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Clay Mineral Characteristics of 420 MV (Mud Volcano)
in Beaufort Sea, Arctic Ocean
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ABSTRACT : Clay minerals, a major component of mud volcano (MV) sediments, are expected to
provide important information for characterizing mud volcano formation mechanisms, but clay minerals
have rarely been studied. The purpose of this study is to investigate the characteristics of 420 MV and
surrounding marine sediments. Clay minerals and grain size were analyzed for 8 box cores from 420
MV and Mackenzie Trough. The relative proportions of the four major clay minerals in the Mackenzie
Trough are almost constant in the order of illite, chlorite, kaolinite, and smectite, regardless of the
distance from the Mackenzie River. However, the grain size tends to become fining as they move
away from the Mackenzie River. Comparing the clay mineral characteristics of river (Colville River,
Kuparuk River, Sagavanirktok River, Canning River, Mackenzie River) sediments entering the Beaufort
Sea in order to determine the origin of the Mackenzie Trough and 420 MV sediments, the sediments
of the Mackenzie Trough are characterized mainly by the Mackenzie River with a low ratio of smectite/illite
and a high ratio of kaolinite/chlorite. In 420 MV sediments, the contents of clay minerals decrease in
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the order of illite, kaolinite, chlorite, and smectite, and the grain size with depth is almost constant. The
content of smectite and coarse sediments is about two times higher than the reference core. No river
with higher kaolinite content than chlorite exists in the Beaufort Sea, and the ratio of smectite/illite to
kaolinite/chlorite is different from the reference core such as the ratio of the Mackenzie River. Compared
to the reference core, the high contents of coarse sediments and the constant grain size with depth might
be attributed to the ejection by MV. The reference core is interpreted as originating from Mackenzie
River, and sediment of 420 MV is interpreted as originating from eruption of MV.

Key words : Mud volcano, Mackenzie Trough, Beaufort Sea, Mackenzie River, clay mineral
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AT BFo)A YTEESO] HomA vgko]
Zrjo] AF2ds}e] FFgFE VA= ZAoE B
THRuppel et al., 2011). 7}~ Slo]|EFo|EE 11
A5 YTFEET WY A 2 18} AefolA ¢t

Ao, ] D s v} HAE )
Were] Qbggele BelsA sl vigke WE
AT AR ATEVEE AT

(Kvenvolden, 1988; Milkov, 2004; Boswell and
Collett, 2011; Ruppel and Kessler, 2017). ]2t
olffZ Holo sjAeE 3 v W= e B
S AFAEY] WAE B gloH, SudAE =
AAT2Y] YA olMEE(R/V ARAON)E ©]
&3l 20101 7E] wid BSef &AE FHEH S
THPaull et al., 2015; Kobayashi et al., 2016; Jin
et al., 2018).

20133 3% ARA04B HAL F¢H HIES|
(Beaufort Sea)d U4 4% ®AKmultibeam ba-
thymetric mapping survey)E &3l T4 ¢F 740 m
oA 37W, eF 282 mollA 170, <F 420 melA 17]9]
A Z3HKmud volcano, MV)©] &A= oW, 7zt
AEIFEE T4l wek Mve BA o] Rof=3d
THPaull et al., 2015). 420 MVA:= ROV (remo-
ted operated vehicle) BARS T3l SIAZHE2] o
g ES AR RIS THPaull et al, 2015). T
3k 20179 F3E ARA0SC BAbolA 420 MVl
gk ARAE AABI oM, MV e A|&AQ1 vgk
WET Rl e ERISHATin e al, 2018).

MVE the] EAE% 7h2 9 fA7 9o
2 =¥ gA49 HAAE D3tk Milkov et al,
2000; Kopf, 2002; Bonini, 2012; Paull et al,
2015; Mazzini and Etiope, 2017). MV= A9
HEZS WY o] =obd #st Zeirt |9 g%
= wt g3 Eo] £#37H ol 53 & BEste] ¥

AEH(Mazzini et al., 2009; Bonini, 2008; Mazzini
and Etiope, 2017), ©|23t &5 MV EZHE9
A& o]5E& oF7|$thPaull et al., 2007; Blasco
et al., 2013; Paull et al., 2015). MV+E 2} B 24
o] =719} Tz, 18a MVl g8 EEEHE &
As B g s versiel, B3 /17 =@ 5
RISl S oz FA Aok ¢ 4 o
(Zoporowski and Miller, 2009; Bonini, 2012; Paull
et al., 2015). MV &y A7 A= =] edot
shiba} o] 7158l th(Bredehoeft and Hanshaw,
1968; Jakubov ef al., 1971; Plumley, 1980; Gretener,
1985; Milkov et al, 2000; Mazzini et al., 2009).

v SA¢} A BFoA HEY oiETHE,
A E AR A, A, deE SolA
A AAA S Z BFU A EEITHEtiope, 2015).
MV = XA 900 7N, 3l ellA 500~800
o N2 FAEI UtiMilkov et al., 2000; Dimitrov,
2002; Etiope and Milkov, 2004). %2 MV=
ofzelAtE Addshi, #4, ohAlel, mF, 2ol
Yol 5 Hol% 269 Aol Has|gor] 3,
Sohjolsh obAl2elolgalAE 7} 20001 7He] MV
7} 1= A Guliyev and Feizullayev, 1997). 3
Aol MVE J3l, 7HH 2R 7k203), A Fa, 9
Al FE 1=, 7B, =29 0l8), A, H
B, =3, 5538 ol BEITHMilkov er al,
2000; Dimitrov, 2002; Kholodov, 2002; Hensen
et al., 2004; Mazzini et al., 2004; Mhammedi et
al., 2008; Mazzini and Etiope, 2017). E33]|9A]
T 420 MV7F £33 BREES|¢} oF2 B2H] MV
(Haakon Mosby Mud Volcano)7} &A% ulall 23|
(Barents Sea) & 7 sS4 HIHATKVogt et
al., 1997; Ginsburg et al., 1999; Paull et al., 2015).
AGATE AL wet A MVe T A%
7 Aoz AAFYMilkov et al, 2000;
Soloviev and Mazurenko, 2000).
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Fig. 1. A) Map showing the locations of sediment core and rivers. Modified from Stabeno et al. (1995). B)
420 mud volcano in Beaufort Sea. The thick arrow represents Beaufort Gyre, the narrow arrow represents
Alaska coastal current, and the dashed arrows represent Mackenzie River plume.

el febalob F29 sAH| P o}sl(East
Siberian Sea), HH E3ll(Laptev Sea), 7}e}3ll(Kara
Sea), HFEI=3)|, A X|8)|(Chukchi Sea), Ut S5
o] 4 533, BHES o= FAHHTh 420
MV7} &3 BHEdl= e 2~7te) Authe] B3
RS xFh= 9o E HialL 124 molH,
HelBal, A ols] et Hlaste] F& thea-S
7}Z1tH(Jakobsson et al., 2003). RHE3|= HH
3l ¥(Bering Strait)y= &3 H5312 Eolv Wik
st gito] B Y siFEo] AolA o'

2= g7} A%-F(Alaska Coastal Current)S
AstH, BS8lE AANYECRE IA4 = By
E ZRF(Beaufort Gyre)®] ¥as ¥H=TKNaidu and
Mowatt, 1983; Royer and Emery, 1987).

HAESE HHES Fgshs 78 Fedde &
g 27}ol] YA5= U7 (Colville River), FHE
ZH(Kuparuk River), AP7Ph 357} (Sagavanirktok
River), 7'd7}(Canning River)®} 7juciol] 9235}
= AR 7K Mackenzie River)o] Atk E3], HA
A7 B8 AAR fFdHE dE S g ulE
o] H 420 km¥/yrE ¥ WAR I3, E3E
WSS Hi 127 MuyrE 7P Atk A
ATHGordeev et al., 1996; Holmes et al., 2002;
Rachold ez al., 2004). BWAA7}e] FZol = of2 =}
2 7ol AR, A% STl o} HAE F
Folle & 7194E 3 Eslti(Holmes et al., 2002).
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ARE AZY F A& ZO0=E ZIHEARE 4920 MV
of gt AFEL tHE AFEE S, A3 ==
AETAQ] FHAA TR, HEFETH
ATE Ao 39 vt fltkPaull ef al, 2015;
Gamboa et al., 2017; Jin et al., 2018). £ A5
A& 420 MV e} W2 X (Mackenzie Trough) ol A]
53 0] EHE tiete, HHES] = 2 A
ERE IS B4t 420 MVl FH Y E
AEES §4 Aolg fHstaAt ok
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B oA A3 A= 20173 8€ 26U HE]
94Y 16Y7HA A AT 4 A olgt 2z E o] &
3 Arctic Expedition ARAOSC EAlA AFHA
AoZ F g/¢] 8F2~Fo](box core; BC)ZH-H
187719 FABE AF e o] HAE2 Hy
Esf W77 55 o] WA o &dh= 370
F0J(ST02, STO3, ST04), 420 MV <] 47] 5o
(ST15, ST16, ST17, ST18) 121l 420 MV 4]
o] vl FO|(ST21)E F&HTE WAAF FoE
2 ST02, ST03, ST04 <=O. 2 AR 7o ZHE| H
o] ZIth(Fig. 1). 420 MV 9] Foj&5& ST157} 420
MV FAlo 7l ST18°] 420 MV FA4lofA
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Fig. 2. Typical XRD patterns of ARAOSC ST15-5 from the 420 MV, showing interpretation of major clay
mineral species from the two classical runs (air-dried-black line, ethylene glycolated-gray line).

714 "} vl 50] ST21S 420 MV e BluE
Aal A9 FL3 FANA A ATKFig. 1).
HEFERENL 9l12F0)E | cm (FASE A3
g 18771 HAIE F 97719 HAIRE o] 83T
7 ASES HEFEY A4S 98] 2 um ©Js}
9] A= 7H HERES Belste A9 AlH
o2 At A4 2 4 WHE Koo et al.
(2018)°ll AHAMI3] 7]e= ot XA - ENLS 7
A AAHstgo)| A BF38ta 9= Siemens
D5005 / Brucker 133l XA AR 7]E o|&
stom, 5 wAskE BH(CuKa = 1.5406 A)
S ARESIATE B2 40 kV/40 mA, 3-30 °©
2-theta TZFA FAF 144 0.02 °, FAF A7 2%
2 A3t vl Wlo g 34 g 7S5}
Ao, £ 1.0-0.6-1.0 °F ] 43Tk
AEZE AT BHLS 37] & 1% AlS(air-d-
ried)2} oA FZ XT3 AlF(ethylene
glycolated)ol] thated XA 3AEAS A st 1
AFNE vlwsl| AASAHFig. 2). YEolE, =

A, 7h&EUolE, 2~HEIE F Y 714 F4 A
EFE] AUARl dFe odIe 2 XA
2 NBOAN 7 =2 5AA (001) 3= H
A vE o|gste AIAthFig. 2). 2 FE]
(001) M A A=A BAGs7] ffste] ALk B3
of 7teAlE HalHTHBiscaye, 1965). =3}
7h&Euol Bl izl e =44 (004) T
A9} 7Y E (002) I3 HE HIE 0|83}
Alakslat. 2 339] HAELS Eva 3.0 Z2H
& o] g3t AatEQlth sUAF} FHeEUo] EL]
ere 37 F A% AR XA 3d B4 Az
A FHEEYelE (002) =9t U4 (004) ¥
9] 34 Z= HlE o]&3te] AASATHFig. 2).

9271¢] FAEE o83t Y=EAES AAISHA
o 7= AEE 98 A= ¢k 10 g2 6 % H0,
100 mLE ¥ ¥, 253 AH7Z 583t Hest
oA oF 3UzE fY]ES AASA f1E
A & AEE wHkeE § 1 N @45 mLg ¥
o] eHtdS AASATE 282 oF 63 pmA|(230
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Table 1. Average clay mineral compositions (%) of study area

Station n Illite Chlorite Kaolinite Smectite
St02 11 62.0 18.9 16.4 2.7
Mackenzie Trough St03 13 61.9 17.4 16.6 4.1
St04 11 60.5 183 17.2 4.0
St15 12 54.9 19.3 20.0 5.8
20 mud volcano Stl6 12 54.8 184 194 74
St17 13 54.0 19.1 19.8 7.1
St18 13 522 19.4 20.4 8.1
Reference core St21 12 56.7 20.8 20.8 3.6

mesh)E ©]83ty 2Hd FHES HEsto 1A%
T FAE A8 eH, $& AgE HAEES
2 %o A E ZIAA Fattista A ESH 3
Bllol| A B{3Fal 9= Micromeritics Sedigraph
HIE o] &3t EXatth Y= 4 i 7171
£4& 53 AE 9 HEY FHFE ¢ HHE =
gatnom, HE, e FA 244 HAEY
FAE st HA AR A=E ALFsAT:

2

iz z)2t2] 37 Hoi(ST02, ST03, ST04)2] 47}
2 F83% HEFE e dejolE, 544, 71&
ZUolE, ~HlE0|E o8 ZhAdt HESE
Z APo|EE 57.5 %olA 66.0 %7HA E3HE o
Ao Hit 61.5 %olth. FUAL 143 %olA]
21.7 %= B 182 %olH, 7H&EEUe|Ex 13.8
%A 18.7 %7kA EZFE ] 1o, Hit 16.8 %
ojty, 2HElO|EE 1.5 %ollA 6.5 %7HA £
™ HT 3.6 %O|THTable 1).

420 MV 9] 47) F0J(ST15, ST16, ST17, ST18)
o AEFE S defolEVF 7P o O o
w02 FhEEUo|E9} ZUo] Hal AHE|E
€ 7F¢ At dElolEx He 54.0 % (49.3~57.7
%), 7FElUolEE Hd 199 % (17.7~22.1 %),
=UALS FHe 19.1 % (16.7~22.0 %)°lt}. ~=E}
OJEE 3.4 %olA 92 %2 WS /XM HF
7.1 %©]THTable 1).

Hlal 50] HAES] JEFE g WA S
2o deolE, 54, 7hEEUolE, 2HE|E

9 AR AT detolEx 53.0 %ollA 62.3
%= BT 56.7 %, SUAL 16.8 %A 24.0 %
2 Ht 20.8 %, 7FEUO)EE 18.0 %ol 20.7
%= H 189 %olH 2AHEIIELE 2.2 %olA
5.4 %E BT 3.6 %O|tHTable 1).

420 MV 9} HlaL F1oje] dejolE, mUY, I+
ol E9] e A9 H|SEkA|RE 2HELo] E
e 420 MV7E Bl Foj9} Blwate] oF 2uj
ot E=3L 420 MV HEZE S WA=
I HlwsHE =Yde nssiy eyl EE
3.1 %, 2HER|EE 3.5 9% Eom, dZo|EE= 75
% STHTable 1).

AT 24

EHE Fol9 dx B4 Ay, WX Y&
o] P4 HAEL 0.0 %olA 6.0 %E H 1.1
%, AEE 12.0 %A 304 %E Hit 202 %,
EE 67.9 %olA 87.6 %= Hi+ 78.7 %o|th =
AR} 74 717HE ST029] 284 g EL 3
T+ 1.1 %, AEE 240 %, JEE 749 %ot}
ST03 S 2¥d HAE 12 %, AE 224 %, &
76.4 %ol WA ol A 712 dE] 9X¢ ST04
= 284 HAE 1.0 %, AE 145 %, JE 84.5
%o |t MAR GO ZHE HojAFE HES o2
Zrastn HES ke Z71EHTable 2). 233
EHHES 1 % W2 §A9} Aol w2 sheF i
sl= QUTHFig. 3A).

420 MV 294 HAHEL 2.8 %olA 9.0 %
2 BT 45 %, AEE 262 %olA 31.8 %E HiF
29.6 %, MEE 61.3 %A 70.9 %= HF 65.8
%ol™, ST FHI Q& Aol= A gtk
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Table 2. Average grain size contents (%) of study area

Station n Sand Silt Clay

St02 10 1.1 24.0 74.9

Mackenzie Trough St03 13 1.2 224 76.4
St04 11 1.0 14.5 84.5

St15 12 4.5 30.0 65.5

420 mud voleano Stl6 12 52 30.5 64.2
St17 11 43 30.1 65.6

St18 12 4.1 28.0 67.9

Reference core St21 12 0.3 18.7 81.0

ST16 420 Mud Volcano

ST21— Reference Core
02

Mackenzie trough

0
Silt 50 60 70 8 90 100 Clay
(A)
o Sand Silt Clay
/1 o ST15-420 Mud Volcano
10 ¢/ / +  ST21-Reference Core
-~ ST04-—Mackenzie trough

..__\__*/\/

0 5 10 15 20 25 30 35 4060 65 70 75 80 85 90 95100
Contents (%)

B)
Fig. 3. (A) Ternary diagram of sand, silt, clay. (B)
Vertical variations of grain size contents of core
ST04, ST18, ST21.

(Table 2, Fig. 3A). HlaL FojE= 2HA EEL
0.1 %A 0.6 %= BT 0.3 %, élEt 16.9 %ol
A 20.6 %E Hi 18.7 %, HEE 79.2 %°lA
83.0 % H 81.0 %O|tHTable 2).

2E i°1 HHELS gRE HEZ 745 3
om, dR FojEE +04 94 g5 dAE
ﬁﬁit} Hﬂﬂ]x]*ﬂ' Hla Fojo] =Hd HAE
S Hit 0.9 %OANE 420 MVE Hi 4.5 %E

P

°F 3.6 % =T WA FHEL
HoldrE HES ko] ZAst HE= 37t
gtk 420 MVE AES HE| Ht

MV FAaeF Aol dglel &
o] HHERT 420 MV4 A Eo] 294 W*“
I HES o] w1 HES FFS ATHFig.
3A). HlaL Fof& E%éj A o] &7 A8k
AEQ] g w3 Yo} 420 MVE} xlol7h itk
(Table 2).

E 9

12
r

N

[

RREEERIEE
AR Sl

9] 4714 F8 HEFE9

A7¢ke] Aglel dHgiol
9] gAsA|TE %1 WAR] 7} o 2 RE Ho|F
5 A Agslele 43S Jehdth &, 97
A 7ol AY 7k ST02“E1 STO03, ST04 =2
HAAFE HES e haste Hh, JE9
ke 571K (Tables 1, 2).

WA 352 BARA 7} G A Zof 9|5t
HIHEsf M= Aol §o2 3= g7t A
FF7F ZEHA %ﬂiéﬂ%}«l B & Eo] WA

2 §Y2 5= UtKFig. 1). WA T FHE9
7I9AE dolrr] flete] EHESE FYsE 4
HHEEY HEZE EAS vuws|rnot) defo]
EX Jjucte] @A AN 64 %A 66 %2

WE} G 2710 FHE7FANA 82 %E Tt
A =2 #S 7Y gt UMA FELS
46 %o1A 58 %= WAAZRT o 7S 7R
THTable 3). HHES] WA 2HEel|EE T3
AHA Fol& 7HHITh AL oF 30 %= /M

m =4 JN

\:l

=
Rkl
A
yu

o1 = el
I



55 EHES] 420 MV (EsHhe HEZE 54

Table 3. Average clay mineral compositions (%) of major river supplying clays to the Beaufort Sea

River n Illite Chlorite Kaolinite Smectite Reference
Kobuk 2 66 27 3 4
West of Noatak 2 66 34 0 0
Alaska Yukon 6 41 26 12 21
Kouskokwim 12 60 35 5 0 Naidu and
Colville 20 46 19 9 26 Mowatt
North of Kuparuk 10 47 2 15 16 (1983)
Alaska Sagavanirktok 10 58 20 12 10
Canning 6 82 15 3 0
Canada Mackenzie 7 66 15 13 6

ST15
ST16 [~420 Mud Volcano
ST17

ST18

ST21—Reference Core
ST02

ST03} Mackenzie trough
ST04

80

© o
°

100

Smectite

Sagavanirktok\ River

Ly lt{

O ip 4%y

. 5.0
Mckenzie River

°
U4

~ )
Kuparuk Rivgr

10

\ Q Q
IIIit%'{ | 4 .
10 20
Noatak River | Kouskokwim River
Canning River

> 0
50 Kaolinite

7 7

30 40

Fig. 4. Ternary diagram of major clay mineral groups, illite, kaolinite, smectite. Data regarding the potential
source sediments comprising the major river supplying clays to the Beaufort Sea (Naidu and mowatt, 1983) are

plotted for comparison.

=& S T FIE, AP aE, 9717
7} 5o B A= gl 10 % o|atE A ZA)
SIo(Table 3).

HAESZ s A&, T, AP
A5, A, WA I B Fe] et
olE, 7HeEUelE, 2HEo|E ke HwE|
el A=z =ASHATHFig. 4). @ﬂﬂ%ﬁﬂ 3
T YeolE FFE 61 %, 2HE|E TR
T 4 %E AP IS B3t HEdE
ol 7HAl =AM ETHFig. 4).

WAAZZT AP AESS detolESt =Y
A, 2HElo] EQ gl A Zto]E Hol7] wjol,

7ol 3 Aole (ZhEEUolE/sYA) Hle}
(2HEl E/YE}o|E) HIE o] 43t JHZE 53
T-EE 4= QltTable 3, Fig. 5). WA= HZE

120
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4
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Fig. 5. Discrimination plot between smectite/illite
ratio and kaolinite/chlorite ratio.
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< (el E/Ye}o|E) HI7F Het 6(2~10)°] 3L
R UelE/sYA) vl Hd 93(81~105)°]Th
AR 73 (ZHEto] E/D el E), (FHEElHelE/
UM v7E 7} 9, 879 #h& 7HAH, WA
o] 9] ol =AETKFig. 5). 18U, A=
54L& (=HElo|E/Y e}l E) BIZ} 172 WA+
9] 2~109] HMHET #i, (FFEEUelE/EUA)
Hl= 6002 WA 31| 81~1059] HY KT W
= 7HA7] wiEed WAz e EHEHE Aol
£ HRItKFig. 5). wWetA ARG HAEES
T2 (2HE|E/YEel|E) vt i, (FheE
ol E/my a9 Hl7F =2 WAz 73] OE'W’ uk
& Aog Akt

AR HAES HHES | Mo o2 &
2 g2t A il BHE) A& e
o] ke WhS 4= QUthFig. 1). 1Y HEJE
Hoks v BHES| A% FEde o=
o, WAA ol 7P vtk oSo] WAlA| A

HAESZ flEe AE 5 B4 2 g9
wj&3Fo] 714 At Gordeev et al., 1996; Holmes
et al., 2002; Rachold et al., 2004). 12|22 Wz
A& G2t Aol o3 FFE T WAlA
7}o] A Aol Qe g4 Wy 9L & 2= 9
o} &3 AR G| FAEL Wiz} o 25 E

Ho|ZA4E AH3ldtiFig. 3A). ol 7 sHEH
B HojAHA 2HE EFZHEo] 7HAsta, AEE
BAEL BolAle At BAEY A At
(Olariu and Bhattacharya, 20006).

I

420 MV

420 MVe| soj= HEF=o] o] deolE,
7hEEUolE, U4, 2HElE sog ZhAadh
E} Hlal Fols HEJE o] deolE, =
A, 7HEEUelE AHEE o0& Zjo]7} Qltt
(Table 1). =3} 420 MVE 2HEl|E o] 5§
%ol A 10 %E Bl Fo12] 2 %olA 5 %2} iz
oz wom, YA EZHEC] 3 %E Hlul o]
RBY} =tHTable 1). £HE FHE AE HE9
Steko EEFHE 50 cmZHA A9 YAHT 73?‘8'»% B
ojA|NE, MR 5o EHEL Zlool wEt Yrrt
H3TH(Fig. 3B).

420 MVoA S/ x 1002] Hl= HF 13(6~16),
(ﬂg‘:quro] E/fsUa)e] HlE B 105(89~113)4

#= 7, EYEdE fHe ds 5, WA

ZE

(ZHER| B/l E: 9, FhEEIUelE/SUA: 8T)
of 7} 7t Wk, Wl FojE 420 MVe| =
SlEjo| E/A2ol £9) FHE e ol B/ o] 3
E7} %L—f%ﬂmg 5). 420 MVE FEZE 5, 9
ol TheoE F1LEUelES Bo| IR
om, ~HEel|Ex Hln FojH} of ouj Hol
T WAl nad Ak olsta, wsle
A2 4YFE 2 F FF2EolEr} BN
B S EO]L ﬂo ] $ltKTable 3).

H3 Foj= 420 MV F-2ol IX3HA T, Fig. 5
oA AERE o] WAIAZe] Assh FASIT,
e wWAAZoRRE §E¥ HAES0 Wm
o7k N WA thEE AA7H) G o
AT e AT A2 AR AAA L
B 2gol et As}st, F=ehA Oﬂ? gk A4
OERe WA ge] dgke wE shle %o
2 TSN, N B2 SR Yok
AT ot FHE ZoE AT Gamboa
et al., 2017). tﬂraw Hlw Fojx WAz 7o o
g2 weron, 420 MV 54 A7hx) W7
GPL W= Zlow Perdny
420 MVOIAE 232 522 F0] BE 5 %
Wy w294 H48S 3T 5 Y=
Sa e s, Yok B 2= (ice rafted debris),
MVel &3t £F F°| UtkClark and Hanson,
1983; Yassir, 1989, Baumann et al., 1995; Hebbeln
et al., 1998; Spilhagen et al., 2004). YREH o=
ekt BAEe s sl el s
2R3, Wt & o HAHE A HAER
(Kuijipers et al., 2014), 24 EZE2] o]
2 54S 7HIth 420 MVe] =34 ﬁﬂ“ g
2o Hlwd =X Y3 5 28-S dgrs 74
2t AAE e vla Foje] =Hd HAE &3
% °lstz 7] UHTOH HeheRt HAE] “ﬁkf
Ao g Aok A "=l o3 FEEAT,
Aol we} BA=o] AlH3E ”“9‘“1] LR
=3 2ol YA FHZAE o] Yool Atk
SEAIRE 420 MV e 2=HZ HAH=o] FHafo] Al
ZI*A o 8= T A 7 7Pk ST02
HOr goue 7 HAE gk AdE 3

o Zolol mek AP Awsh WIAHENZ 9

Hﬂ

—_—

= AEH] AEZE AT Aols Sl %@_ 5
Aeol FuE & Slv TEUS MV BEshe
Aol o HH=2 f5dh

420 MV7ZE = A9l s BdvE o



52 BHES 420 MV (I&3Hhe] HEZE EA

S SA A} S|4 MV B At ofsh, B
Ed} MVeE S84 Alg2 WE E(glacial till)7}
=3t AlsE EHAAQ AR BHusial §lo]
o] ARES HAEIT YTkHIll er al, 1991;
Paull et al., 2007; Batchelor et al., 2013; Blasco
et al., 2013; Paull et al, 2015; Gamboa et al.,
2017).

ARA08CS] ROV ®ARE F3ll 420 MVE T4
= A% EE3 I S AIEEHin ef al.,
2018). 7|1 A+ Z}9} ARA0SC BALE Ho}
420 MVY Zolo me} =7t M3yt fle ol
23k Aol 9Jall MV WA ffoleel &
F2hg il oz f5En H2o My F, vt
A =a 9] ot B2H MV JERA AAoA =
71

Zolo] wat % 7‘5__] Qx—l‘j /\1_1”5‘_’ HEQ glgFo]

o dr K oo

A9 4Agg AFe BKGinsburg et al., 1999).
= =

HHEs A 53 HAlA] 5
MV HAZ] et HEZES] e Z4ES F
sto] AT AAE Qokstd Tt 2t

1) WA 5o A=Y HEdE FFS HHE
sle] e Ashn WA HEedE gl 7t
a1, AR 7G| A BRI Gr4lo] ZojdrE A
Helslhe A HAE SAS Bk A
o] HAE9 7|dA= WA s FEHET

2) 420 MV 9712353 vl Foje] EHER
t Ao E Fhgo] wtal ~HElo]E ghafo] Ert
%12 FAEQ ko] =11 ZojE U=y} 4A
3 EAS Zh=th 420 MV EHES MV &
2o 23] FZHN oM, MV &0 HEFE g
F Q=0 JFE F ZoF dAddnh

kil
i)
ax
it
w2
o
[y}
S

A A

o] =& ggtls dUdiHHMOF, the Ministry
of Oceans and Fisheries, Korea)?] AYSE I==4]
A-4(KOPRI, Korea Polar Research Institute) A
PM160509] Al9oz AT Mg FH 5 £42
Lo AAdistn AAHs B9, A, HAY

spaol 7 7A=Y
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