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High-Resolution (3.5 kHz) Echo Characters of the Northern South

Shetland Continental Margin and the South
Scotia Sea, Antarctica

Sang Hoon Lee", Young Keun Jin, Kyu Jung Kim, Sang Heon Nam, and Yeadong Kim

Korea Polar Research Institute, KORDI
Ansan PO. Box 29, Seoul 425-600, Korea

Abstract : High-resolution (3.5 kHz) subbottom profiles were analyzed in order to reveal sedimentation
pattern of late Quaternary in the northern South Shetland continental margin and the South Scotia Sea,
Antarctica. On the basis of clarity, continuity and geometry of surface and subbottom echoes together with
seafloor topography, high-resolution echo characters are classified into eight echo types which represent
rock basements (echo type 1II-1), coarse-grained subglacial till or moraine (echo type I-1), slides/slumps
(echo type 1V), debris-flow deposits (echo types 11-3 and I11-2), and bottom-current deposits (echo types I-2,
II-1 and I-2). Subglacial till or moraine (echo type I-1) is mostly present in the lower continental shelf and
upper continental slope of the northern South Shetland continental margin, which changes downslope to
slides/slumps (echo type IV) and debris-flow deposits (echo types 1I-3 and 11I-2) in the middle to lower
continental slope. This distribution suggests that the continental slopes of the northern South Shetland
continental margin were mostly affected by downslope gravitational processes. Further downslope, bottom-
current sediments (echo type 1-2) deposited by the southwestward flowing Antarctic Deep Water (ADW)
occur at the South Shetland Trench, reflecting an interaction between mass flows and bottom currents in the
area. In contrast to the northern South Shetland continental margin, the South Scotia Sea is dominated by
bottom-current deposits (echo types II-1 and 1I-2), indicating that the sedimentation was mostly controlled
by the westward flowing ADW. Flow intensity of the ADW has increased in the relative topographic highs,
forming thin covers of coarse-grained contourites (echo type 1I-1), whereas it has decreased in the relative
topographic lows, depositing thick, fine-grained contourites (echo type 11-2). The poor development of
wave geometry in the fine-grained bottom-current deposits (echo type 11-2) is suggestive of the unsteady
nature of the ADW flow.

Key words : /34 23 EX4 4(hlgh resolution acoustic characters), #47] $-7] &%2}&(late Quaternary
sedlmentatlon) AFF L ASF ¥4 E(mass-flow and bottom-current deposits), B4 SHE B )&
G815 (northern South Shetland continental margin), ‘#2~ZAo}3l (South Scotia Sea)
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LA &

A5 9H3.5-12 kHz) SUE o83 AN AF ale
ALl AM 92712, Aol Asl7pA) o)$ chst
4 dAdM B4 88 Asle ofF fasitt
(Damuth 1975, 1980; Chough et al. 1985a, 1985b, 1997;
Pratson and Laine 1989; Pudsey and Howe 1998; Zaragosi
et al. 2000; Lee et al. 2002; Pudsey et al. 2002). 2253}
AR AZ G BE A mike He5e £A%te
22X, 48 ma} 5 whdelr 4 4 whdel A3 ¥4
=2 H4 243 =4 $AE ol W S Uk wt
AlElo] 0 SN E H4%9) ¥4 22 (sedimentary
texture) 3 8| A 4 (surface)? A5V (subsurface) ¥4 2
o] el (geometry)E W9 3}3L ATHDamuth 1975, 1980;
Damuth and Hayes 1977), WehA 3139} 33 EA)3 1
AGHQ £ FFE g4 2 AAALL Yk &
83 X E Al Ferh(Damuth 1978, 1980; Chough ef al.
1985a, 1997; Pratson and Laine 1989; Pudsey and Howe
1998; Zaragosi et al. 2000; Lee et al. 2002).

Al 47] £71, wiA9 W E7)7F o Algkd 715 W
B2 23l sgsE e tdsA wskslan. 53], 943
WHE (Antarctic Peninsula)?} 415 E 212 (South Shet-
land Islands) FHF= SA 9] 544 A= siga=
TE slgd Hart dolsted, Walr) el zhyrs
o] 715 ¥zt AAelA slpae s, 2ddle) we
e SYste] AE 9 wWa) woyo) x99 gl u
€ I3 cdFe 4= W3yt #4351 Yebdti(Pope
and Anderson 1992; Shevenell et al. 1996; Howe et al.
1998; Pudsey and Howe 1998; Pudsey 2000; & &
2002). °1A% S| FDA ] Wshs ], @5 1§ Fan
2 IFHEE $471d HE B AR ¢ TEY, HYE
20 712 2 H Aol HslE {aA e A g
A3 YL = e d3e M3 AL ¢EA )
HDomack and Ishman 1993; Pudsey and Howe 1998;
Pudsey 2000; Yoon et al. 2000; Pudsey et al. 2002). w2k
A 3F AN AF GARE o183 W ke W s
WE 2= FHYY Y H448 @3 Ad7Ee A
S| REAS) E2A) et B slUdshd wsye
ojslel=tl Wit 7122 FRE AFsA ).

2 AP e FF3NEATFLo) 20028 Aol B4l
EWE BY diEFH Y (northern South Shetland conti-
nental margin)®} ‘g2=3LA10}3]) (South Scotia Sea)olA &)
5% AF9(3.5 kHe) AFAF ARt 53 54 L
AA e A8l Al 471 ) HA 488 BAsia, o
HA4g0) Beidel RE 4L vl Al ek

ol

& F& A9l e E443k dFzReso] 3
= Frolt}. o] Ao F=F(Antarctic plate),
2251 A o}3(Scotia plate) 2 A 7Y 22 (Former Phoenix
plate)?] AAE ojF= Al 7] U= A A3z AF
H v (Shackleton Fracture Zone), B3 Alo}F &5
(South Scotia Ridge)?} 4l &A= 37(South Shetland
Trench)”} Shte 254 (triple junction)®] &) 2+th(Fig.
1A). H&FA o} 853 A ZE spdivls G833 &3
Alopite] AAE oF= H3dE AlZ"olth(Palayo and
Wiens 1989; Klepies and Lawver 1996). #ZE50] 234
olyte] MgolFef ofs] LAYzl o] AEH YA
ool gt AZpAYP LS op7)skal vkl dEA Ak
(Klepies and Lawver 1996; Kim ef al. 1997, Gonzalez-Cas-
ado et al. 2000; Jin et al. 2000).

GHENE B gl At g8 44 oF 500-
600 m& Z3L o] ylon ulFipde] AAks oF 23-
2.7°2 440) <F 5,000-5,500 me} ‘FHEW= S (South
Shetland Trench)7}A] Z1oJZth(Fig. 1A). FHERE &)
T-E AaX A2 EGROE T 9F 4,000 m3E
2 JolxIth(Fig. 1A). FHIENE B ST o
FARES 55F0 8 G50 A8 whoie)
JakaL ddow, AU E A tEANE S FolAa
AAY wi$ FalAthFig 1A). 97AIY BEREe &
A ko] raFino} FEo] X, o] Hl#H& 23
Alolete] \¢&: AAE FAsHA, 1538l (Weddell Sea)
9} 231A)0}3) (Scotia Seaylole] A (barrier) ¥ ¢S 3
Sl gz el sFH & W sAEET oF 1,000-
1,500 3% =& FE7 359 F AW (branch)o. 2
dEol glen, T AWAlold= 24do] °F 3,000-4,000
mE ZojA = FYeE(central deep)’t EA|3THFig.
1A). F&3iAe} dlE e 5X38Y, & gdazrolele
4] °F 3,000-4,000 mY =4} vl HEF HARA] HLhdo
B o]FojA UrhFig. 1A).

Y587 (Antarctic Circumpolar Current: ACCR= =
7% (Polar Frontyg wet HeiggollA o2 &Y
(Drake Paassage)s} Z2FA|olsl & HA UMY R o] F
SH}(Fig. 1B; Grose et al. 1995; Orsi et al. 1995). ACC
o] AEH 43 (water mass) FFEEF HEFF(Cir-
cumpoloar Deep Water: CDW)= HEol|A 20] ¢ &
3 e ofo) AAE TSI ' EEAE 9 (Antarctic
Deep Water: ADW)S} 4331 2t} (Sievers and Nowlin
1984; Orsi et al. 1995). H3A45FE Weddell SeallA]
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Fig. 1. (A) Bathymetry and tracklines (dotted lines) around the South Shetland Islands and the South Scetia Ridge. EI
= Elephant Island; SFZ = Shakleton Fracture Zone; SSR = South Scotia Ridge; SST = South Shetland Trench.
Bathymetry in meters. Contour interval is 500 m. Numbered thick bars indicate locations of 3-5 kHz subbottom
profiles shown in Figs. 2-5. (B) Map showing the ocean-circulation systems around the Antarctic Peninsula,
South Shetland Islands and South Scotia Ridge. Note the Antarctic Circumpoloar Current (open arrows) axis
along the Polar Front (dashed lines). Black arrows represent the Antarctic Deep Water and Weddell Gyre. AP

= Antarctic Peninsula; DP = Drake Passage; SSI =

from Pudsey (2000).

AA] OB 38 Weddell GyreZt A7 40°9) 48°
229 M EEE wel BHO R o)Fslo] YA ofs]
S HHASIE BR OEFARE el ME Ee YA
o2 FFoIuA ARk W) 312 sl Y RS
2 424 ArhFig. 1B; Nowlin and Zenk 1988; Cam-
erlenghi ef al. 1997). WA AX]G GAEN= &1
UisFe) dasiAos e da3aEee] 28490 o
ghe W Qi

3.2 2 B4 Y

2002 12900 AlE Gl kAlolA oF 1,845 km
o] 3187435 kiz) A @A) AR E JHEN=
L tissas 9 d2agolsolA 85389 thFig.
1A). HIEHE EX 55N e F8 A4S0 1
AP S uig) B3 aigo s ARE dgey, g
Aol AEHAERA 3000 m o4 A A
F2 FA Wow A5E 539 AR 54 =

2 T

South Shetland Is.; SSR = South Scotia Ridge. Modified

AP e &5 A7 3.5-11.5 knotsS F-AEIHeH, =
AFY QIAALEE GPSE o3l BEslgt).

g edut SR EHe 712F 22 Damuth
(1978, 19802} Chough ef al. (1985b)2] HF715S wsk
ok %3 WAleke] WRAIE(EEY), 94 A58 4 A
AY BAE 71EoE 49 SYEAN 2FE /I
ok 1) 53k EEurak), 2) B dsiAy) eike g2
R, 3) 4 Ee] EEAEha 2 4) o8 7}
A Peprt BihH oz A" F2wAlaav). 2zke) &
FEA 25 A5 virlEe] §5, e, 84 A&
2 o] B4l ujet olgprlol A} Frtsle] Als)
At o)A BRE 2o S3e v S5
3 71E A7AHRe) vt BE 288 s

4. SFFEH L X

S 11
SR 11 B EE WMAE moln] A S0 W)
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Fig. 2. High-resolution (3.5 kHz) subbottom profiles of
Distinct echoes (I). For location of each profile,
see Fig. 1A. (A) Distinct bottom echoes with no
internal reflectors (Echo type 1-1). (B) Distinct
surface echoes with a few subbottom echoes (Echo
type 1-2). Internal reflectors are not exactly con-
formable to the surface echoes. Note channel/
moat (arrow) and channel-filling geometry near
the base of slope.

A7 Sl B8 BRItHFig. 24). 30k} vl o}

T 2 S50l JErIE @th(Fig. 2A). 3}]%{
e giAA R PesiA g iAo g Bl 7|8
Ho|7|z g}, &3k 118 Y Sals By E“q_r‘__,_
oA 4240l 300-500 mel S TS5 HAR USA)
AR Aol Ay,

A WALELE SHelA] @ FEE B3 wkijals
3L3hE 7Iigte] sjA A & o] A sjAwel
%;4(3 5 kHZ)st‘sko] _115_;47], 0134‘?‘ z%;ﬂ 3;]14 ':'i )
o A& AFel F2 Yehdri(Damuth and Hayes 1977;
Damuth 1980; Pratson and Laine 1989). 234 I-10] ¥

Fah dAEA o jSFe) ogy 9 A
OIFAE A& 48z 9

field and Anderson 1995; Jin ef al. 1996; & 5 2002).

S SR LIS 2 geEe TR 2ud HaE
o] #¥sh= A9S Uehlle AoE FMHrt
L3} 12

o8 1:2E

FEg BE NG S &g o] 4
‘3%3 o 719] AU FAIEE A o] 9L i
# Zlol= oF 15-25 m Aot} (Fig. 2B). AE W wiA}h}

5 WAt} A8ebA WsA] Al Vebdth(Fig.
¥ 125 B HHENE
(South Shetland Trench)?llA] #Z=| =4, -—“P*}u}b
AAY d8 A9} AAEE BodA 527F 2 =2
(channel) 5= & (moat) HE|E Ho|3L 3lem, Z]?LH ul
A1 2437 = g (arrow in Fig. 2B). 3 o] B2
A e] AU WAl 42-3]-8-(channel-filling geom-
etry) WERE Hol/|= gh(Fig. 2B).

8 22 WA o8 79 AFW Al SE
& 1-27F Y(clay)ek 72o] Blid Algd §HEE FAs
o] 928 AAIFHDamuth 1978; Chough et al. 1997).
HHENS 879 o] HA} F3laL #& AP 93|
A3 (confied) Aol BEEsk= 3 AAP 33 A
A3} AAEE HFoA F(moat) ¥ FE-AE FHE B

ole 54L& ¥ Lt ElTE v BEe A
(bottom current)ell &J3l FAAE AdE A E4
(confined fine-grained drift)dS AIA| gt (Reed et al
1987; Carter and McCave 1994; Faugeres et al. 1999). &
3], FHERE B tiEFHYE n gAFeR =
= %—2““*’“4 Z7) (Nowlin and Zenk 1988y= 234
27} AR o3l FEIE L3

2B).

S -1

234 -1 tha EHk(semi-prolonged)= o] 5747
Uelal 208 A44do] F3.3F BEukalatel x5 u
AR BRI ks Ao] B4 0th(Fig. 3A, B). Y&
Aoz gusia FidgAe) 4 & Y AF
) whalslst a7 s Sith(Fig. 3A, B). S1AA 8L w)
oA s vl G AAE Kol ¥EAe
2 B3 71 8o] YEh 7] SH(Fig. 3A, B). 23H
-1 _E_ ugg_,qo}on Aa)HAA A o] 7} =&
S 129 FAH o= FolFel Wz

- .
AZU vAlEE FubelA) ok vl Bk EEukA)
ste] 54e HES} o] Jujdez 2Hd H4ER ¢
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Fig. 3. 3.5-kHz subbottom profiles of Indistinct echoes (II) For location of each profiles, see Fig. 1A. (A) and (B)
Indistinct to prolonged bottom echoes with either no or rare diffuse internal reflectors (Echo type II-1).
(C) and (D) Prolonged bottom echoes with a few internal reflectors (Echo type 11-2). Subbottom echoes are not
exactly parallel to the surface reflector. Note local occurrence of slightly undulating (6-8 km in wavelength)
geometry (arrows) and moat (less than 15 m deep) near the area where the slope gradient is abruptly reduced.
(E) Laterally wedged, acoustically transparent masses (Echo type 11-3).

=] AAY AT A 2F33.5 kHz) 32
dlst7] e A FRY HYFzt RE v Yehte
o, olzist S B4 L T2 Eﬂtﬂ“'fﬂc’ﬂ 7P Adl 39
219 o] A eeh(turbidite)o] U A%F 54 E(bottom-current
deposit)oll 4 #ZEthDamuth and Hayes 1977; Damuth
1980; Chough et al. 1997) o8 II- 101 R¥gs g

f Ao

r

SAlolel AaEe AAe GASAS BN GEIUR
2] Falo i Zera) ool AEo] TRAE 54

%] ¢ AL Hoja AEoE TEL Al 227t

| M ao
UTthHowe ef al. 1998; Pudsey and Howe

ARt XU

1998 Howe and Pudsey 1999). we}r] 2
Fol 93] FAHAE 7FsAde] A

oA 1112 A

L3 112
53R 1125 thd BEs7Y E4k(semi-prolonged)
g gejo] ZutdsAo] FF e HEWAITIe}L 2 Shy

30-50 mell A4 L]‘E}"]*\: thre] A3 AR A E
o] SUtkFig. 3C, 3D). AW BAbske EFWAEe) 4
oA HYshA dom Ay tha Eibd 54
HRITH(Fig. 3C, 3D). IAA 2 tlAR FebsiAL} o)
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AR AL BolA W, HEAHOR 6.8 km FE9) 313
ZolE zt= el ZZ(undulating) B )7} AT
(Fig. 3C, 3D). €9k 2= e F(troughyA Gl A=
Asl WEARE Atolo) FA| 7Y S5l 25w Z)o)r) 7]
S ") ulF (crestyX Gl A= A2 TA 7 9 L0l
3 Zolx OkE}(Fig 30). S -2 AAPE FeA9
A Aol £ AR -1 ¥ 11-1)3 gxo2 4
AE 7Y, o] ZAAAHAA Zo)7} 515 m WSl &
(moat)”t WERITH(Fig. 3C, 3D). ASW WAlEEL &
(moatyel] ]3] HAF3t 54L& Ho|v}| & (moat)llA] 4
AdsF AU 84% S FANRA L S5 2
o= Z7FITthFig. 3D). S II-2E F2 FaFAlols)
A8 9] oA X3 o) Ao g e 20 Bx3},
Tk gk 235 wkabgke) 2 s 30-50 moll A4 U
Ehte o2 79 AFu vabEs Y(clay)st 2o g
4 452 2450 Y-S AN EEH, old 8% B4
< SA S drdolu) SARR] HedA widgy F
2 (hemipelagic sediments), A€} (turbidites) ¥ A% 7
¥4 & (bottom-current deposits)® T o] Lol BT
=37 lth(Damuth and Hayes 1977; Damuth 1978, 1980;
Pratson and Laine 1989). ¥|& ZA ¥4 E A3 E =3}
7] ol HAE FRE AT Do = g, 23
& 28] AAAG N YU = E(moat), FEHQ] 548
(undulating) F& % AZFY] H4ZF 54 W3 PFe A
Z(bottom current)?] 28 HAHASS wigsic
(Faugeres and Stow 1993; Pudsey and Howe 1998;
Faugéres er al. 1999). =8, 330 1127} H3A)o)5)
AsE e Exshe, of AQe GHSAE B g
TR g FHoRNE *&‘?M] olsl ASE o T+
H HEEUo] ¢ A3 MFOT 52 YA =)

HE3k= £ (Nowlin and Zenk 1988; Pudsey and Howe
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1998)0.2 H)Fo| Bol J3 112 AE
AL 7FsAdo] ufg A}

Foll elal ¥4

% 113

030 -3 A vEAL7E glo) S¥stA o Fy
FAoRE H71YE] HAAE NDst(Fig. 3E).
WAl ]y el 5A4E Boled, =olvt 4
oluie] Hlad sFH Ao FHekE A5 Fule v
Abht tha Bt 548 Bel, 912 ESs Y P
g FelE BRATH(Fig. 3E). ©] S FE U=
S diSFHE-o disAbEAA FFolu A3t o)
Aol Fujdor 32 AQeA A Y (filling
geometry)Z. ¥HEE ™ (Fig. 3B), AL 2 2.3k
I-24} 1ve} gsted vieldrt.

SFH o2 Uit Byl 4136 e gAR
(debris flow)ell &J3l A€ HAA) ) AP EA o[tk
(Embley 1976; Damuth and Embley 1981; Chough et al
19852). S8k T34 Uil FEl7t wado] glof
w2 HAzo] ¥EsL U3 s, ol A
F7t 3ol ¢ At ¥¥ (shear deformation)s} T
arote] &gt 1%k o g s €Erh(Middleton and
Hampton 1973; Embley and Jacobi 1977; Nardin et al.
1979). &7tRe] =4 ¢ thd Sbd B3 eRlEe &
AF7E gAs s e BAA e xR 2ed vt H
AzYS vt (Damuth 1980; Masson ef al. 1993;
Lee et al. 1999).
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Fig. 4. High-frequency (3.5 kHz) subbottom profiles of Hyperbolic echoes (III). For location of profiles, see Fig. 1A.
(A) Large-scale, single or irregular-overlapping hyperbolic surface echoes with highly varying vertex elevation
(Echo type 1I1-1). (B) Regular overlapping hyperbolae with slightly varying vertex elevation (Echo type 111-2).
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Hehtbe 548 HRtkFig. 4A). o] 3L wl$- 7)%

o] 43 AW wolEu, R vklaR: vl$ Zaln) A
FU) Wbk UEA) sheth 2 el 4R wAls
Aol A, & AFo] e AR Ao Frel g

& IV7E ARET I 1S FR G ERE B
o] A5 dSAMAR dadaolslolia] A3
] Aol B2}
HE ohdet R Aa FEukae
ZAr7} ”H—r— HERL 7]1E0] wi- gk AR GoN BF
FtH(Damuth and Hayes 1977; Damuth 1978; Chough e
al. 1997). v 723 ¥ HkAlaie} )] o 2o
Exshe 548 53 I1-10] sAERd =y e
sk 718k rock basement)o‘g* ShAI R (Pratson and
Laine 1989; Lee et al. 2002; & 5 2002)

ST -2

= M-2e FFE7F 5L 2be] o] 0] (10-15 m
olu)E Bol ofe) 1) HIH EewkAls} B)A
AR = %z;jg]o] q.E}L}E}(Fig 4B). %_}H};H o8 o]
sapte FHow LI L 3 9 Vel @,5}@] UEhd

2 MI2E FE GHEYE B g8t 2
5 thEARACA ol 7414—4 e e R A
o] W2 Ao Rx3i},

TR AT oke] o] Aol g voln] FHHom 3
e 4 BTk T 24 EE 54 )90
SRR F27F 4AT AL T3 sl widso]
U= SiAoA 54X 02 7)1 Z T Damuth, 1978, 1980).
ol¢} 2L FxE dNHH o R iEAM, tIFY) 2 AalA
Al wehs SlA Alel(stump) ¥ 9 F(debris
flow) ¥ ZAZ 3|4 A HEmbley and Jacobi 1977; Pratson
and Laine 1989; Lee et al. 2002).

SHE IV

S Ive R} gkl 85 A=A ;—l -Er”éfﬂ &
F el HAAZ o] 9lom A
THE (scar)Ht FETN (scarp)et Hal U= B
(Fig. 5). 2%l Eo)&= oF 30-130 m ZJEOIE} Clnss
Tl ENE SRt HApTgo R o] HANES thget
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SR IVE FR GASAE B2 osFare] 4
ZH OIFAI Y BExsi)

A ZAAAG e e 9 E}EDM]S’J‘ SH- APk
O olFd thde FRe BE A3M @ 533 23
FEN o) HAA e 5L 3¢ v ElA &

SH ol 23] FAHUSS AANFTHEmDley and Jacobi

[E} AX

s

rdl

i

N

ol =

SE NW
,Scarp

's«

[V

1.5km
100 m

Fig. 5. 3.5-kHz subbottom profile of combined echoes
(IV). For location of profile, see Fig. 1A. Irreg-
ular blocky, lumpy or hyperbolic masses bounded
upslope by scarps or scars (Echo type IV).

1977; Chough et al. 1985b, 1997; Lee et al. 2002).

5 E 9
GAEAE By glsEEn Adaas STy -1, I-
2, -3, TI-1, TI-2 2 Tve] ®x¥3ka ot 54 zkg7})
-t FAPA A A Lo A mez—ow 3l A H-A]
BA7EA 2] AAAHR 2% HEE 9potshA] A
3 Ul5-8- 2 A3 diEAPA(EY 300-800 m RhNA
= __?S\'J\]- I- ](Hl o]— UH;]- _‘Z_%?g ;]/ﬂ‘:’),,} 111- 1(01-1:1]—7]
wieho] Vet d=be oA dofRl Ak ot
@] FAEA Ao mEd FA Yt Ho ge)
(Last Glacial Maximum: LGM) &%+ @305
Al s)g- AR} 700-1000 m FLE W2 3L7)A)
AR TH(Banfield and Anderson 1995). ]2l 7FA] 2] 70|
UA T o] WWAFL oF 15, 000 11,0004 Al ¥ &}7] A2}
sl ARl dElST GHAERE 259 S A
A R Ex3a ﬁli}(Pope and Anderson 1992;
Pudsey ef al. 1994; Yoon 1995). Wehr &34} 112 |
31714 W) ditolr] FAHASS AR = Q)
He.g, & 5 2002). TF USAHAE 2 234 IV
EHolTAYE), MAYAEF H498) 2 I3(PGEF =

HEyol BEs=v, ol Wal Hazked oF it )
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Hol BAWYOE HAEL TFANLL A BHeg,

Chough et al. 1997; Lee er al. 2002; & 5 2002). 5445}
S AR, thF el Asl BREUAA G 257} A

9] 7] wiFol] FEzrRol] o3| AEH o A HAE
91 wE YeE AEsiA g8 = gl s
P 12(AEF S48y BEs=r) o]
mass ﬂows)94 A Z-F(bottom currents)
Y B2 AGolA NS &
< disoieh Al B2 he0A B3
ArE. o A28l aiﬂ_t;] = _'H-D(
W km o], & 4 km UH))e] AY e A7}
@?‘7‘]@. HEE G| sy e
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