt
MEZ ”G}Eﬂﬁ*ﬂ} 293 AsE HAF 59 Z2oEE wdE o]t siteoll et et sjAle
re|sta et tiAkgo g A ST ool
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Clay<Q| &tzko] 2} TOCR} 7AESIE 7t MIY7IAK F59]
2|0l 0|x|= 3t
Effects of TOC and gas saturation on brittleness of shale-gas formations and their
changes due to clay contents

HEQOI* Z10JA
T—0O s OO0
Eunyoung Park* Youngseuk Keehm

SECHEHL X|EEHE 050} eunyoung09@smail kongju.ac.kr

Fago] W2 AY7AARSY o] Sdukio] AMgEEE T84 A 95 AFAY
45/99] mofo] FQslth o|d AofA HFSARRERE S FHcte F 7HA9 F4d = (Brittleness
Index), & FERJS o]8doh= BICS ©AIE ol8oh= BIEQ] EA7} oulof| st} AHE YT, o]F
9] zto]7} TOCS} 7kAx st o] 9l5f 7916k A& B st vk Qlet. 89kshH, TOC7F S7kohd ¢H49] #
32 FHaste, TOCS 9] 7PARSHE = F71otH AL F71oke ACE Uetyth & d4olA= ol
o] aE AFH oz sty AF ¥ Uehts g8 Am R 94 Yol TOC7 5718 739 TOC
7t A9 frames softsHA| ¥HE01 9H419] F/4d0] RolA|= A= A= QI A9 stiffness7t = 7
% & clay?] gFo] ¥ 9o 837t I, Qo] AA o shalyshAd TOC7t HA 3dol vA= &
e A4 o ZolAs ZA0E Ueth 0 & 7IARSI oA 7FARS 7} SV ) JE0 FAK
o} ZopEu| 9] ZHho] 9fgh JjFo B A, I o HAJo] Floke AR ekt 121 o] Hil=
clay®] gFgo] v ¥ Aol 18A IA Fri7t clay?] o] S7FHHA 1 a37F AAGL clay
9] gHFo] ti- ol 11 &3k= ThA] Fhaoks HIAF A it YET o] o= 949 7hAxst
ol tigt V=T Y EE EepAe A 0R Aol 7 Ao R wetHh Clay7t AY Qli stiffeh o
9] - 7kA9] A7} 3A VERHA] gttt clayd] fho] S7FskH A FAlo] X4 softsf AW 1L &3kt
AAE A2 Azt SRR clay9] Fgo] 1% okA W ofu] AUAA softe A frameol 7}A9] &}
7t AojAl= A0 E wetHrh 2 AtolAs TOCL 7HARIIE 7L I A7IAA 7S] FAol ojw et Y=
o2 =2 B4k HeEfotglet. £3], clay?] $7Fo] S = (15%<Velay(30%) =& 4ol o] &= a37t
o ZA Yeh7] wize]l /9] siAol Eo] AT a7t U AlAeiT
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Analysis of agricultural groundwater use and fluctuation in Korea

HzS > 0|FIg! S5 2 ZsH' £453 oA
Chanhyeok Jeon'*, Jin-Yong Lee', Jong-Koo Mok? Heejung Kim', Sung-Ho Song?, Gyu-Sang Lee*

1Zkelchigtin X|&lstaf jeonchan0424@kangwon.ac.kr
A(F)X|M 2|02

SR SO ETA HIFX|GHEE

‘IR E0|ETAL S0|ET1R

TAHLR FUE Aot A Aot ARSFY of 70%E AHASHAL eH, 5U-E Alskro] Bt
AHEE Aoty 1ZE op7sh= 7P & Uelolth T S 5 Y8 Aok AREERS 19944 9.3%m>0fA]
201649 21.19m°2.& 11.8%m’ F7FFA L A A5t AME F U8 A5k ARggo] ApAoh vl
2 19944 38.1%°14] 20164 52.2%Z S7F5t0] 14.1% S7F6t9ltt. ol FU 58 A5 ARego] A
EoA S718tAL 9lom A A5k ARGl A 2 Hlga AFAISIL Yl HERE B4 ofyzh S w8
At AR FER S71eE TRt ARRo] Alskr AAEA] e & ¢ e HERT wEkA =
&8 Alskr ARgel S7F 94U Tz AGHA 5U8 Aok ARFCl 71 Aol 2
& 4 9l Y At L2 oSt ARl HAE & Qe e AAE 5 A 2 dFeldE s
& Aok ARE 571 LIS A 715 S Vel SHOE o] 19945 E 2016E7H4 2 &
7ol o] 8, S WY ot ZreAuiE A Hoh S& mefelal olE S 58 Ask AREY &
7h A skl shAT

ZAke] 21 o] AT 20209E FEEH)Y AUOR FHATAT] AL Wol Sh=|gict
(No.2019R1A6A1A03033167, No.2019R111A2A01057002).
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A preliminary study on the effect of intensive microearthquakes on
groundwater in Haenam

XK', ojgy12 oZIg!

Jiwook Jang'*, Sungbeen Lee? Jin-Yong Lee'

1Zt@Ichstin X| &Ikt jjiwook1108@kangwon.ac.kr
2Zkaicstm X|&- x| 2 E2(stE X|E st Z

AP sfdoll A A 20209 4% 26¢5-H 59 947HA] F 743] 9] AFA ] u| AR %lo] WYt
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Comparison of water levels and chemistries between geothermal wells and
surrounding wells in Pohang, Korea
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Groundwater Flow Characterization of Daejeong-Hankyung basin, Jeju-island,
using time-series Data-driven analysis method
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Sensitivity analysis for a groundwater flow simulation
with simultaneous changes of hydraulic parameters and
domain resolution

Jaegeun Jung'*, Hyoun-Tae Hwang?3, Sung-Wook Jeen'*

Department of Earth and Environmental Sciences, Jeonbuk National University, rhwlffk951@naver.com
2Aquanty, Inc.
3University of Waterloo
4Department of Environment and Energy, Jeonbuk National University

Hydraulic parameters such as hydraulic conductivity (K), porosity, and specific storage (S) are the
determining factors for groundwater flow simulation. On the other hand, heterogeneity of the hydraulic
parameters may be different with respect to the resolution of a numerical model. In this study, we
conducted a series of sensitivity analyses for a flow simulation with simultaneous changes of hydraulic
parameters and model domain to determine which hydraulic parameters affect mostly the flow
simulation and to what extent model resolution should be considered. Groundwater flow simulation
was conducted for pumping tests, which were conducted at the Environmental Impact evaluation Test
(EIT) facility site of the Korea-CO, Storage Environmental Management (K-COSEM) research center
in Korea. Modeling was carried out using HydroGeoSphere (HGS), a three-dimensional groundwater-
surface water integrated simulation model. The hydraulic parameters including K, porosity, and S,
were changed systematically, and the coordinate of the simulation domain was divided into 1 (1 block),
2 (8 blocks), and 3 zones (27 blocks) in series. The sensitivity analysis was conducted by changing only
one hydraulic parameter in each zone of x, y, and z coordinates for each resolution from a base case
condition. The results showed that in the cases of changing K or S, with simultaneous change of the
resolution, the matches between the simulated heads and those observed from the actual pumping
tests were much improved for the particular cases that hydraulic parameters were changed in certain
zones. These improvements were amplified when the resolution was increased from lower resolution
to higher resolution. However, there was little improvement for the matches between the simulated
heads and those observed from the actual pumping tests, when porosity was changed simultaneously
with the model resolution. This study suggests that numerical simulation with simultaneous changes
of hydraulic parameters and model resolution can help understanding the hydraulic characteristics of

subsurface area.

Acknowledgment: This research was supported by the “R&D Project on Environmental Management
of Geologic CO, Storage” from the KEITI (Project Number: 2018001810002).
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Characteristics of cesium sorption on granite and chlorite in
an anoxic environment
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Development of an efficient data-driven method to estimate the hydraulic
properties of aquifers from groundwater level fluctuation pattern features
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Effects of Wildfires on Black Carbon Materlals in the Soil and
Groundwater Environments
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Analysis of the characteristics of clogging evaluation factors in groundwater
artificial recharge area
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Impact of highway embankment construction on groundwater of
the nearby farm
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A Study on the Hydrological Characteristics of Unsaturated Aquifer in Jeju Using
the Variation Data of Underground Water Level
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Multi-channel image analysis for estimating solute concentration profiles
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of T4} ojw|A] EAHE O] A 75 3= B7FoHlth. A ¥ A, kaolinite®] 7% B-channel& 483t
HES W &4 sE=RE7F A 27](8.2 PVs)2t £71(25.4 PVs)oll A I5 SHik s Alsf) Aot 77 =2
AA =S B YCHE=0.96, 0.94). Montmorillonite:= G-channel-& &3t & EL7} Sk 27](7.5 PVs)
o} 371(25.9 PVs)oll A SHil s Ao Aot 247t w2 A =E ETHE=0.99, 0.91). 5t bentonite=
B-channel& 831%& o, g4t 271(1.85, 8.2 PVs)oll = PAE(E=0.98, 0.98)F EA oL gt 57]
(18.1 PVs)oll= 2F 420 mg/L ©]5t2] &4 5k #1904 YA =7} thas A6 THE=0.86). T3 71 o139
= HYolMe vk BES0] A E7FsIAtl(E=-7.1), ol= €49 5=7F 9 420 mg/Lolid]
FloA= & S7t0l W& B-channel?] MAZE H317F A9 ¢17] HiE o &2 W=t 3 5= 9ol
A 84 5k IV wet G E ML Q1= G-channel& FEA 02 #8519 o, SAo] &+ 74
o] WAFE AHESte] B g 4% 23 5k X S S A7 AR w2 AEE BATHE,, ;=0.90).
ZEXHOF kaolinite?} montmorillonite= 2t @Y M4l 283t AR WA Y 5 £ F70]
7Fs5t3. 21, bentonite?] 9= gL 7]7te] et @Y Ei= F 7HA] channelS A9 A&t B4
Ho] g a3t Aoz wrtE ot
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Pumping-injection device for hydraulic flow control and plume containment

0|&3}, uhats|, T A, o|HxY
Jonghwa Yi* Chang-Hui Park, Seong-Chun Jun, Myeong Jae Yi

(PX[RZ2I21 7|YGEHI72L, antaresz@geogreen2].com
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A study on the sorption and stabilization of strontium
using natural and synthetic zeolite

Soo Kyung Kim*, Seo Ha Kim, Minji Park, Hoon Young Jeong

Dept. of Geological Sciences, Pusan National University, sukyong0421@naver.com

This study examined Sr?* sorption by natural and synthetic zeolites and stabilization of Sr?*-
exchanged zeolites by thermal treatment. Sr** sorption experiments were conducted to obtain pH
sorption edges and sorption isotherms to evaluate the effects of pH, ionic strength and initial Sr?*
concentration. Also, Sr?*-exchanged zeolites were thermally treated at 800-1,200C for 2 hours,
and they were subsequently analyzed using X-ray diffraction (XRD) to examine mineralogical
changes. Sr?* removal efficiency by clinoptilolite remained nearly constant over the pH range
examined (e.g., 4-10.5), but the removal was strongly dependent on ionic strength, with the
greater Sr2* removal with the decreasing ionic strength. At pH 6-10.5, a synthetic zeolite 13X,
which has a high selectivity for Sr?*, showed a great removal of Sr?* regardless of ionic strength.
In contrast, at pH < 6, the removal efficiency decreased significantly likely due to the dissolution
of 13X under acidic conditions. These features were also reflected in sorption isotherms. By
XRD analysis, thermal transformation of Sr?*-exchanged zeolites to non-exchangeable forms
was noted. In case of clinoptilolite, the zeolite framework was maintained at <800T, but it
collapsed to form cristobalite (SiO,) and Sr-feldspar (SrAl,Si,Og, monoclinic) at >1,100C. For
13X, the zeolite structure was retained up to 800C, but it recrystallized to Sr-feldspar (SrAl,Si,Os,
hexagonal) at 900C and then Sr-feldspar (SrAl,Si,Og, monoclinic) at >1,000C.
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A modeling study of solute diffusion in a multi layered aquifer - aquitard system

7 Yol
Seonggan Jang'*, Minjune Yang?

|2 ACHS} I K| EZA| A BfSHE X S Z S E, seonggan@pukyong.ac.kr
25 Arstm x| 24 0fstat

AFpFo] EAIGH= Alst AIAEIS] Y, 09 EE2 AFSS YRR Ak &5 Baste] wdt o
T2 LA, "5 A3} o] Fo = AR5 AE LUEELS Al 29] 20| Hof ik
3l AT RS2 ASSNA LIAZIA Hok. & At of=Rt oF HEE 7S] Alst AlARE 5
sto] 13- 24k s A& g otaiAt gt A RE S 947t 7MY -5 W= FoHE tipS(4 cm)-
S AESRZ() cm)-AFE 1222 cm)-AME AEZS2(2 cm) 0. FAEAT B4 A|ueE] o = AskAL ok
AelA 500 mg/Le] New Coccined BAE #%(0.02 mL/min) 2= A thSol| oF 20Y &<t FUst
o, et A= 2098 U SRS TSt A tiaeSol s FekE vkl 7HY s
SHE g2 At 9 R SFTE FUd AFeS5S 3 ik New Coccine
s BUETSHIT & AFolA A gt siAshe AR AR S 73 BAIZA (no-flux
boundary)Z, sH 25532 4 BELARA(flux boundary)= AHESHITH HdlE A, kit oA
7} 20 B9t X452 F AR AESLSY] New Coccine 5% EZ= FAAH0 cm)ollA 2 cm Zol2 2<%
£ 500 mg/LllA 40 mg/L& AP et 5k el B Yo, 5h5 A FE439] New Coccine 5=
HE= F[olE 39 FF2E 500 mg/LoAl 0 mg/LE F¥otes AP 4 A4 i Hlr}. Hehit o]
et DAL 5U T AEE B A 5 AFFSY] New Coccine 5% 2= FAHA 0.6 cm
101744 0 mg/LolA 185 mg/LO.& Z7}eke B e Bt a4 0.6 cmolA] 2 cm®] B & BX
B ARSE AP 66 mg/LE, S AFSSY AP 0 mg/L2 $HEA Faohs BT L B
AR d459] New Coccine 5+ F2HE 59 500 mg/LZ FAE 00, Gakito] A& E = &
Al Faoiict dehite] o AR 4, o AR5l AFE New Coccineo] Hi52% o]&5}
A A&2 07 New Coccineo] H& H3lom, dghito] 102 & A& H3le 1 A ti32] New
Coccine &%=+= & 2.4 mg/L= HYEFHT. 4kt Hehito] A2tE= A7] 9t 5 UsH &k WMo 24 s
= AR St 2y ok s oht A3 EAE New Coccine?] =71 A& 4 A4
+= AlHo] t2A yepdtt. FskE B34 New Coccine 884t & 5URE AEE7] Al&st9L
™, JZAt Al & 8U A9 New Coccine 5271 2} 0.7 mg/LE < o|F A&2 0 & FAshyith
2 2dgS 9 2HH vk tigSel AReSE St b - sl 29 7/ et o
59 F7HR] L A4S AT 4= AT

> xR0 WY ol
N —Y‘—' ~
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DNAPL @EE X[ &7| ELIE{E HI0|H & &85t 2¥Hs}
ot W7t 9 27| HE 33
Estimating the initial contaminant source information using long-term monitoring
datain DNAPL contaminated site, Wonju, Korea

Olda'* MMM 0|Fsh, 5152 O|M4E! HRlEH ojdZ!
Seong-Sun Lee'*, Sung-Chun Jun? Jong-Hwa Lee? Seung-Wook Ha', Sang-Hoon Lee', Won-Tak Joun', Kang-Kun Lee'

IM2cletu X|F2EHEnfsHE, soon3311@snu.ac.kr
xR 2121

1+ A= DNAPL LFR Aol 2753t ot dejAA] 2 27| LH= AERE IS4 &2
YEY to]elE &-8oto] f5ok= Aot o9}t st U AATEA| A trichloroethylene(TCE)2}
22 Fstofdle] @ o] tigt A7} 20099 H-E 2020W7HA] & 223]9] Aol MEH-S B3 Hojzl glo]
EHE 7|5to g2 St @ FRA|ol= EGS7IFEH, EYAIAH, biostimulation 1211 Y23
I} Zo] TRt A3prl&e=0] TCE 9 L A9E AlAstY FotA|F 025 TCE 2 ¥29] oh HFo =9
A5S WA AL A-GE| QI Aol Mol Al37H HUEF Aol oot 2 ¥=o] shRAHol Y%

SPIZ7HA R E L Qe A os ZAET. Jou S HeEY] SRAM R 24 Fof= TCE 222

S Tt F LAY AT T FHOR wofl HA AT AT ZAERIE A L 27] 09E
ARgoll tigt A7t Q7] miizo] o]& FEdfEs AFE AT 27] L9EE e LAY A H
7] YEH HlolE % sjAsiE Z-8sto] trael 27] S w=2 AFA TCE F& 7530 & 5 AN
. F L HA A0 1980t FHF 27] B s T 150 mg/L 4 AR 1000 kg2 &= 3. ©f
23t g2 AS A3E 3 E 0%l 045 me/L % 33.07 ke7HA| A2tk HSHA B HiH] FS45t
of o1gt FFE LFL A%oA F 70%9] T A4 AATF UERE Ao ' FAE .

Acknowledgment: This research has supported by the National Research Foundation of Korea
(NRF) grant funded by the Korea government(MSIT)(NRF-2018R1C1B6007390) and Korea Ministry
of Environment as "The SEM projects; RE2020002470001".
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Incorporation of cesium in zeolite-structure using
thermal treatment

Minji Park*, Su Kyoung Kim, Seo Ha Kim, Hoon young Jeong

Department of Geological Science, Pusan National University, untilmion@naver.com

A Na*-exchanged form of 13X (NaX), an Al-rich synthetic zeolite, was employed to isolate Cs*
ions in its structure in order to exclude radioactive '3’Cs* ions, which are discharged from low-
to-intermediate level liquid radioactive wastes (LILLW), from ecosystem. The sorption properties
of NaX toward Cs* were investigated. Since the sequestration of Cs* ions by NaX is typically
controlled by ion exchange, all batch experiments were carried out at a fixed ionic strength
(0.05 or 0.2 M) at the loading of 100 g/L. While pH sorption edge curves were obtained over a
wide range of pH (4.0-10.5) at 0.002 or 0.2 mM of initial Cs* concentrations, isotherm curves
were sought at pH 5, 7, and 9 by varying the initial Cs* concentration (0.001-5 mM). Before
storing spent zeolites at disposal sites, their phase conversion into non-exchangeable forms (e.g.,
pollucite and cesium aluminum silicate) by thermal treatment is of environmental importance
to prevent once sequestered Cs* from being re-exchanged by other cations in groundwater.
For this, a partially Cs*-exchanged 13X (CsX) was subjected to thermal gravimetric-differential
scanning calorimeter (TG-DSC) analysis from 400 to 1,200C at a heating rate of 10C/min under
the atmosphere to determine thermal treatment temperatures. Subsequently, CsX was thermally
treated at 600, 800, 900, 1,000, and 1,100T for 2 hours and the physicochemical properties of the
resultant products such as surface area, particle morphology, mineralogy, and local coordination
environment around Cs* were examined using a surface area analyzer, scanning electron
microscope (SEM), X-ray diffraction (XRD), and Cs-LIII edge X-ray absorption spectroscopy (XAS),
respectively. Furthermore, to assess the stability of Cs* in thermally treated products, desorption
experiments were conducted at either 5 or 55C for 180 days using 0.2 M MOPS buffer solutions
(pH 7.0) containing 0.2 M NaCl and 0.1 M CaCl,.

286 CHEHXIEE!SE| ®75%H Y7153] X 2020 FAX st AC3]



: SHAX| 28t U X|5H43¢
10.27.%-29.% ENES|

EAH 15-18

CHRIZ eS| M75RE H7153] % 2020 FAXHRSIERtatE] 287



10.27.%-29.%

EAE 15-19

288  CHEHXIEE!S| ®75% F7153] X 2020 FAX| Dttt ar3]



10.27.%-29.% BRI Et & X[o4st

FEAE{15-20

OI IIAQI. E|-J\O| EOI _LJI\_ Eé;l

A= Rel v7l=

Isotope Characteristics of Nitrogen and Carbon of Organic Matter Inflow
of Yeongju Dam

xfol* AHS2 2IHE!
Jae Min Kim'* Young Hun Kim?, Jeong Jin Kim'
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lonic strength effects on uranium transport behavior in a multi layered
aquitard-aquifer system

Zllx Qa2
Subeen Kim'*, Minjune Yang?

12 ACHS} 1 K| B A|A B BfSHE X 2SHATISHEE, subin_kim@pukyong.ac.kr
22 Arlfstm x| etz apstat

2 AFoA e A9 Aokl s 129 g4t sfAs)E o]&sto] A|ot=9] o] A= (lonic
strength)ol] T 2 As REFS FH5H 28 AU 2= 2719 ARSS(ELEEHOIE, 15
m X 5m X 10 cm) Afe]of] ti5E(15 m X 5 m X 5 m)°] Y= A|AES tjAfo 2 500 mg/L] -2
o] 207t F&H ¥ 3ol F3tE Aoty 7Hstltt. s sfoll 285 FREZAMAG= Samer (2011)
off AAIE o] ZF=(0.001, 0.01, 0.25 M, pH 9) $2hs ST Z23E o]-&sto] 4H&5glon, o] 27}
T 0.5 M (@l IF Aot 27 Y wf FEAA G E o273kl et fFEAAST A AR F715
okl 7 ste] AbEotict. $ehee] R adiHAeE ol 27wt 7 w2 0.001 MY o 3.85 x 107° m?/
yr, Ol AT 7P & 05 MY Wl 1 x 1074 m?/yr& AF&E itk ey Ax} 9ehgo] 204 B2t di4
2o QYA f ATLE Zo] 2 cmOlA 0] 2% 0.5 MY S A Hk+= 0.7, o127 %= 0.001 M
o FEe 0.12 22 ZoloA o 74i9] 5EAE Bt =59 A3t 508 433 AF+S
9] B TH7F HAEH RSSO AGEAE SihaS feFo R gttt gt X3, tiegolA
g9 e o] 27 %= 0.001 MOJA] oF 28 pg/LE 2 285 71230 pg/LETH ZA yehdth 1t
9, o] 27%E 0.5 MY o dghito 2 Qg =32 Sehae vt 142 pg/LE 85 7IEET} 2k 4.74)
E%om, S8 7ol Hrt OF 19 A€t A&LE AT 2 948 Bl A4S W 2kl A
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Seasonal variation of nitrate and microbial contaminants in CO2-rich springs in
the central Chungcheong area

Zedglh2x nEA xH7|EH, DAMT TS
Won-Bin Kim'"2* Dong-Chan Koh', Gitak Chae', Kyung-Seok Ko', Sung-Wook Jeen?

TSIRX|ZIXFR2I0I 212l onebean@kigam.re.kr
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Groundwater yield evaluatlon using machine Iearning technology

o1&, Bz
Jae Kyoung lee* Jae hyun Park

K-water, likmail@kwater.or.kr
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Distribution pattern of the conglomerate-sandstone sequences

in the northeastern Pohang Basin (Middle Miocene),
SE Korea and its tectonic implications

BiElQ2* 0|3
Jino Park'2*, Jeong-Hyun Lee3
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Imaging Yangsan fault segments covered by unconsolidated sediments using
ground-penetrating radar
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Geophysical imaging of active faults in unconsolidated sediments using
capacitively-coupled resistivity data
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Small-scale mantle edge-driven convection and partial melts:
implications for the origin of Jeju Island
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Seabottom Change monitoring based on bathymetry of the nearshore
of Dongdo and Seodo
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Melt inclusions in trachytic rocks from the Dokdo and Ulleung Islands, South
Korea: Evidences for hydrous and oxidized magmatism
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A study on the tracking of the covered Yangsan Fault in the Samreung CuIturaI
Heritage in Gyeongju
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Characteristics of active faults in SE I(orea based on AMS
(anistropy of magnetic susceptibility) method
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Complexity of surface deformation associated strike-slip earthquakes:
proposal for analysis and interpretation of paleoseismic data
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Operation of high-density temporary seismic network system to investigate
seismic source of 9-12 earthquake (M, 5.8) in Gyeongju area
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Pb isotope of olivine- and plagioclase-hosted melt inclusion in basalt from
Deception Island
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24 Yo HEX G50 Ph TYUAE BASIL} Ph 5-YU4l 204ph, 200ph, 207ph, 208phE =4

12t Pb 59194 Zho] ¥4 Q= NIST6149} TIMSE H43 KRR2-RCO8S HFEZE o] _3lo] &
A5ty

A Yo YIE LG &0 200p},/204p}, 207phy/204ph, 208ph /204phi= 7} 20.27, 16.86, 41.58% e

o} 7]129] g 9H4 ghETh njQ =2 ZFo g o] 204ph B 0] 204Hg jsobaric overlap correlation
BA B A7 209ph o, T3 A|R9] Eolgt EF oz AZekal Qi olof tigt rkHQl 4 | g
olo] @5}t 207ph/200Pha} 208ph/206phi= 717} 0.82-0.849F 2.03-2.22% MYHEA Ay} 9 HaiAg
T @9 Almet Hsgt G0 mAIH A W] HERQE.2 207ph/206phit 208Ph/206phis 72t
0.81-0.85%+ 1.83-2.092 74 o] HERR-E U ATt EM29] 717k G ol E4te]of Uepdtt. &
EA717F =2 AP WOl HE XR-E9] arc-like = continent AdE0] F3IE S 7540l At
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Estimation of geomagnetic age for near-ridge seamounts around the KR1 in the
Australian-Antarctic Ridge

EstA* As4? ghapl!
Hakkyum Choi'* Seung-Sep Kim? Sung-Hyun Park’

12X|01 A IX|X|ZA|AEIAZE  hkchoi@koprire.kr
2&Lrhstm x| &34 ufstat

SF-ET FYADS 60~70 mm/yrd] FHEEE T SR SYNF 22, o7 9 ES T,

Hggo] thte UHe] ASHee Ry sHUEY SYF A olze ke A O A

SAI ggor A 7MY @&l AAISHL e SYOE KRIS SAATA F29 st HARSo] A
B3

1A

A22 +99 Lo, ZPNF) Y S FHolA SR S PekA Rret gl
ZA] =

=ut

37h9] siAlshibeo] A siA A FrAtet s AHEARE S AT dEbA o SYTHY
FH| A SESE vtante] F50] 7Rsdt SHEE ol SYsF I S sjASHE] 4]
Aok v 72 Azl 2 At 4 9] Alstera] da £40] 7HE A Aoln AFARl W
4 = AR, #|opebz] o] o5 S4E ddie 7P 22 shikEEel o A A9 AHE UE
Hoks AR 7RI S380F FHol AFA o ERxshe oo siAsttol tigt A2 242 A
Shit A3k oFfoll A A= A A 7ke] AR oS wlashs WS S5l siAskE A
O APAZIE FHE = . o= AR 1A 242 A gite] A 0w AT ASRE o|FH,
Aoz AU it A APAQ AF EEE 7RItk 7P 7123 E3F siASHTol A HERL
€ AA7] oo AE2 AA AsHA] QAL AA] =449 Alzkel| whE Mot 1of| whE 21| et 1
25l7] wzol ojL Fro] ESAHGL 3l 4 Atk SHARE o2t 219 FIHS FUHNTFY T FA
Sog5E A7 EA o2 A golhs oA sjAstto] 7H 4= Qe AR 5/4d9] 7RsAdol =6] ARt
o]7] Wizl shAspte] A Fdol vl FEfotH, Tk A7) ool 54 B wie ot HEstA =
g A AYEA SAZ A SHZ AR HARIsHY] fzo] B A d 5 gl A
A1 A0 w2, KR1 3] 23k 3719 siA skt B 22 3Wehd o] g4d=3led, 2E
60THA L] A7t 24 g/ ACR FAH B SjAES 5k BE AE sfAsHAIES 0.16-
1.14 Ma®} 1.58-2.69 Ma Al71°l B4€ 202 Helt}. = KR1 AlAE 9] sfAatE oF 1¥whd 7t
A& opant o] EEFE A7l AdE A os Holo, 1.14-1.58 Ma, oF 40Hd &<toll= whimp 3
JEFol 2t At B0l 27 JHCl AU A= T ELF A sttt 1 ol 52l siA
o] AYA7] ZHele HE 20-65THd 9] AIZHA]L Alel7t s Aoz Holw, ojof wt Z2to] A Spit
AEL ZYNH TAEF2ZHE oF 10-20 km Bo A Aol A BAH Aoz 25
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O|X| fEetEe| HE /5 X AEL| U He
Lateral helium displacement associated with mantle dynamics
in the Fiji Triple Junction

QX|[&|"2*, Z4FS", Finlay M. Stuart®, 2H2XH2 0|12
Jihye Oh™2* Jonguk Kim', Finlay M. Stuart3, Munjae Park? Insung Lee?

Ist=aligratst =2l A ZEXFAATHIE], glauxo@kiost.ac.kr
2AM2chstu X|F2tZupste

3Scottish Universities Environmental Research Centre

rol

B2 4] SR A3 12] AFTHEi Triple Junction) FHRZRE 500-1,500 m /1%
719 A S G Shepl BT GARE /e 242 Holu g, $3} 249 85 WEo| EAfet
L 08 F3H o] AT AFTH BYES vt A 0E AT f2Q Sete] A3kt =
B2 B9 85 WEY §5 T2 FYHIA Wch WEC) RIHES HAI5HE S-Nd-Pb 5U4} (La/
Sm)y@) SIEA BBH Sale) Wste AXB AFUEY FANH BE HYHE Holug, o] Ao
47 shno] WELGo] WEHo YL ofulait, e, WE HAYLHE T2 WERS AR} 4
S AT 719 ol & ol 4X|(He/*He = 9-13 R/R )& RolAT ARG A5 S04
HEOE XA Ml SRt o3t BB £ WMol Zehasch ool &AL, Steto] FA0]
A FelEiglon], BE 259 71201 (ikinge] Jo) BE SEo| 9T RS we HBHOR o5
A ISR T 8-89) ATl WotS oA\ T itk o] 7HE A o] 485, 8% WEo] Qlok-
U AARO] Eeshe oA AR G0 do) AFo] FHI §8AVE A0 FHElo] 4FTH
PE0] 12 WF oS WAL, ol FU HHE et BEo = o3t 13t WE o) AFo|
2718 49 B8} e AEold FAElo] AEHY §719 Sr-Nd-Pb B8 AlAge) FA%
WISIE 9T A0 AN
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S ol ok 5| SHEX|Zt0l|A| At=st= 0120} 7| | gtsl=2
AbAST} A7 |3}
Distributions and Formation of Magmatic Sulfides in the Lower Crustal Rocks
from Middle Central Indian Ridge

Z|ME > gy atata?
Seongjun Choi'*, Jung-Woo Park', Changkun Park?

M 2Cetn X|A8tE2feHE, shfam@snu.ac kr
23x/ei7A FXIK| AL Eoi e

FYNFATAHMORBS] 2 Es} of i wlInlrt AE HEO] ALk B 5] Belsiob x
of that A Bt ohet SjebAZe] B WEA 4 2HS 95K UE S0 HRE AT
3122 MORB WE ] 215} 714 % Jofub 51 2oto] 7|23} AL obd] Wash ek & el
o} L=} SFMCIR)Y] S 3 ZEAOCCINA A& wreiohd PSS Bslo] k3 A 2ol A

o
o
)

=

j&;‘dﬂmzom.—ﬂri

Aot FIE ZOFY| AT 714 ol A gtk Be AT HESETCIE, A4 v,
o, EleHE A RHQL, e A gkt ato] E)ofA U}:LU} 719 F3lkeo] TEE|gloH, o] %ﬂ%%
F5o] TAA Yo] Z{-E0 2 YEUAY 1149 BE AA A =44 0= ArEgitt vkt 719
52 98 FE Aol g3l &8 22E Holn, o]:= o] %"ﬂﬁol T2 oA WEZRY E2H %—1‘3}
3} ks HERRE 7|9PSS AR ek BRE njRo] & o, gobE xoto] S8 A TA
A AR FHAR ol E FHEH. F3EE ZR5Hs DA AT =, S71%E (Zr/Y)N B = o
1EE= B4 940 FEANgo] WEEHY oY F3kE £} 7|4 F WE-YA] HEEO = o] 2|7k TALY]
A9 ale} 23 FotE o] 27t 7P A A EY, BEYEAMEY] F Al 5] wiAe 4= gich 5
H ZoE 2HE 24T AR #H0] =59 o9 ofn|R] £4 A= WE-HA] whgof o5 k=
E YA gFgo] S7otia2 GAloh, 1L 23 EEETo|EQL Tt R oA T s B3k Zf
£2 YA MORB (primitive MORB)OIA & == F3HEat GARE 24S HRIth, vhd, Bl Al 49} 3}
= u)FaA A 02 HE AXtE R0 B WE (parental melt) 24 & ¥4 MORBY PGE $HF
of Hsto] ek 10~1004] -2 WS UA(PGE) T HRlth. o]= F31=29] 4 A F3= WET B2
¥ A WEQF HHS o FA] Zokal, AgHE g At WELL BEZ o|F7| YIEoE AtrH
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Aol EXA| Hab gl MEH Qlrf] 47|32 x|
Zo10| H{AM QMM 0510411 - K-Metasomatism,

Migmatite, Metamorphism

Study on the metamorphic rocks in Euiam group, Yeoncheon System,
Gyeonggi massif : K-Metasomatism, Migmatite, Metamorphism

RS* o
UEE, UYL, FMY

Jun Hong Min*, Young In Kim, Jae Young Yu

st X|&-X|2E2(3H2 X &St S, wnsghd1107@naver.com

metasomatized by K-feldspar)®] &#o] &Rl€t}. 54 Hufeto| A= v]1rteto] E(Migmatite) £24]°]
CHR FE= s, oM 2 229 Mkt Aot

AFA G A= B0l 23t HAZ A A[ol= H]2H7Io] E(Myrmekite) 22, HALO]E(Perthite) 23,
SUAMSRE, AL o 0= thokolA| FRIx, AEA ] HulehoA HA IEH o= A+AY
of FH eIek FAS] WA} FEHAZG0] S A A

AFAGY AAE A T4 Hofh A oA #EE v|dntetolE 222 tjEE thololH Aol E
(Diatexite)Z SRIFH, HEEE= L2 W(Vein)F-X, S Layer)FX, A Net) 7%, <& #:(Schlieren)
T+, 32 ¥xA(Homophanous) 22 ERIEHT} o]+ I Y2 Heo| 24 A Z-&E4o] &85 o] uf1
ke P/30k= orEl A A(Anatexis) BAY A S 27| GAE AAGHY, AR o] FE-&53 HE%
go] of 3] ¥ 22 12 2SS YA

ATA oA SIS WA AABRO) A&7 23] ue A7A 0] BT 2YA-HFAK-
Aol S g st 24N ol Aol shg 202 SHIH gt o]t dA|%e] 1A % 3,0~90

kbar®] 912l I%} 670~870C 9] £ Wglo] X3bels A~ L0 FoBAAEE WSS ofrlah
o} $7hm A7Aee] He Mgl Selule SUAds Mens drxc] FHMAE
o, olo] wre} g7x|ole] He Welo] Wo] WA Ao= 2Eutt ol A A&d ATH|d wrf
W28 9 v anhetolE 23 A ARHR SA7HE & 9l

HzrBElol] AHAL WAES] HIVAFOEA ATEA FE] A FaT A0 YA, B3k
A S 272 53 A0 WA MPAE0 2 QI8 49 AAS TElo] AFTHOR B of
2o] 9lo A71H 02 AT AT7} S Eofof Feh A7l
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ERM thSo| 1 d&=0| thEe| 0|58 710 0|X|= Hek
2l AI} w2 Mo| EHO|ASIELA BES 70| 911
Effects of minerals on the slip behavior of the carbonate fault: A comparison
study between decarbonations of calcite and dolomite

O|RLEM 2ol ZalAT2 2L
Yuna Lee'*, Sooyeon Kim', Minsik Kim'2, Hyunna Kim'
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=100 =L A = (=) = =LA
7| 28 Aels Sst +3H X2| A|[AHS 0|88t X[5f Li
_—0 —
EHMA M7 =54 Eot
Evaluation of removal efficiency of nitrate in groundwater using passive treatment
systems through a long-term column experiment

Lt D=
Hye-Na Ko* Sung-Wook Jeen

FMECyshm X AEH kL 201720015@jbnu.ac kr

At T4 WelE 2 AT SAUIAY, 1R, 715 W21 53 22 oguo Ry A
X A2 59 BAo] RYslo] Q.Fo] WA 4 Uk AN Favt A5 et ABSE SYHHE

310t 2L XS BAS FUT S U] tho] s B W] Hell i Fasi B A7
oA 0B SIS ol85te] ALY WS AN et B PRk o 5W7e 7% 2

g &8 A9 A9 AALKES} B8-S Frbolt T whS ¥ (permeable reactive barrier; PRB)Z}
22 554 A A A BAS] YafjA Zo] 40 cmo) ot2E ZES ARt HHEA R LTy} 2}
74 AH8otgltt. 2ol A HEE o] &5l FAA H(NO5-N 10 mgL )& FAsich E3F 25 cm &

[
w
(@)
=]

N

N,
)

(@]

o8 79| golo] B2 BZYL B3] Basol AAsE B HekE BATA, Hz
o, 283 ol 1012207 4X19) BT L B3} BAEY AASES SIS,

7Fs & °F 600¥7F 82t
4] T 28 713k 1759901940 242 1 pore volume (PV)= 750 mLO[™, upA[e} £4714] 364.2

el} :
PVs9] 4 5.1 ghg HoFlet. 29 W R4 XA 2263 mLday 'o|H H 11 411.0 mLday 'o|qltt. &
A AASEE 49 -8 5 41972 0.14 mmoll 'day 'o]¥oH, 69UAI+= 24l %017 0.06 mmoll”
lday 19] £ & HolF]tt o]% 1720¥€7H4] 0.02~0.03 mmoll 'day 9] £&=5 A5ttt 24 278
G7h Hol& &£ YnbA 0 & do] o] 85 o] AAMA AlA 421 0.074 mmoll~'day™ '}t B 15t
oF 2vl] B}2 &rolrt, A4 HA Y] A= 1509 =83 ™ 0.0005 mmoll 'day™ 19 g Bl
L} < O] AASEE 0.03~0.04 mmoll 'day ' & B #HE £E5 YeRd
o & SEAS 49 28 oF 209 7 E AAEAR 22 oA SHAE PRBE EE5S o Eot o wt
L o

2 452 PAL AAUTH AYS T 5 Yok A SEE Y Hz 28 249 50 20 o) F4
A =AY L SE7 61 o4 SAEE 2 SISt 1720949 BHoIA Y huvjoby A §

ET AEEEE 00008 mgl ' 2 Y & 7|3 v et eH @2 SAjo|tt, o] 2§t AFLE Kot A|A &
L= AY x4to] vlg] FA 5] o] FHA|TE FAtdo] 4~50] A oz FAFH o2 A AT Q2 &
At & Aol M) 2 W 5452 44 myear™! ~ 80 myear™' 2, YRHAQ A Aoty £ 20S
b3t A B 71 AT B AAKETE RA 2 5 U2 150 & ¢ ok & A B 5 E

A2 O] o2 EAT Bt E 1 RESEAEAY SER9 a8 HolsH, @ H8 7Mek

AEE AN T 5 U A0R B2
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IGC 2024-004

An experimental study on constant water flow for isotopic
evolution of meltwater from ice

Dayun Min*, Yalalt Nyamgerel, Hyejung Jung, Jeonghoon Lee

Department of Science Education, Ewha Womans University, ekdbs5545@naver.com

Isotopic evolution of snowmelt from a seasonal snowpack is an important component for both
hydrological and climate studies. Numerous studies have investigated the isotopic variation of
isotopically homogeneous snowpack or ice, however there are less studies focused on the isotopic
heterogeneity of the snowpack or ice. In this study, cold room experiments conducted in four
different melt rates with isotopically varied two-layered ice (distilled water and deep sea water)
in order to see how the tendency of isotope exchange between ice and water depends on the
melting rate and isotopic heterogeneity of the ice. The main objectives of this wotk is to keep the
water flow constant during the whole experiments. Top and bottom layers of the column changed
with each melt rate thus, total eight experiments were performed. The column filled by ice with
equal thickness (~2 kg) and begins to melt from the top by heat source (50 or 75W infrared lamp).
A melting rate was secured as constant for the each experiment by maintaining the same distance
between lamp and ice surface. The ice heights of the experiments were ranged between 37.5 and
40 cm with a bulk density of 0.55 to 0.56 g cm™>. The melt water discharged from the bottom of
the column and the mass balance were Y96%. The mean (weighted) specific discharges of four
melting conditions were 0.32 (0.37), 0.37 (0.42), 0.83 (0.84), and 1.09 (1.17) cm h™! respectively.
This experimental result will be used to estimate the rate constant of ice-water isotopic exchange
and quantitative description of isotopic exchange between ice and water by fitting with 1-D
model developed by Feng et al. (2002, Water Resources Research) and Lee et al. (2010, Chemical
Geology).
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LDA RS 0|85t sh=X| Xp2tEX|Ee| (i1 Sk 24
Analysis of research trends in the Journal of Economic and Environmental
Geology using LDA model

=g ZEE? YulE!
Junyong Heo'* Taeyong Kim?, Minjune Yang'

| HACHSH X|228tZDfskat junyong heo@pukyong.ac.kr
25} K| PEIBAIA EptE x| T H oS 2

IARH S AFsker]d AT FF BA] AT thddt ATt ol FofR o AFEA ERA
A 71&Z AAske A2 ARG e B o= A8 ofste Aol A, 2 A7 SheA] AdE
A0l AAE =22 LDA (Latent Dirichlet Allocation) 2E 2 FA o 24 A WstaA] 744 7]
& 2749 Mz WHZ AR sl 24 k2 1964958 2018E7HA] PRI A1 A sofl AA
H 2571709 ==2°lH LDA 223 +3S A3 FE2= AME =& AlF, =0l 25, FA € T3
T 71Eor fAs. o ARE HY R BEY RdFS o]8sto] 9719 AFFAIE AHstloH
Az AFFA7E A =20l ARk BlEE S8 ARt mE A75A419] 532 A5 9+
A3, ohEA] FR olF AAMA A= H S HAY oMt 14.4%2 7HE w2 vSE AL ths
O & ‘FEATY, HlFEPAY ot 22t 13.7%, 12.6%E =& EES Bt RHARIA, ol A TR e
A2 SheAge] HAH 199392 7IE 28 o9 A2 WIS Y, Stel, S5 #oF
O] =% Hl&o] A7 18.6%, 14.9%, 14.6%2 Ul FEALT} 7|2 A FoF A7-50] 23] o] Fo At
19934 ol &= SR AESY, A= 9 S2FA, BEY LA 2o =] 77} 20.2%, 15.6%,
153%2 58412 ZoF A7) Aol ottt 53] ‘| dst £ofo] 49 19934 ofddl A ==
2 34H(3.8%)°1 AAITE 19931 ©]F 275%(20.2%) 2.2 7Hg AA F7Fotgltt. & A+ AHE B A
AL A= ERAAE AP A7 532 vz A #d, 9] Gate d7def o
AR BEE 5 US Aol
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(=] = > (=] .
=4t ole 2| gk thE9o| CHXI= 0|4 (AMS):
chEo| 2527t DS s
Anisotropy of magnetic susceptibility (AMS) of active fault in the Inbo-ri trench,
Ulsan: interpretation to paleo-stress field and shear sense of the fault

O|&E* F&H|, O|X|, XY
Seungbo Lee* Seoungbi Choo, Jisu Lee, Hyeongseong Cho

Zachat i X|2 skt seungbolee@gnu.ac.kr

N

F T e 3R A9 FAo2 AFAX2016¢ 99), ZFAX(20174 11¥) 59 At A %1E0]
&2 0 & WAyl wht, ko' A2 WA 7ol =2 S-Sl tigt A7t B sk A =3

I QUek o] Aol A= T HeF AldS 1 lE e ERXE o TAE 9SS =
xR0 9HJ(AMS, anisotropy of magnetic susceptibility) B'HS Z-85t0] ©&5UT} FH EZ 39| 1
AR E A5k, o] R & ST 507t SiAeh FAo SRt 3559 Al47] S
o3l =2fstsich.

QE ] EFA| Y] g0l A TEE = @32 555 T I TR FAA 3o, Al4715E o]
S0E Adolal Q= DSl A& AE Hldl, 4TSS ded @58l et 9
054 T8 dragging fold)o] WEH M EH S o2 113, 104709 A &S AF 6kt o
Agol S4 A, 949 U A EFS BF giARgei FEHRFE0] & 5] Qlof, A
nA 27 A 0 = A oJE|Qlet. WAl @E7HA A= YAEY ASTFE AAShe k1 thE-E 9
5 9 ESA-EEE T AZCE HAA o, S g5 Aok k32 54 E 555
AgA Bk el A& FAMA qlo] Yk WS Helth Q1B SESY 9EH A7 EE S
T FEHFoRE FA S 1 PE W thAREel T 2R WAl vt ES 95 5%
FoleHS S5dt= AAtTE A EA59] Ae dS Y Qste] EsEol A e A[olA
k1o §-5 4 EEA-IdE T AL E HAA U1, k3 5-A 9 SE-AEA kS Il 4
AR QI WHH, S5 7E-A 9 "ol AR k12 A7) BARE Aok AkEA] o2 YA ek 7HA
I, k3= AY 29 HARE 7HA WA HolH o & Haleh= FAS HRlth ofzfet Axke SA E[A5o &
9 EHETY uAl R Bt duSo] obd $59F kol s Tl ek et AUS A AR
2hA QlE e EdR| Q] DTS 5 TPoleTTY 25 dol drH o g fAISH Ao R siAH
E3H 7129 e Fei Al47] 4559 25582 St Tl S (E-A WA SE5-AEA
AEG)otolA BEEE FFE 7= lEE GAES0| S5-FTTelE 258 AR SjAE] 7|Eg A
TANET} A Fogih

il

314 CHEHRIEs] xi7sal H7155 L 2020 ZAR|EDEIEEAE



10.27.%-29.% IGC 2024 X|Z1ELES T2 720 - REM|CH K| Zl2fstR} SHELH3]

312 X|ZQA 7HRIZ7} D/B 2

Analysis of assessment of geological heritages D/B in Korea

Falg" drI8, dSF, OlX|, =Y

Huigyeong Ryu* Jiwoong Kim, Dongju Kim, Jisu Lee, Hyeongseong Cho

BACHEt i X|& Dpsta}, heemas1325@gnu.ac.kr
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2| AWt F84d2 7H A f4Hgeological heritage)?] 0] that AH2l4] Ql4lo] gHibgof w}
E} 11?aljo—%(geOpark)dqL - TRt A=A A 7L v E L glom A A-RARe] W, 71A] ), AAA
T3 e 9 28-S Aot AYSAES] ko] 83 ET it} o]Het ko] Yo g FH Ats)
«l iﬂxl A3 R TR At A4 EE E 7HAH7E AR o] =38=o], =4 11074, 3384
12671, Mk 15270, 458 15770, 39 16671, 73 9A 173709 A--gAL i 9 742|358 717}F o] F01 %]
on, & 88470 AAGAL 71X 587} D/B7E A= 0f Ytk oW Aol A= 1 8847 A H-R4t D/B ©
O[5l E F-EAeH, BASH EA(E3], bias)oll TAI 7HXH71e] A 9 EfgAS =0lakirt.
ZVHOT*P D/B9] EXol| w2 A3k B4 Yol A4S 53, S, AFAIYE, AA+xE
ERoto], AR 244 7] FERA, S/, T, A8, @A, i, AdA, AHl, 7
E}) El SES v oIt WA £ A4 BT 539 diEd A 2 71 avfehd o33t 2
ot AE5A] FEAE, AF, Eholl i 559 #4 A3k A4 9 A3 A 2471 FAlol et
A @dfAto] MubA 0 2 949t 5FE 7ML Qlek. Y] w2 57 £4 AT YR o]FoiFl A
Ato] HAH 02 438t 55 7HA L JloH, WO R o]Fof7] A hfAto] JH oz W2 553 7}
A Ao EM=. E3, 1174]—?1“"‘?:h afo] QA E|HEA]of] Eixol= A AFAto] HAH O R 943t
TEHS 7K loH, AMAqE R A A -34S S0l I8 2 S8 AERAE Hls
HH o 43 Aog EAEt T o2 A A4 BT BAH 71X 9] F4gETte] ] 4]
ANE A7NoHE ohaat 2ok AR R3] wet, A 54 7 A-AR AT bl 3
o] F47t I A% EO] W, 2149] E4E 7H - AR 2T Aulg ] At w2
o] ot AAEet. YFHEEE AU AARARS AuA9] A4t E1 S|AY] Herh w2 H o]
A=W, ™A ERE= 1A A4 AR gl dAfs] W, *VM A A4S i o] W
A BRItk upAeho 2 A FRERE 3|44 FEOA, ulo] QA E|FER] A -AbEC] 2 B, I
F53] LRSS 2 Ao AR|Hrt. oA EA A= ddY X A4 7HA 7} i o] At
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Analysis of geological structures and developlng hlstory of fractures in
Nongwoljeong area, Ham-Yang, Korea

HiAM > TES|! FSMT M2
Sang-Yeol Bae'* Cho-Hee Jeon', Ho-Seok Choi', Young-Seog Kim'-2

| S AC5tm X|-A8tZafetaf X|E ARSI, tenousbaeS@gmail. com
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Y FLH A9 AT BZof| A5k, Yanai er al. (1985)°] o] Ao & e aHA
g o] Aol AT Aoz How, AfBe|opy] WASAT AdHgAE-2 A2 Jor
. 22y o] A9 9] FdHF A BHE A7 vEe Aotk dFAg s AT s e B
= o]l AAISH, QA EEe oM e ARG TEH ARG TR gt AR
HEHO] glof i FEFo] YA A=t 7PVt 25 ACR dkEn. Ed 3 A2
2l R ko AR HPEA] G2 AT 2 WS 2 AU deshs Fde 2
T}, ol Ao A= A FAAEA oI TEe dES2 Al EEARE S5 fls 4EE2] 715t
573, A, HARAIAA, 283 ] SR 5 S5 AR TA EE A7IE s4skior, of
A2 A o A 1) ARA-sHS 39 ¢ Adddse] FRA-9EE 3 &
st BGHAH. 2) AEA-SEE T +F AddEs2 7 A0 e dd &
ol JAF LT, o5 TRE-AEA HF Y5 one] FYHUIE AA/IH. 3) A=RA-
AGAAES dodots FRA-ds A9 AEA-5E5 BT 452229 59
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Paleostress changes based on analysis of fractures in Sinseondae, Geo-je, SE Korea
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A e EEfte] oz BYHS W RS Aol AL 9o, HE AAE 55
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Development and Utilization of Li Isotope Analysis Method

Zolex uiExl X017 0|X|Y 2XA
MinWoo Kim*, Hojin Park, Minkyun Chu, Jiyeong Lee, Jongsik Ryu

BZArlst X|2etH25t 5t jjwk1114@naver.com

FEL)Y F 59D, L9k TLi, 7+9] A Zpol= oF 16%0]H Li/°Li9] H]&-2 A 4EH U WHE EF
4 SAAOE 2 % Aol 7An o] A7l A sl ANAZS AL B 42 1k 32
APAHOR BB SHULE 8T Be 7ol B T A0 9 89 Amol i 4 FHe

z2A0] ool A7t BElo] o ATl HE AL E*—i 2 9I5BT TR BN A
SRASIS. ol A5l A B2 o 245 Aol 22 8 547} oluten] ol 3

=2 (Bio-Rad AG®50W-X12 200~400 mesh cation exchange resin)s ©|-83t Column 7|H< o]-&
O}ME}. A HAZ 2589 10 ppmE ARE3] 1M HCl 2 mLA 73], 6M HCl 5 mL 13]E Columnel 53}
AR F HAE d4 AR 1 mLE SEAIA IM HCI 1 mL& 4F A2jste] 1M HCI 2mLA 73], 6M HCI
5 mL 13]E Columnol IAIA 4~7 F7H6 mL ~ 14 mL)E 831 thA] SA1A 1M HCL 1 mLE A A2
5o 1M HCl 2mL4 73], 6M HCI 5 mL 138 Column®]l BZtAIAtHFig.1). o1& B3 £ &S &
EAY Set2ot AFEA 7] (Inductively Coupled Plasma-Mass Spectrometer; [CP-MS)@} 1-23l5 1
2533547 (Inductively Coupled Plasma-Optical Emission Spectrometer: ICP-OES)E ©|-&s}o] th
£ 9453 Li 39947 ASH 0 e E=A] Esksinh A MA 22 2§l 4~7 74H6 mL ~
14 mL)olIA 10.06115 ppm o2 thFEo] HEE U Z-2 7oA HEEZ 0.365229 ppm 2 =Z A A
SEA T A HA A3 EYE S 0] F 1A AP e 501 11 AR 2E0] 4~7
TZH6 mL ~ 14 mL)°lA] 0.0190969 ppm HAEF AT 22 7oA FEF-S 134.324989 ppme] A&
= Ak, wEbA, O]‘?i AFE B9l /e gF RS o8 FF, 71& WS o &3t 2lE EEHolA

[e]
3] Uehte BE BH9e 24 Al 24 2P S5 o 2 Aes Tdid.
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A Comparison of Rainwater Quality by the Washing Effect of Spring and Summer
Rainfall on Particulate Matter

SIENE >, ats)|nl? ol
TaeJung Ha'* Hyemin Park? Minjune Yang'

19 ACHeHn X|28tZ et} taejung ha@pukyong.ac.kr
2 Zrhs} K| TEBAIA BptE x| TS H oS 2

H = B84 739-0f 9Jst v|AHA](Particulate Matter, PM10) 5= A7Za1te} 739 ¢4 ]
BAsto] nAEA 7} 39 do] vlA = S meboitt. 20204 HEGB-5Y)% A5 %
133]9] 49-8 22 50 ml AlEE AEH o2 S5t eH tf7] § PM10 ske PAHA] AIAE o]
B3to] HAzko & ZA5kqlet. SAE 38 AR pHY A7 EE(EC) e @olA SA1 5786k
Fol&(NH,*, Na*, K*, Ca?*, Mg?")a} &0l&(Cl", SO, NO;)9| ki oI ZntE 10 & o843}
of BA513ic). A A, B 7499 pHet ECE= 27] Bt 4.13F 117.63 pS/cmZ YERH L o543 4%
] pHe} EC= 271 Bt 4.49 78.04 pS/cm= S7G= . 4% A&l w2 B33 o534 47] 5 PM10
X9 B AREES 40.6%} 64.9%= HEHATE BE 27] F2 B9 9= w2 A LS} o] 235
FE DA £ 9loH 5E =2 Ar9 27] 7320l osfl tf7] F PM10 59| Afa&o] =4 et
G Ao gHE: B A 49 Y Jole, 2ol oS d T of 28] £ UERY T EoEE nE
79 W&ol 4 A3 NO;~, Cl, SO, 422 AEHUT B3 4% W Fol& £4 A3t Ca?* ) Na*
> NH, ") Mg?*) K" £02 HAEE oy o584 709 W ol Ca’* ) K*) NH, ") Na* ) Mg?* <=2
2 AZEH E 14 HIEE Bt K = A3} Hio] oA AAERE WA= NO,~, NH, = A2t
A wiE3t 197 B50] JFof o3 2 E <= Qlrh COVID-199] stz Q3] siia4 5 Al e
o] Y& wpet ATt th2A B ¥ WA W2 PM,, 525 Bt ol whet B - W K*FNH, " &
L7 H| A A AEE o B3I o5 Yol 4 H[Eo| ThE Ao &4t
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Heavy liquid separation

SEPARATION PROCESS

1. Crushing

2. Pulverizing

3. Sieving

4. Panning

0. Magnetic separation

6. Heavy liquid separation
1. Hand picking

Hand picking

Magnetic separation
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