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ABSTRACT

In the Arctic Ocean, sediments are deposited by various sedimentary
processes including hemipelagic settling, mass-flow, meltwater plume, iceberg,
and bottom current. Therefore, defining the origins and depositional processes
of the sediments plays an important role in understanding the
paleoenvironment closely associated with paleoclimate changes. In this study,
high-resolution subbottom profile (SBP) and gravity core data are analyzed to
understand origins and depositional processes of the Arctic sediments in the
Chukchi Sea and East Siberian Sea.

Based on clarity and continuity of reflectors (echoes) and seafloor
geometry, 5 echo facies are classified. Echo facies IA is characterized by
continuous sharp bottom echoes and parallel to sub-parallel subbottom echoes.
This echo facies is subdivided into IA-1 and IA-2 types depending on
occurrence of iceberg scours. Echo facies IA-1 is generally attributed to
hemipelagic settling with an influence of fine-grained turbidity current. It
occurs in a great part of the Chukchi Borderland including the Chukchi Shelf,
Chukchi Spur and the deep-sea floor. Echo facies IB includes acoustically
prolonged and relatively flat bottom echo and fuzzy subbottom echo. This
echo facies is restricted to the northern part of the Chukchi Spur, and
interpreted to represent moraines planated by bottom current during the
deglaciation. Echo facies IIB is characterized by overlapping hyperbolae with
hummocky reflectors. This echo facies is further divided into IIB-1 and IIB-2
depending on occurrence of scoured reflectors by iceberg plowing. Type IIB
occurs in the shallow part of the Chukchi Spur (200~300 m in water depth),

central part of the Chukchi Plateau, and topographic high in the Kucherov

_Vi_



Terrace. Distribution of echo facies IIB indicates that grounding zone moraines
were formed extensively along the base of the ice sheet (grounding ice)
during the glacial retreat. Echo facies IIC shows tightly overlapping hyperbolic
echoes with acoustically transparent subbottom echoes of lens or wedge shape.
Major part of the steep slopes including the southeastern part of the
Mendeleev Ridge are dominated by echo facies IIC, which is interpreted as
mass-flow deposits or debrites. In the deep-sea floor, lateral change from IIC
to IA-1 indicates that mass flow, debris flow and turbidity current are formed
by influence of ice advance during the glacial stage. Echo facies IIIB is
characterized by acoustically transparent or partially prolonged subbottom
echoes with a high relief (tens of meters). It mainly occurs in the northern
part of the Chukchi Spur. This type echo is interpreted to be characteristic of
the hard rock basement, and the high-relief echoes are interpreted as scour
marks by floating iceberg during the deglaciation.

In the gravity core sediments, 5 sedimentary facies are classified on the
basis of sedimentary structures on X-radiographs and grain texture. Couplets
of thinly laminated mud (TLM) and homogeneous mud (HM) are generally
indicative of fine-grained turbidity current. In the ice-proximal zone (grounding
line), these sedimentary facies can result from subglacial meltwater stream
during the deglaciation. On the other hand, bottom current and turbid
meltwater plume give rise to irregular and indistinct lamination with
bioturbation (ILM). The sedimentary facies ILM/TLM indicate a gradual
change from deglaciation to interglacial stage in the Chukchi Spur.
Structureless or disorganized (gravelly) mud (DM) consists of many ice rafted
debris (IRDs) supported by fine-grained matrix. This sedimentary facies is

interpreted to represent sediments settled from the basal debris zone under the

- vii -



large and wide ice shelf during the deglaciation.

The depositional model integrated from the SBP and sediment core analyses
indicates that the Chukchi Borderland was influenced by ice sheet (grouding
ice) and ice shelf during the LGM, which is useful for further paleo-climate
and paleo-oceanographic researches in the Chukchi Sea. The sedimentary
facies suggested in this study will be also helpful to enhancement of

convenience and accuracy for paleoenvironmental researches.
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Fig. 1-1. Geography and topography of the Arctic Ocean (modified

from http://www.ibcao.org). BS, Bering Strait; FS, Fram Strait; GR,

Gakkel Ridge; LR, Lomonosov Ridge; AR, Alpha Ridge; MR,

Mendeleev Ridge. Solid box indicates the study area.
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rr



== Nro ﬂor o
- T 5 YT T oW wm w D ®"OBo @
o TN m o ﬂAHu % N N & T T T wb Mﬁ Mo W = o
70 5 s ® 7oL oMo oo g W O oy E
| (RS W = S : g %0
i ot X = o XM T W g o W T X
o & 7T om MoxX ol b W o SR
:.L = )] BT — HU =n 0 RO T o \_.r_
o T WS g woek o R o T - R4
— - —_ | vA ju ) — \‘_”n
R~ ﬂwwzféywﬁ z%%%g_@%q%%ﬁ
oW MT. m g N mo ) ER~a W g g P o
3 T owme oy 7 ol p Koo S
2 T X o do . of ™ G o O
® = < 5 wm R T o W oo W N N mo A
o0 = T . g ; 12_.
s 1ﬂ&wnw7@mﬂoa%mg@@ﬁ@%
° = ® 20 o= Wﬂ@rP}Aoﬂ - D
o o R R TEXT oo % o
o Ex e og ol o ﬂﬂ(uxﬁaﬂ
) I S = MVW w A L]_i Mll 5 M . A W o Ao
w oL TR BE R N L )
) s — T oo ™ g Mo O — o
0 %0 L N ) = oo & O % T = W
E,.* E.E ) — . T X ,W- N %) o 0
° = g Ak BT oo *ox kB < W o
%0 5o~ 3 of ¥ w T "o Xy o
= REECER= IS % AN Wom
= ) < 8 5 aﬁﬂ@%%aﬁégm,ﬂmq&
- CAT R T B o i 7 o
° _,oTﬂ5meonmomo mﬂﬂ%?,ﬂ&ﬂw
L N~ S o ml WooR e ME o B B T o
— — AL . | —
RS DR RS RE S
o> o N 2 N Qﬂ HL X m o ~ = oms Tr )
o = 5 7 o = & = tmoi%_sax?ﬂ
~ B m go Wﬁ = N = = o k_w ™ L ~ o
— — - 0
wwwiAN@OQ%@QMMTJ?W
o ~ ™ Do ol o — o [ ! 1 ——
w 2o e g ¥ Boar o= ) c dofr T o 15
o o X & ol ~o .g B ol %o o =N
o il 1 &1 0 % oy o W o _,J e m = o- o B o B
z%ﬂmz1a41%@mm?%,@%
oy oS oy my .nl.m, ™ e Wl w5 B m = mAr i A o R T S
0 I~ N !
g Mg A X e oK B AN
=) oR K o



A2 H=8 A9

8= feEfrlotet Erjdlsog2 E8AQ A S ZA Bering Strait(BS)<}
Fram Strait(FS)E &3 i3 &3 oA el AdH o AZ4 =™ (Fig. 1-1) 42
FEo sYgo] d74 52 AdHoz dHo o} AdHoz Ae ¥}
S Holxuk A AA & FEEF 10%E AAstE A7 FdEH, 9
&S e T sEARE A HY ATHStein, 2008). HF=819 = HA
A e 1%(13x10  km?*) olstE  AAsHARE, WAL A AA Y
2.6%(9.5x10° km?*) 2 & o2 Yl (Jakobsson et al., 2003).

EIalo] djAE 2R=A2Z 3% (Lomonosov Ridge)S A2 3to] {f-2kAo}
A (Eurasia Basin)¢} ofwl2fA] o} &% (Amerasia Basin)® i€t} f-2kA|of
v}l = &) (Barents Sea), 7}elall(Kara Sea), ¥ H X3 (Laptev Sea)?| th&
B S5 add=rF Hsta k. ofdEirlel EX & s AIH o}l (East
Siberian Sea), X3 E 3| (Beaufort Sea), % %] 3ll(Chukchi Sea)®] ti& &3} 7yt
5384l =(Canadian Arctic Archipelago)”} H3-t}. felAlo} B4 = 712 & &
(Gakkel Ridge)S ZAAZ 3} oAl A (Amundsen Basin)®} WAl #X
(Nansen Basin)® A3ty ofgtalo}  #A&= da-wdgz =
(Alpha-Mendeleev Ridge complex)< 4 A= 7y} #%](Canada Basin)e} w7}
232 BX](Makarov Basin)® +& % H(Fig. 1-1).

= A

rr

Ay

21 553 A A9

S8 A AdL 2A diSe, tEAPE, uisd, A4 B, 28 e g
ow A9 Aunt &4, G4 BA, 2 oA 4= 3500~5500 m
Tl fAe= A A "ol sidet, umA EA= A AdsHer o

SAbA S AefA Fdol ok FU= o] Fo AU H=solA A A9
wEE WS 5025 10° km*(52.7%)= 7HE W HA S A sy
1506x10° km*(15.8%), AN AH L 1344x10° km?*(14.1%)¢] WHHS zZke=t)
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(Jakobsson et al., 2003). &5 Hi HAA7F 0~05% o4vtsty fyE WAk
(ice sheet) T+ WAtGceberg)ol ol&] IA=E & Jd+= 2 FZ(furrows, flutes
or lineations)®} SFAlS welA HPS o] F= WEHA 5 (morainic ridges)©]
waso] glow, AR I} tFil = FAE xRSl et (Polyak
et al., 2004, 2007; Svendsen et al., 2004; Jakobsson et al., 2008; Nissen et al.,
2013). WisAbA Sl Wit Ak 157 o] e® Hlad Fakn 539, s| ol

A A B geta Qi AEe Aol 55 olde] F@ AAEE 1wl

A wdnh Zb ey, dohe = o, aen wads Yol HE A
4 71%g olFv an %L BEUsh Bel tehd Ma e dFe mw
4 BEd AW o Fu vk, b AP LA Y] BT

[T
- T

=S|
T4 °F 1,000~1,500 m= HE 3= (300~1,000 mell Hl el B

N

SE8e Az 9 ddiE ES58E FASE oluEiAlof X9k A2kl o)
A IEAE R ¢ Q) ofHgkAlof FX]o] P AGx I
Grantz and Hart (2012)9] AFZ25FH A 2dA=Z 893 =

1) okdlgtAo} £ A9 3A &7l (rotational rifting)

oful gt of EA o] FAL Il Feprlotet Hul tiFo] Hadd mebA
of fiF9o AMEFEH AFEHAh oldd e ekl =71(9F 195 Ma)dl
Alzkste] Frebr] F71(160 Ma)7k+l A3 =0t A7l 2Rm2Z o 9 (Fig.
1-1, 2-1D3} oprlghAlo} &4 Frell ¢4 F3 ol sdT o JH= JPHAoH
WA X 3} (Mackenzie River Valley)e] 3F4 A& 3|4 = (rotational pole)

o dlo] @A ohulgiAlol e B4 AUTIE Faks We meA WAl



wepon Hse S4AthFg 21, Bgol APHE B 4 F
Bl gk -

th 5% 2Fe] Aol -7H(OCT, Ocean-Continent Transitional
Crust)e] A AT} ©o]F 1455~140 Ma 717t =<t Fetalof S E3H%

225° |-

/ \
i/ AIpha-MendeIee& Large
Igneous Provi ce

1809

195~160 Ma
i
T [ ] [ ] ™
Oceanic Alpha-Mendeleev Sedimentary Continental
crust Large Igneous basins crust
Province
— —— MR ERULTS O Roatation poles
Polarity ~ Seafloor i i Notmal .
chrons  spreading -i=- Strike-slip @ Stratigraphic tie points
axis —v—v~— Thrust

Fig. 2-1. Major geologic features of the Arctic Basin. Phase 1 spreading
opened the Amerasia Basin in the period of 195 Ma and 160 Ma. Phase 2
opening occurred during the mid-Early Cretaceous (about 135~127.5 Ma).
Modified from Grantz and Hart (2012).



74 165% Fig. 2-1)= 3|3 o= sto] A[AFe 3 A7) B a4 2ol
TAHor APH HEF-ddA WFer HA s Fo] T EH A Grantz

et al., 2011b).

2) otvlgAof £A19 &FF H du-ddY= P T

et 2-F7] ot LG opvEpAlof Ao & 7} o] F, 23 A&
5 Ma)ell 248t o] BAl A& =7 E7
b FrAbRE AHNAA] sh sh el HEoR Fete FASS wekA I
Haow 7E FAE OCTE #YstH FT4al=E dF 4 (Mid-Ocean Ridge
Basalt, MORB)°o] &4 ¥ tH(Grantz et al, 2011a, 2011b). @A} ofw] Ao}

Bxe] Hxo Ad AYr|Ee oFi vz #Ho] EAsy

=
12
N
P
N
°

19
—
w
N
)—l
L\D

u:)

ol B A T 27| Fe] EA AT 1275 MaclAl 89~835
Aol o8] AE P34 S (Large Igneous Province) &

2 % v 9} (Grantz and Hart, 2012; Grantz et al., 2011b).
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(Kristoffersen, 2000; Grantz and Hart, 2012) ¢} 56 Ma ©] 33 E 3h#o] 235
o] (Glebovsky et al, 2006) fetrlol A= HA3A
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200 m FAAAES Wakn Agerel AGAN FYHL AR ABFAA F
Qe F350 AEFE 24 200 m olae] £3L ek, 25 o R 4
i FE QMY #5890 @

E58 A5 E HARAd st &% S (Polar Mixed Layer, PML)¥ ¢
%< (halocline) &2 ¥tk PMLE igf 4 50 m7hA &3238k0 Ad =<
WA o diE=rt =2 dF(brine)E FA3h= TS olM(Macdonald and
Bewers, 1996) #%3(~200 m) HHE G si+E TS wset Mg s
7 B2 fddel webAd A" sfgok Aot WaEL dido] wobA
P4 (Jones, 2001). =39 EF T AWt oz ofuEfrjo} EA ol A
ANAWEEo 2 3l HHE 97 (Beaufort Gyre)®t FS(Fram Strait)ES 7 -
sho] AMg]ol EHoA Aoz w7l TPD(Transpolar Drift) =
e S8 Sl e vtee I 2S5V ¥ A E=(AO, Arctic

Oscillation)®ll &< we=th S8 250719 8ol volx= H5-(+A0)

(Proshutinsky and Johnson, 1997; Darby, 2001).

T °F 200~1,000 m oo sl Exst vlwA wEEgH05~47T)
199 F3(water mass)® A EH(Schlosser et al, 1995, Macdonald and
Bewers, 1996). S5 WHFE iAol 7193817 wiito] thA &3 (Atlantic
Layer, AL)o.= 4 th HiM G slos S52 FdEod b Bz
A&7b FolA PML ot 2 HAstA €k 538 oA dFe 4= FSE 4
frote]l fFaEs AF(mEEdt 19 AR afg)eh vl =l A FdEH= A
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o] ¢ 60%<°] FHE AA e HluA & AEE zZteth olgd ASTE o
MEFFH frASHA 2 A A WA o R F3ete Zlo® FAEAY
(Jones, 2001). T% H=3al A AT FiE S Ayt EA9 A5
F7F freprlol Aol ARt o wigsiH 58 dE EAdue AHolu
(Schlosser et al.,, 1995; Stein, 2008). o]e]gt A FF9] 7|dL2 oA %= A3 <&
HA A ekt AR, o] HA H2 dxe A %dA dete sFEREH ¥
AEAT shrldlE UF =2 3hs Holm glsFuioA A

(brine)7} 83 9aS & Aow FAHHAvH Aagaard et al., 1995).

7= 719 =32 A A sk 7] (glaciation), W 3}7](glacial stage), * 3F5-F|
7](deglaciation), ~L2] 12 7FH] 7] (interglacial stage) o & wWHEH T} Wsl7F AR
st A7l dard o ® dis W)t flalm A sk 5 El ol A
a W (sea ice)o] HEHET webA WFGolAs Wadel o X2 (Anh)zHg ol
FASHA dEtub el Ao webd B2 dY HAEo] e dd A
EAIH R FH5o A Alel(mass failure) =% 9 F(debris flow)e} A
g (turbidity current) #2 HAE TEF7F AT F ATHEAE 2, 2002).
ueb Wk st A HAE Wste Zafol R (sand) 9k A E(silt)
2 74" 7™ Antert EFe S (cobble)# A = (boulder)©] AR Bh=
WY E(glacial til)7F EEs oz rhdA W-sid HA=E dojdn

(IngOlfsson, 1985). W3l $-E 7] F71oll A ZE 712 dol7ke Aol 7]|3ks ¢
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5% 4ol += grounding zone(Y 2] 7149} 4w =7
T-Zholl A EFo] E#Felw Auzor 23 HAER AW WHA £E W
< P43 (Polyak et al, 2001) AlEZd b= Wabdddols P45

T (meltwater plume)ol ]3] 93] = %5 HH(Hesse et al., 1997, 1999;
A% 9, 2002). =3 el "ol u2 WAk carving iceberg) @t Al Al
At S7HE RHESkE WS SRS webA] Hland 29ek E A E(RD,
Ice-rafted debris)S Q@& FEstH A Wike] A Sol= s Ao thds 3
At z2E JAAZIHKellogg and Kellogg, 1988; Polyak et al., 2001, 2007;

A,
1%
%
ot

Jakobsson et al., 2008).

Al 471 F7] &3, H53= F71-57] Fdho] ~2E A (Middel-Late Pleistocene)
o} 7] ZeolA~EAN A dA(Holocene) AFol(eF 20 ka)oll 24 F F Ad ¢
st FHd 7] (Glacial Maximum)ZF S #1894t (Ehler and  Gibbard, 2007,
Nissen et al.,, 2013). Ehlers and Gibbard (2007)¢] ¥4+ F+ A#le] W3t FH o
Hdy] Eob Hdel dad WA WeE Bdsien 5 W Hodd)
Fot Wate] o] MY fFEA]oH(EAIS, Eurasia Ice Sheet), 1@ #H=(GIS,
Greenland Ice Sheet)9} ZHUTHLIS, Laurentide Ice Sheet)] t&FHFA F
AW A Adlgoret HAls FHFE EIek= H " 7] oH(Beringia) A 9ol A =
ol Ao EAstA Fdw Aoz Atetdtt. " 7]ol e Hate] WA
o] EA)atA Lkt olg s FA4S HrTl o]H Grosswald and Hughes (2002)
o] AFeA At LGM Al7]12] “Maximum Reconstruction Version” 7} 9]
Wehs oo R AA7EA ko] FHa vk ey FHE W 7]of A 3

H 2-kHz FH5Z7], FHFA &2y A=(12-kHz swath bathymetry and

il

sidescan sonar data), SBP A} & (sub-bottom profiles), 18] 3L o] EAHE A&

o] g3 ATENFE Wel HEEr] Fet g T]of A Ho] WA = WE

il

FEFe wokd Aew FAHH= A7 2ol AAEHL UtH(Jakobsson et al,

2010; Stein et al., 2010; Nissen et al., 2013).
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HAEAZ AT+E 3 g e HAE-eAd 9 e Ak high resolution subbottom
profiling)®= 1594 9 (2~12 kHz)E& AF&3tE=  Chirp SBP(subbottom
profilier) & ©]&3te] 3% At} Chirp SBP ©Al+= 1534 oo A wkAjgh

T A 4T AE5Es 2T TAHEC] EAANEGE 5, 2011), @9 2
==
T

u

G5 o] @ ARTAST wHe] v Bl T APEES 2= AnE A5

HH5H Bgol A LANE APVARYGAE ARAZY HAE 5, U
x

=4 5S FgHoew AFer] 9 F&I

S
1980; Damuth and Hayes, 1977). 3|3 %= HAF-ebAda ddo] A HAHELS A
FAZS TS HAEY et Sa&EEd Afstn HA =9 224 54

#3Z A% (bottom tophography)¥ 43¢ 7]sk8t4 " Z(subbottom geometry)E

ju s

3kod ok (Damuth, 1975, 1980; Damuth and Hayes, 1977; Lee et al., 2002). %3t

A WAt RN E F5H AEE AW or A 47] $U]Es A4

= —_

=5
ol
_\'i_]‘

i
X
o

o 54, gd ¥ HALES ol FAW XARE o8 F 9

tH(Damuth, 1975; Lee et al., 2002).
3.1.1 Chirp SBP &2 #=

Chirp 219 AHl= 2~10 kHzo &3 gS Aol R iAo A "EA}
" &3 F 2~10 kHzo] S9jodurs JEPs|A S8ttt o]gf st WAL 7
kH
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2 AT A B Aue 011dEdd FPE opeh 5
ATl obeh2(R/V ARAON)®| ateld e A sb kAl Al v E

A 2 3
Hxlo g “SBP120 Sub-bottom profiler’ 7} &2ke o] ¢ltl. SBP120 AH]l:= 25

~7 kHz® F3 S AHEsHY &5¥ A 5+= TOPAS raw data® 7] 55
i SEG-Y FHIE AFE k. & ATl AH8d AR A5E §AM

ot BB EAL Y ARE webs A HAS i FE-HA A -y =z
fE-sA ol JFe-HA SEH-HA QuisE%

3-1) TOPAS raw datag ©|v]X|s}sle] &8}

Y

off

To 2 3559 (Fig.

150'W

7

80°N A

‘h{ Neg \.‘ \’ 'i{s,?/v# s f7eN
SR o s
SO e
l h"% 76°N
. U M) ,

76°N

BNy »
it
N

A 74'N

74°N

72°N

70°N

180° 170'W T teow

Fig. 3-1. Physiographic map showing locations of gravity cores (dots) and
SBP trackline (solid line). AP, Arlis Plateau; CS, Chukchi Spur; CP, Chukchi
Plateau; CR, Chukchi Perched Rise; KT, Kucherov Terrace; MR, Mendeleev
Ridge; NR, Northwind Ridge. Bathymetric contours in meters. White solid
lines mark SBP prolfiles in Figs. 4-7 (a, b) and 4-8 (a, b).
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3.1.2 A TA B2A

A= A A5 A Gl Ueubes whAbat o] 5akeh A 54
(echo character)s T-#ste] BG4S EFdH. @G F75 dubd o
2 A EF(bottom)¥ 1 3HF-] 45 (sub-bottom)ol| Al YEFL}E HEALSLS] 5
AEZ FEH WAlg S H3A (clarity) B WA E, SHASA, dH, 2
Y ARE e EAZX FolE 7|0 =2 dh(Yoon et al, 1991). wpebA,

olf g B IYE EAs7] fsiAE vk e SEstA 54 FHE 7ss)

Fl

AeHe) RES FAF Fol 74 WAl 549 G4 A8 wBF A4S B

e E SR 5EAES 1970dd ol oAy AFAke] 9@ (Damuth
and Hayes, 1977; Damuth, 1980; Yoon et al., 1991; Lee et al., 2002) w3 ¥ o]
Sk Ame] AAA EAd o] &H o sttty oA EFE @IS AFA
o HWHko] I BEWLE AL, 7IE HAH A4 It AA Aol A
55 3o HAEY AREAS E3 Aozl At vugomA, ojyg 1L

%]

APE WA BYS ol HAZY JAEHA 48, HAE 24, H4@

~15 ton9 FAF<}
ok 12 ecm A4 F 3 m Zolo vl (barre) S AW 37/M7A ZAgste] A 9 m

dolz AF2 & =S AzEA. 2o F= Bk Wl 43 2ol m)9

%
d S8 FoJA|F7|(gravity corer)& oF
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Table 1. General information of gravity cores obtained during the 2011 ARAON
ARCTIC EXPEDITION.

Location Water
Date Station : -
Latitude Longitude depth (m)
01A 73° 37.8939' N 166" 30.9838' W 111
02. 08. 2011
01B 73° 38.0560' N 166" 30.3982' W 111
03. 08. 2011 02 74° 17.9645' N 167° 39.0330' W 320
03A 75° 06.4621' N 166 20.3337' W 423
04. 08. 2011
03B 75° 07.0293' N 166" 20.3360' W 455
16A 76° 24.1810' N 176° 01.7276' W 1815
08. 15. 2011
16B 76" 24.4804' N 175° 57.9817 W 1821
18A 76° 17.3045' N 167° 09.6639' W 435
08. 16. 2011
18B 76° 17.2266' N 167° 05.9684' W 409

K

Zepre AL AZE goluE Yol a4 HAZo| goly o] AFHES

Jom ol EAEo] mxurixA FEE  dholy  FHelHe o] 7HA-(core

catcher)7} &2l AEjell A AF7F FaAEHAT AF7F S45EH HAE Ase
= 70

15 mtAcw ddete] Bysta A Addd= wkglsto] vbo

b

A A48 Fo(archive core)® T-i3te] WHHE AL =] A AF
& Fof(working core)® A T AR AHYE=EA, €9 AEH ) AHE
Hodv 2 A= 1070 A T8 3o Tl AFH fASHS elsto]
01A(549 cm), 02(466 cm), 03A(248 cm), 16B(378 cm), 18]aL 18A(205 cm) A
Aol FE58 F 579 Zol HHE(Fig. 3-1)& ol &8 v 2 248 2

=
2) €9 &S ol &3 XA oln g

el A BHAES FASE YA Ai, FaE, AdSH A2 54, 19
a1 Az wEld ugget wsr7b yEeldti(Kenter and  Schlager, 1989
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EEAS AAsr] feid tiEF 5 go] HAE AIRE 10 cm AR FHe}
o A Ade AAMY dHE G2 A F A ZAR oF 30%9]

SRS ol §F F71E AAS AR AAE A% FHE A7 o] FAA

Sh
flo
Al
)
i
o
1
oX,
_0|L
rr
o
ki
=2,
=
i)
iR
kT
M
1%
o
1>

(o3

| gebA7] wZolth. A
HAES Hd 60 CE 7tgate] dxA1zl Fof EFW A (standard sieve)E ©]
43l 1o Aoz AAAA(dry sieving)S HAAPoew Ud HAES
Micromeritics Sedigraph 5000D #417] & o]&3dle] J=& HAsct 4 4
¥+= Folk and Ward (1957)¢] AF-ollAl AAg el LA HAE £,

3 % (sorting), 28] 312 H 3 Ft(mean value)S =Z3FAth

3.2.3 X-A1 o] A 3}

X-A olu A= HAE ek X-4d9 FaE wepd FFo] 7S o
A X-A ojm Aol YEtugE S99 A HAES WEel ¥t
% gth(Holyer et al, 1996). o8& o|njx|gt= EHAES £ o= A3t
gum BHATRE A7) 3 FFHOoR Wol] o] &EHIL
oyl vznaty HAES HAFRE EHsy] 93 F83 250l (Bouma,
1964; Holyer et al., 1996).

X-A oluz 3= =35t Q| =] HAES o 1 cm FA9 &=
AFAsAT. HAE 5o AA= FAVE A7 FAH XA oA sE 7]

Ager] wEolt. £9 A ok GAe AA 2 wiro] HAE]

ax

o
-
BN
il
[z

R

2

N

1=}
H
SE A A W= BAoE PEAeH 30x85x1.5 cm 7|9 HMAE ARG
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ol
)
I

il

B

o)

e

Gl
Ay

™

iz

il
el

% 22 AH(Philips) <]

)
=

b

XA

Fol X=2d ofmA|

°©

o] &

=

=

°F 1 mm FA° FL3 HolE
MPD 1830(X-A1 A}zl &< 7])
3.2.4 IRD $t=#

o
o3
;OU
23!
ol
HO
i)

712 |7t

]

A Al ZH(proxy )

7z 3}

=]
WAoo e 27 (>4 ) ol

LN

at7]oll A 7R

o

bl o9g dA =s)e) 7

]

Z o] tH(Stein, 2008). 2k}

A E(IRD, ice-rafted debris)S F+=2 H

A7) EH A= g 7]
= AbgHrh RD2)
FAvIE tha Aolk Yot 9

-
s

A

!

il

‘Dro
=y
-

FAIRE, X=A o] m Aol A 2

<)

H

yAO

\

3.25 7

=

I XA oAl A
2] T Z%(edding or cross-bedding), IRD 52

-

3

°©

A

b

wl
&

/K(—)] (Aﬂ

=

SR DU

- Z(bioturbation)
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sttt ol g e VIR Ao® (1) sfjA™e A I, ODH (2) HAH

3 = Zghske] Al
HAk AMEA A& B/ VTl WEY o|E2AoR F 9 FHO w©A I
= o] g Fado]
A= Ak

—H
A
L)
32
=
o
)
rlov
L
2
_1
2
k=)
ki)
Y
A
oX
%
;
i
o
ox
A
oz
=
il

1

et u At TAE vy FgsAY ok Sk (semi-prolonged) &l o] A Al U
Elur SHdEAdo] 53k A EE vhAL e} 1 SR 4 A mell A yERY
= U9 Fask Y vhAlar 54 o2 YERdTH(Fig. 4-1a). 3, F A O

Table 2. Classification scheme of the echo facies.

Type of seafloor topography Type of subbottom echo characters
Flat or smooth (widely) Several discrete and parallel
I undulating A | reflectors (laterally continuous or
discontinuous)

Hummocky, tightly undulating or B Random or fuzzy without discrete

Il reflectors

overlapping-hyperbolic .
Acoustically transparent (no

reflectors) above a distinct basal

Single or overlapping hyperbolic c boundary reflector; lens or wedge
Il | with highly-varying vertex shaped sediment masses with
elevations abrupt or gradual lateral

termination
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Table 3. Echo facies in the study area. References for interpretation cited in the text.

Echo facies Code Echo character Interpretation Occurr.
) ) Composite deposits consisting of
" Flat or smooth undulating bottom echoes with . i )
(a) (b) . . several units of hemipelagites Deep seafloor
discrete, parallel reflectors (a): dissected or scoured . ) L .
— 1A intercalated with turbidites or muds Chukchi

seafloor and subbottom echoes (b): laterally

continuous or discontinuous

from turbid meltwater plumes;

eroded by iceberg scouring

continental shelf

Flat or smooth undulating bottom echoes with o Northwest
IB Glacial till )
random or fuzzy subbottom reflectors Chukchi Spur
. . _ Chukchi Plateau
Hummocky, tight undulating or overlapping o .
. Glacial till: eroded by iceberg Upper
IIB  hyperbolae with random or fuzzy subbottom reflectors ) .
) ) scouring or currents continental slope
(a); highly dissected bottom echoes (b)
(200~900 m)
Hummocky, tight undulating or overlapping
hyperbolae with no subbottom reflectors (acoustically Kocherov
IIC  transparent) distinct basal boundary: lens or wedge Debrites Terrace
shaped sediment masses with abrupt or gradual later (continental slop)
termination
Single or overlapping hyperbolae with highly varying
m IMIIB  vertex elevations; random or fuzzy subbottom Eroded hard rock basement Chukchi Spur

reflectors
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Q
S’

2200m

2240m

2280m—

WATER DEPTH

2320m _L.

b) S N

20 o o T

—

WATER DEPTH

agom_L _____ NS SRR . S ST S - [ 55 '
Fig. 4-1. SBP profiles showing echo facies IA. (a) Type IA-1
echo shows laterally continuous and parallel subbottom
reflectors. (b) Type IA-2 echo is characterized by dissected or
scoured reflectors by iceberg plowing. For locations, see Fig.
4-7.

0

F% AFolMes T whAtae] SHdEgo] i EFste] BAE5A R U
Wle o 2 A olgld s 3 TolA Wi whAtakE Z3bsto] s A
HWo duw e 32 A o] YEideE SIS [A-22 v A wjitsH
2 2o gl BAdIAS JA-1072 EFeAHFig. 4-1a, b). v 54
[A-1& AalA 848 o]F& CR(2,200 m)e] AN wide]x s& st
A3 A L] AFA SR @ (slope—foot terrace; 1,800 m)oll Al $-Al3tA e}
o} tJ§HE #HslE= Kucherov Terrace(¢F 1,200 m)et = ol &

¢
B TP PR AN FAHoZ wAA

O

4.1.2 494 1B
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g4 v IBE gty
7t SHA R Y
Z 9Fte] F = (undulating)S H.ol7|% strh whHo| A5 HEALIle] SEEA S
HEAbE o] FEEHAl UEuA] ko #4ke o
HH(Fig. 4-2). olH g SAdRdS F2 FA o 400~450 m ol A k=
t}.

i
==
I\
r!I.
>
o
rlr
=
2
fu
2
rH
_O‘L
£l
ol
%
K
H
-z
2
o

A3 BEHe BN 92

e

4.1.3 &3¢ 1B
a4 B AAA o2 itse] =47 detds siAZS A E Kol
W oA EH] ol & m olste] =4 whAlgby HEHs B (hummocks) €]
HEAb 7 A A Uebdth(Fig. 4-3a). e, & ATl A Al sEsE IB-29] 4
Foll= 45 FAAX A4 WA ety AR 2ol = om o]k 22 V)&
ojuf &qtRe A AR FAYE ddulso] FRIfsHA #EE U (Fig.
4-3b). IB-1 &332 HA dFE, A=A E=d, 22 HA A} Zo] A
WA ke FAe fiAsteE AW F= ddExo] gtk E3, Kucherov
Terraceo] ¢ X sk= A H(800~1000 m)oll A& olejgt & mido] FA)ghel.
2% IB-1¢F 22, 9 200~400 m Ao A3t X
2= A5 Aol v A F3E o] YEpdy

ol

380m T E " T N A - g

AB O e

WATER DEPTH

460m _I ~ & ‘Li;;‘_‘_i‘;-;_n'ﬁffl_;_;
Fig. 4-2. SBP profile showing echo facies IB. Type IB echoe
shows smoothly undulating bottom echoes with fuzzy

sub-bottom reflectors. For location, see Fig. 4-8.
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.
Q
N

WATER DEPTH

320m

—

b)

200m

WATER DEPTH

240m _|
Fig. 4-3. SBP profiles showing echo facies IIB. (a) Type IIB-1
echo shows overlapping hummocks or hyperbolaec with slightly
varying vertex elevations. (b) Type IIB-2 echo is characterized

by highly dissected bottom echoes. For locations, see Fig. 4-7.
4.1.4 &334 1IC
ST ICE WF WA Qs S@erg o T Hiransparent) H 4 A
ks

o E4& WdTh(Fig. 4-4). el EEAboE

w7 e 549 moltd dwHowm A=y #y] Wz Jenju] ko
= oot on Eud wAS(Fig 444 T BabE B4 wAlnE %

stoh, RO ICE 2 CRY A% gl HAMH Y} Kucherov terraceol A &gk}
o Wgro] 9l AMA A AEA YERGT]
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1520m T i

.
1600m —
1680m —-=

1760m—

WATER DEPTH

1840m—

1920m _|
Fig. 4-4. SBP profile showing echo facies IIC. Type IIC echo
shows lens or wedge-shaped echo characters. For location, see
Fig. 4-8.
2 molu], AW ohehe] YR wATHE QAL RERAOZ WAL AEst
o Yehdth(Fig. 4-5). ol d &Aool YEh= a4 A ¢ |
BFAG el BEHoR dehy] A J1%e] qHF~F A m) o9

A A& = 2] -2, 1B, IIB-13} IIB-2, =L
Fa HIB7F B¢ oz B¥3v (Fig. 4-6). FFdoz 0~05°9 ¢utdk A}
of Ml Fedt HANE o] Fa Y HA gEHFHS o 4] 50~60 m *3H
A A diag s wol: eAdud [IB-1 ol &4
vebdth 54 o 60 moll A HA ZAXHEA YERYE
4-7(a, b)olAE F ZHolH Mz & s 1l

uu?

Aupake] WM3slE Fig.
o Fig. 4-69 #AlE F 4 FoA 5 F4L2 oF 100~380 m FH7HA]

49 AT WAE wolt VAN B/ $AeA Jene 2Hez
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400mT -~~~ """ TTTTTT T T TSI oI T T

440m -t

480m

520m

WATER DEPTH

560m

600m

640m BB Kl o b winl ol sl siadslsbl wnid unlaihd o old s a el
Fig. 4-5. SBP profile showing echo facies IIIB in the southern
part of the Chukchi Plateau.

ASR (A ok 330 m7t B4R el B TA-17h wese] gk 1
g A3 SA04 Brahe grEe] e IBE 4o U4 4goz

= Avd wATEE Holt eyuia

o
2
ofll
oX,
)
pay
[o
fr
o
o
it}
rr
dlo
o%
2
)
o

sow Sitel EEUARE wolt ©4W4 B/ Bran Auh $3 24
o SAME tha guka 224 Uit #% 249 sAqWs e v
B9 A8 7)%o] waEol gk wyvde] BE EH tha BiHom v
Uit 440 oF 170~300 m TRElAE ST IB-10] B SshA kol
gow naA e FA(FA 450~550 m)el A= AT [A-10] Beat AL
neAow F3HA Uehdth $3% 249 wyvide] Bxt fd o8 @4
B 04 $42 Rol: NB-27F £A84 i e@stdor FPE #4534 W
2}
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80°N

80°N

78°N

76°N

76°N

At 74N 1A-1
1A-1/1A-1
1A-1/11B-1
1A-2

1B

11B-1
11B-1/11B-1
11B-2
11B-2/11B-1
70N Ilc

1B

74°N 4

i

Clhulelli m@m@@l] ‘ .\_' Fh 7o
Shel?

18’0' 176'W - 160°'W
Fig. 4-6. Distribution of the echo facies. Refer to Table 3 for details of echo facies.

Slashed facies codes denote 2-storey sedimentary sequences (upper/lower).

= Mo A AT Re} TU} Y =(Fig. 4-6) Aol F+AFHA YEFYH

A e Ao HAd AHGFA ok 320 m)olA] o] gor AgHow

o WA ddEo] QIth(Fig. 4-7h). E3H = M= A E&Hdo 4d4%

TG 2F 400~550 m)d H ] A (524 oF 450~600 m)2] Fy-oll A B
=R

S Hole B4 MIB7F 84 o2 wds o] YehdthH(Fig. 4-7a).

rob

4.2.2 A A9} )& (Chukchi Perched Rise, CR)

A Aol g g9 AR "HAF AR whekd F2 oFHA iAo Fi
¢} 22 #(Chukchi Cap)elet & S4F (54 250~600 m)ell =55
HAHFig. 4-6). HA A& Fi= FAH R 7|9et e SeHA oA F
= devs @49 B7F Be o] Advk(Fig. 4-7a). A4S Wy S5

WFor ofBatul 4l o 2700 mAA ReAEH o TrelAE BTy

2

5] &=
9=
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=th 18y, Polyak et al. (2001) A+ 12-kHz &

nz
A
o
N
1
AN
g
N
>,
b

U x5 (12-kHz swath bathymetry and sidescan sonar data)Z%-E] X oA
o] 4l 300~400 mell YA et= A GolA thekg Av|et WS Hol= Wt
AT ddyo] glom HA gix] Fre] Hd 900 m FAMA va 3
oA JFEol Uetue IATxe IS JtEAY dud WY

-
97 ek HA e @AW e F3A deise F2 54 250300
m PRrlAE SRR FPE AT wAE THR [B-lo] weH ol
glom, #4 300~500 m FAE HwY W B be Ges 2o
Atk Fwo] Uehihs 43A WAtz FAE IB-1 §39 wasgel w
g¥)o] 91th(Fig. 4-8b).

4.2.3 AW g ols] ) FAHZ Kucherov Terrace(gH W2 37)

GAb S0 A Sl = Aol AR tiEARH (A 350~450 m)e FE
[IB-1 & @4 a74de] #Fxsta glor 4 °F 350 m Al s @A 34
B-17F "4 FJFHo] Yeurie gtk &AF S4S olgd AbdS uhehA

e = 7 34 25 4 oF 1,000 m AR7HA] W 7hH

He
.
i
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i
lo
ut
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MA-1/11B-1 11B-1/11B-1

100m

nB-1/ne-1
200m

300m |-
400m +--
500m |-
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300m T
400m
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BO0m {-—-
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+ 300m
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| 500m

Fig. 4-7. SBP profiles showing distribution of the echo facies from the Chukchi

locations, see Fig. 3-1.
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continental shelf to Chukchi Spur. For



- 400m

400m ]

600m 7 — 600m
800m 800m
1000m —+ 1000m
1200m - 1200m
1400m 1400m
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1800m-{ 1800m
2000m - 2000m
2200m 2200m
400 L _ _ _ _ _ ] L 2400m

800m

Fig. 4-8. SBP profiles showing distribution of the echo facies. For locations, see Fig 3-1.
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2 vy

r’l

Zdel A= 4 1,000 m o8 E IA-1 B sde] Exd T
A AP oF MA 179° A M (Fig. 4-6)lAFE 4 800 m7}A] EopAH,

100 m TRrell M= IIB-1 32 @4dstdol 2 weso] gl o]
g Ao FHo] wEH Ao AT FE wAdud IC7 A= e 47
Foz waso] yYebyn oF 4 1,800 m A HlA CRZA Wg7haA &
gl TA-10] B x o7 dtdbr o] et (Fig. 4-8a).

g

4.3 &4 9749 34

431 84974 1A
Mz HYPs TF L Y valgE HFEo] SAUS wal AAsEA &) A

AP S I 5 (drapping) st &< 9ulshd, UF Wkl el wde 9x "WE o+
2z

Al A BN E dFAEEY jAsFzY S5, dalAHY SolA ofek 2
2 Ak dAlulyE BaE A QleEd, 2 AEFU AT o8 mEel meet
Aol JAHE EHAAS A A3tH(Damuth and Hayes, 1977; Lee et al., 2002;
Yoon et al, 1991). 53] =29 olsja= AEY B2 Fo T4 A5 FA
g o whabake] Ak AT AeiAl= Ao w sfAd vtk (Damuth, 1978). &
Ak IBe HA E=5d Sl ZdHe yeuved F2 a5 EH7 Ft
e WEAZFo] A7l AA AEHH o efAFol| o3 HetstE Ao 5

ZRL

{0

Ol
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of = Wot=NH A4 H

olo] wth(Damuth, 1975, Damuth, 1978).
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4.3.4 &4 34 1IC

B
o

=

—_
file)

Tor

A

A F(debris flow)

o 2 34 " ch(Damuth, 1980; Damuth and Embley, 1981;

&4 5t

HA = A & ol

S

o
N

!
o

4

N

Lee et al, 2001).

(random)

(shear deformation)¥}

(¢}

Zol vkl

5 %

s

g,

123

Folth(Lee et al, 2002; &A1& <, 2002).

A

/‘\l_

3}

A}t o

B 2} A €]

(diffused echo)x= ¢<F

A EH(Yoon et al,, 1991).

-
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zone) & TE SPkeE 7Iwke] EqrA S siAL o] et doju= dH
At el Aoy dEY oA BaEa th(Damuth, 1978). dHH wakgl
7Igkeke] 9ol dwrHom v [AdA e 2 A4S WhabHo] glow
SabE A = FElgh 23 WhAbgivto]l 7] S H tH(Lee et al, 2002). sFA|RE, 7] Rk
o B AR EfF g 5, dE EW AFYEE skdd A B
grd 54, 239 Z(roppy structure)®t 22 849 s57Fx SOl o3 7H
Eo] &3] HHHH, o] 52 SHE ATAA W FAE FF ASE 7] 58t
= F9do] 2 5 Jvk(Damuth, 1980). et o} 74A] H A sfol A stikAI
shakeke]l EA7F By Abe b gl7] wiidel, ©d 9 MIBE 44 Wahy oy
kel ofa] HAE SAAY ) S wgste o2 FA T
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A5 B 4%

7] A

5.1.1 01AGC

A 1A 3o EAE2 59 73°38, A4 166°31 #| %
8 Aol & 549 cm® F5Hq oM, o] A9 g ud [A-10] FAISH
et (Fig. 5-1).

01A 3o} HAE x4 547 HYFxe dubdoz Fgg Wit yepy
2 gFetl FHAES AAZOE grayish olive green(5GY 3/2)¢ MAHS wWr}
ol HAEY Hit Y=e 9~10 o F= HE FHFET 80%)°] =2

TAHY, BEEE 12~1602 BH3ich AwEle 02~1 kPa o] W9 oA

o)
o
> _{}4
jutal
12
—
—
—
8
lo
=

oRtrel wWatE molA W, RN Rz sluA FAYoR I IS
BAthFig. 5-2). 01A F49) o] HAEE A4 Tol 24 #2% v 13

HAFz7F YElYA geth 72 A& 9] wdE F-Z(bioturbation)7t
2 9jZtH02~2 cm)o] YERU7|E  $Hh(Fig.
T2 Aol AolA SR 7FEA = (burrow) ] Z7]= Aol
1:!:]

MEE tha Fobdeh EE o 90 om HEE VEoR drw

il
o
B

T
M
a2
lo
t
u
k!
L

SE NW
:
E 100
-
a
Q
o
5 -
2 120 PSS

Fig. 5-1. SBP profile at the coring site 0lA. Box shows

approximative core depth. For core location, see Fig. 3-1.
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Culumnar ~ Facies ~ Color ~ IRDs  Graincontent(%)  Meansize (®) Sorting (@

t
e section U1 I 1 f ? ? w 12 1 % ?

Shear St. (kPa)
5 %2 %4 QS %8 i

e —

T I '

Shells

Shells

Shells

Shells

BM-1

400

450

500

549 | ) [Bmz p

T e

Fig. 5-2. Depth profile of core 01AGC showing columnar section, sediment color,
IRD content, texture, and shear strength. BM-1, bioturbated mud; BM-2, bioturbated
mud with IRDs.

7FHA olg g BEud 5SS X-A AR Al A ol FE 9o ® w=d o
= Aud 72 B il HHE Aol FEA S (pyritized)d HOE 4
gk HsH oF 520~540 cm APl A= tha EmkA N Bl ow Wy
(deform)¥ Hol= Fe7F YEur AEud 72 Aoz AA vepdo
3k o]y M= AHANA~3 mm)el W34E H A E(ice-rafted debris,
IRD)o] Hi# A o2 1 cm tEA0 2 3~57] 7} 29 (random) & #3¥3cH(Fig.

5-3b).

=

5.1.2 02GC
A5 02 2ol HAES 59 74°18, A4 167°39" A 4] & ol TeE o
= AMA FE EE AMF(EFA 320 m)e] Sl AIFHA S (Fig. 5-4) F
466 cm7} F5EHATH o] ML 1A-1 @I o] E¥sE Aoz 01A A
A3 frAbeke g ad IIB-27F 9 X[ o) FgHor xSt v
0~115 cm 77+& AA A o7 dark greenish gray(5GY 4/1) A4S wWr}

s
R
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(a) (89~101cm) (b) (538~541cm)

Fig. 5-3. Parts of X-radiographs and their line-drawings in the 01ACG. (a)
Pyrite filaments with shells; (b) fine-grained IRDs.

e

F QIEE 01-94 ol Gy WEZ TAH0 AAW 01A P HAE
o oAE gl WmA Brh B 13-21e2 BY w0l B,
3, 20~40 em FAAME el FiHoz v Bushl vhehdthFig. 5-5).
H47aE 01A 3o H48% A Fe@ 14 HAFE} e o

Jm

t}
Uehibth o] F7rel A RDS) e el SARSHA, oF 66
1

of EtHA R

~71 cm T3 79~81 cm T E 1 ecm HA o2 H ~1571¢] IRD7}
JzE o] vebdrh 100~115 ecm F3rol A= thAl AEwe] JE7F AlsAH
g5 Aoz wadd [{FHE(Fig. 5-6b)ol oJa] wgs o] 9l o] -3t
A AR o] Niks ARolA SR JFAA Zasts e ®Beld IRD
o Aees dF-E 2 mm H49 AHE 447 1 ecm PA o2 Fd 2~57] 4

L ¥ Hd 8 mme A4S 2t 2y YA e e gk
115~140 cm 7°%F2 A3 W37l b33 2& $o8 vephdrk 1156~120
cm: dark greenish gray(5GY 4/1); 120~127 cm: light olive gray(5Y 5/2); 127
~131 cm: dark greenish gray(5GY 4/1); 131~140 cm: moderate olive
brow(5Y 4/4). o] F-3te] H dE+= 9.0~9500H HEZ FAAHAY. E52

rr
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280

300

Water depth (m)

340 1 Loy e | 2km’

Fig. 5-4. SBP profile at the coring site 02. Box shows

approximative core depth. For core location, see Fig. 3-1.

2 = Holth o] Y HAFxE 7 7hed 3w FYvt

T2 dgrojglon REAHoR e Fo o3 ugEo] Atk 115~118 cm
Al 7 B (Fig. 5-6¢)% o] AT
AAA o2 Ferstw -4 ()37 A Utk IRDY #32+= 1156~
122 ecm el A 2 mm 2749 AHE A7 1 em FA o2 5~9707F F2E38}
M 4~8 mm 7 Bt =HI JAE= dF yedo. o]gg IRDY B FE=
133 cm A =74 g2 WEH7FA A ZFAasteE dEdS Holal 133 cm A R9 3}
o e A8 detuA &=

140~152 cm 3+ light olive gray(5Y 5/2) A4S W), Ht =t HAH
= 792 115~140 cm 77 fFAbsto S5 1.3~1.70 EFS B9
W SRR ZFEA vl o] FEsxith o] FitelA = FEg Fevh U
2

A dow b FHEHor ddd o o] umwso] yebdth 140~145

4
)
=)
[S—
w
D
!
—_
W
(0e)
(@)
8
1
)
=2
rr
dr
M
_lzi
HU

T AEEe] IRD7F 1 ecm HA o2 b 4708 Fx3sc) 143~144
em = IRD7F BEAew FHol Yepdr] s¥w sua Yepd ¢

152~160 cm T-3Fe] AGS oA sHE=E 7FHA] light olive brown(5Y
5/6)oll 4] dark greenish gray(5GY 4/1)= Ho]Z o & WM3alth o] F7+e] Hit ¢
T+ 90~97¢% YEYY, EFS 13~180% EIF3 Holr} o] fitdg = F

)
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23t IRDE &Qlstr] o9 sh5 AAHe] Felst HEH Ao Ud AV A
= olEt UdE At HEA A Alolol= dF Aol oaf g

Hol glown FEELS Ui FXH(wavy) Uil F=H3 A o] Q)
160~182 cm 17+ dark greenish gray(5GY 4/1)¢] A4S uw Hit J%=
= 9.0~91 ot} EF %5+ 16~180% &= Eg5S Ht o 37k HHF

AL HHAHOoR 1 ecm (o2 0~3708 23 170~174 cm ol = H
I 5~870¢] IRD7} &4 oz FFH o yehd}

182~189 c¢cm T+7H& grayish olive (10Y 4/2)¢ AMAS ®Helth Ht Jrs
10 em HA S 2 d% A7) ol g = gldoh 1Yy, X-Ad AR
A detds 299 AE Alas B o9, Aol Yeiue 7 fARE e R
ALY o] FRtel A= Augtzo)] o] FHALA o] EFe g 3
7b e o] Qv o3 Fele Wwsta FH st F5UF vha dA s

.

T-7re] AR AAHE AEudde] o thai wdEo] e whete] shE A A
2 Aeti 2 mm 27]9) IRD7F 34 o2 5 A 5ol 9]

189~200 cm T ol A sH5-= 7FAA moderate olive brown(5Y 4/4)
ol 5 dark greenish gray(5GY 4/1)= MAre] o7} vpebdoh Hir == 84
2 Hud AdEZE THEI YA HAHEE FAEY g 1902 B3 Hol
o} o] P FAL AEA F(F 3 cm)dl k> HAEA A03~05 cm)7t =
A4 asst F5g udg ek RDE YElUA e=th(Fig. 5-6d).

200~250 cm T-7FHE grayish olive(10Y 4/2)¢] MAS uw HiF Jrs= 84~
9.60%= o] FolxIth 230 cm A EE VIEOo R 4H= v

TAEY FHE AE Stgo] o dER FLAFECTH B

(g
flo

H]

El

Mo

=

o2 BEFEATE 230 cm ALEE V|Fo® SRR JPAA AUHor 5
Beolt} o] Frho] HATRE AAHoR HudTRE A Fedd = gl
=g Eo] wdxo] . Fgo EA4L 230 cm ALRE VFo®E UAh

Belth 200~230 cm TAFE 215 cm AEREE V| Fo R HAFHow vy

s
o

[o
=)

o,
il
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Culumnar  Facies ~ Color ~ [RDs  Graincontent(%)  Meansize(®) Sorting (®) Shear St. (kPa)
e section S A VA
o N N NN P
50 7 L
1007 BM-2 -g | | | |
150 ”“:Hi T
BM-2 :? <
200 e 4 - - 4 |
2504 ILM-2 ';
300- e 1 § . § i
350_ J— v, - _?
400_ TLM/HM —: - - - -
4501 f

e B

Fig. 5-5. Depth profile of core 02GC showing columnar section, sediment color, IRD
content, texture, and shear strength. BM-1, bioturbated mud; BM-2, bioturbated mud
with IRDs; ILM-2, indistinctly laminated (or layered) mud with IRDs; TLM/HM,
couplet of thinly laminated mud and homogeneous mud; DM-2, disorganized mud
(high IRD content).

13-2] (tangential laminae)”7} %-et= Wi om wdEo] v} o]yg Fel=
shim ezteA Fee e 57 dASHA gal ¢ wo] ottt
215 cm AEE 7IFoE A FANAE S Btk 230~250 cm 7-1H9
FEES 3ng (vh3Er7E FasA
IRDe] BX P42 230 cm A EE 7|Fo2 e
HIE JA7E 1~270 7FE YEyy shol A= 2~

lem P20 2 Hit 1~37/) 7V £33t gt

jiv
)
2
¥0,
N
ol
o
fr
)
2
e,
ol
_OL
iy

250~290 cm T-ZFS AA| A o F grayish olive(10Y 4/2)¢] MAo 2 o] Fo A
Ak AP Ee FHEw 230~250 cm R AR R SRR 7R AlE
AL B Ao or ozt o] 73ke] HA G X9 IRDO WstdS
230~250 cm TZFY FARSEA|RE She] @A 270~290 cm FREE A AHES
of s FiEAOE WHPE glom 53], 282~290 cm TiFe] FE|E°]

¢

o
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s

(a) (8~17 cm) (b) (102~111 cm)

(187~197 cm)

(114~123 cm)

v oo B e ey ey

i"b

(334~343 cm) (359~368 cm)

Fig. 5-6. Parts of X-radiographs and their line-drawings in the 02GC. (a)
Bioturbated mud with vertical bio-tubes; (b) Intensively bioturbated mud; (c)

indistinctly laminated mud; (d) wavy laminated silty mud layer; (e)
disorganized gravelly muddy sand; (f) upward thinning laminated silt-rich

mud with over-sized clast.

290~336 cm T+7Fe dark greenish gray(5GY 4/1)¢] MA+S W}, o+

9.3~9.9 = yelyr oF 300 cm AE=7EA] UE7tEA HES] gheFo] F7

T SRR PEAE AES F¥l ghdtt FL wolt BERE L
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15 o Welw veue Ase] el g Wit o Trre AmeTzs)

336~342 cm T3+e ¥ AH(disorganized)?] ZHZA A Eo] F 6 cm FAE
B A Eoldth. Mg Zhzbe] A E o] Aol wrgE o] WEEA st oY
ot @i = 0908 AU HAE fFPoR TEE oy HHES
°F 18%9] A& st 70%° Eote Ry dES Bt EuE 3 26
B 29S B o] 7oA

ot 22 HAT 2= UeuA] Fe=rh(Fig. 5-6e).
342~466 cm TAHE T o] tgd Mo RE FAETh 342~356 cm:
brownish gray(5YR 4/1); 356~402 cm: olive gray(5Y 3/2); 402~410 cm:
moderate olive brown(5Y 4/4)-light olive brown(5Y 5/6); 411~430 cm: dark
greenish gray(bGY 4/1); 430~453 cm: light olive brown(5Y 5/6)-grayish
blue(5BP 5/2); 453~466 cm: dark greenish gray(bGY 4/1). ¥+ J=+&= 75~8
o= Yeyr dEE Uz FAE AN AR A-ALE xFeh HEVL
0%l A B2 A5 60% o= AAEH = gtk 9 1~270%2 &AL

mf- =R Holuh o] FRbelM = dntHow Audgzrt dAEA gow

= AEgud, S, Hol-H94o] =

H

22 WA gkl THFig. 5-60. 342~353 cm Fre] e At Fejw of
B2 2ol F3A Uehue SRR buA Z3o] Al Ed oled %
Jr mAgEel o8 FEAoR W] Ueuin WIE: Sy suA
A&t IRDS BEFFL 350~366 cm T-3H7 393~396 cm THelA 1 em

Ao 5~1070e] dAZE EESHH tIFE 2 mm =718 AlEE Aol A 361

l-tl

oo
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cm AENA A 2 em AEQ 2 A7t vehr® ok (Fig. 5-6f). T3 9]

213 IRD= 72 AEZF S7% 5 ol devs 43S 123l

I 125~195 cm F3Fe] g 7F @ E BEA A 1 kPa o] wluwE =& oA
“=Ho] =4 H o (Fig. 5-5).
5.1.3 03AGC

A 3AT 59 75°06, A7 166°200 A el f1Ag so] S IIBe| g
Aut Jom o]Folx o FHEE eI [IA-17F AEE &SI 9l
th ao] HAE2 FH AP Ale A or w2 Ay AFdA AlFH AT
(Fig. 5-7).

0~44 cm T3t AA 23 A AFY AFS "ok 25 cmE VT oE
AR A Alde] Agor FAHEM(0~17 cm: moderate brown(5YR 3/4);
17~22 cm: grayish brown(bYR 3/2); 22~25cm: dark yellowish brown(10YR
4/2), 35 F7+S dark greenish gray(5GY 4/1)¢] MAFS uwl:= M Az
JETt o] kel A9t YJET 88~97 o URE HEZ FAHET 1ed
°F 20 cm A% Ftol A e ReEEo] 9% 7hrko] xFE ol glom, oF 35~44

cm TRHE 45%9] At 55% R7F aEgHE o] lth(Fig. 5-8). 2 H ks 14~

u

=

420

440

Water depth (m)

480 K
Fig. 5-7. SBP profile at the coring site 03A. Box shows

approximative core depth. For core location, see Fig. 3-1.
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Culumnar ~ Facies  Color IRDs  Graincontent(%)  Meansize () Sorting (@ Shear St. (kPa)

)
en section 0 01 020 4 6 0 2 fli ? ili 1|0 1 1| g ? i § 0|‘2 0i4 U'ﬁ UI,B i
0 = =

50

200

249 |

||

Fig. 5-8. Depth profile of core 03AGC showing columnar section, sediment color,
IRD content, texture, and shear strength. BM-2, bioturbated mud with IRDs; ILM-2,
indistinctly laminated (or layered) mud with IRDs; DM-1, disorganized mud (low
IRD content); DM-2, disorganized mud (high IRD content).

29 B2 =9 e vl =@elH Rgeh Ade] gFo]l =2 Aol Wi =
wS Btk o] Fzte] HAFxE FEvF EHA @ AugdFzrt
el 385 8] %314 (disconcordant)o]™ A e SEAAHE o]EH 0
m Tkl FHH oz 1 em HH2 2 2 mme FAHS zH= IRD7F 2~5

rot

A2 107 ool At FFE7IE gt ol g IRD

A3 1 cm FFo= 10~2070 7}
%93 IRD7} &3] el
Uoh(Fig. 5-9a). 53], IRD7} @o] B¥&t= 35~44 cm TMlA = AudTx

o
ME
ke
o2,
ox
rlo
_0|L
4 4o
ot
N
N
H)
)
b
3
ol\
N
)
_0|L
H
’l
”

2 Byt 9ggon 04~2 cm AEQ AHE 2k

rr

44~61 cm T3 58 cm AEE 7|+ o® AHE dark greenish gray(5GY
4/1)e] MAko 7 yelhy = light olive gray(5Y 5/2)¢] MAHS Wt} Hqf
AEE 9.0~960=2 UFE FEZ FAEY. EFET 14~1702 EF3E Hol
ok o] 7o) HAF = su|gk FElEe] WaHo dal FEE Ay

RDE W] ehth o] kol webyl St oy Ha = Fgds)
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light olive brown(5Y 5/6)

-

|=]
A=

=

o

N

o

JJJ
IH

—

0

H

ﬂn,wo

I+ medium dark gray(N4)=

ow FA4%HM s

A3

9l

S ogAw, X4 A

=2 AZtHEC 70 cm

g e

A}

o

b

o] 40%7}

o
;OD
W)
2

ol

o e8] WP

2 (Fig. 5-9b)H o] 3lom

e are)

Ze el 2~3 mm @74 IRD7} ®¥3ta 9tk

s, AL%

H 3
-

 3~5717}F

3

hy2

=

o]

=0
ST W

I

o

&

Ton

u

<M
)

o
ﬁo

(Fig. 5-9b).

o2 Y= medium dark gray(N4)=

}i-= dusky vellow green(5GY 5/2)&

S

N

o

T =

b sbuA e

1

5|

bRE sbEA

S

1.6~2.00% e Ui B

=]
o}, B e+

b

7
Nlo

o

Ton

o

o

dEol e, 70 cm A=A =t

]

N
il
il

=
o

o}

N

o
E!

i
il

)

_50
G

—_
fife)

o

N

4

ol
0

)
!

ool 4

9

A& o= ehdth(Fig. 5-9).

3=t} IRD9

72 cm TPl A 2~3 mme] Al"EA U7 1 em FH o= 370 T}

2371

A

15

TC
TR

3 gkol

o] i

i;v/]L:_
=

©

=] HLP’

i

o

A7 1) epd,

AN
A

F 5 mm?9]
83~140 cm 7+ dark greenish gray(5GY 4/1)¢]

76~890=2 Y} (DAEYZ A Hr

o™ 79 cm A=A

JJ)
M

—

0

i3

ﬁo

AL )

i=]
=

1.7~32¢ =

N
50

)

&+
4

)

of wel 5% Fzadv. A= 83~90 cm 77

I

ol

=]
T

A}

iy

il

ol

hyA
-

2 mm 2719 AEd AA7F 1 em HH o= 1~37] 713 &

-
1
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em 7bge] WA 29 4A7F 4 vk 90~110 em 73
A wolE Zert weksel drh 100 cm AEE JFoE
Zo| o8] AR wFe] vehbe] SRz 2= AsA meHe] U
Ebdth(Fig. 5-9d). 110~140 em 7%+& tha W zshHel sh 49

thoo] 779 HAFxEE HAAH(110~115 cm) TREolA Audrzed o
il

E4ol =Fd SY7F 2EH dloy R daes JxHgos FEvt

rr

ra

=]
Ao

ol

= AtHFig. 5-9d). 90~110 cm F3rellA+= 2 mm F7Adel AHA A7)

1 cm HE2o 2 At 4~67] A= X3 93 cm A=A FH| 1370 744

Ebth 110~140 ecm 7ol A= 130 cm AR E 7|F20 % [RD7F 718k 44
}‘

0

2 2495 2 mm A4 AEd JdAY = dadu v ddgiger x
AAH4~6 mm)e] F+= F7FstH H 1 ecm A4S Ze A= 45 vHedt
(Fig. 5-9e).

140~165 cm T7F2 medium bluish gray(5B 5/1)¢] AAto =2 FAHCT it
AE+ 8.0~83 & 83~140 cm F{HHEUE FUdoz AgsH (PAEY=RE
o] FolXth EH s 27~290% vy B otk o] ko HAST = F
23 2 YA Zon Mudtxs A9 vehuA &a IRD7F B3 4

o7 BRI B3] 144~146 cm T 7olAd 2~4 mme AAE e JAE)

|

165~200 cm T-7+8 dark greenish gray(5GY 4/1)¢] MAFS Wt} Hi Jn
i 82~94¢0lH AAA R HER o|Folx] vt o 73t HAFI= AN
o apitell A tha sEEA FEsF vEbdthes S AlQsta 150~165 cm T3t
7 FAF8Ch IRD] REGALS 165~173 cm FRFelA 2 mm A9 dA} 1
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Fig. 5-9. Parts of X-radiographs and their line-drawings in the 03AGC. (a)

Over-sized clasts with sharp lower boundary; (b) cross-laminated silty mud,

(c) indistinctly laminated mud with slightly sharp middle boundary; (d)
crudely layered and bioturbated sandy mud; (e) disorganized sandy mud with

slightly disconcordant boundary; (f) wedge-shaped IRDs.

cm AR 20700l M 1078 71 dEbv=d stR R das Aashs Wk
& HEAth

200~249 cm T7FE 230 cm A EE 7o 2 HH+E YA medium bluish

- 44 -



gray(5B 5/1)¢] A& wlw 3F4 = dark greenish gray(5GY 4/1)¢] MAS H
Aot Stom FREE HAE M= @], X-A AR AHelE FEE 4
A7 gAEx gt Hit dEE 90~94 Z FE-2 45E A A A
o g HAER FAECD. BHEv 16~180% EFstn QJEwste] ulebA
FRE A4E vud FIIAE FFS Helrh HA FERE 1656~200 cm T
23t 79 FAsY IRDE o4 HE AEE dAC mm)el FE 1 em HAHo=

X

Yt 2~47) AE=ZR 7+43%+= SALS woltt
AW e 0~35 cm T2 033~061 kPa WA= S92 UM 7Asy]

35 cmoll A 55 cm A X(0.78 kPa)7}A] WH 245 tA] F7tetes F4S Bl
55~249 cm TRl A e HiEHog fHaol ZUME HHESIA R ANy

o7 Rz JhAA ZFrheteE S Helth(Fig. 5-8).

5.1.4 16BGC

A7 16B= 59 76°24°, A7 175°658 A" +4 1821 m Al A= dde]
Ao Fsd ApAsE @ (slope-foot terrace)oll 9% gt} o] Ao A}
Ao ARarAo A IIC7F $-A13tH CR(Chukchi perched rise)® 7FAA IA-14-

o

de] Bguigel RE @k ;o] HAEL A 153 STl B¥a: A

oA F 378 cm Aeol® f5HAtH(Fig. 5-10).

Water depth (m)
®
=S
o

1880

1920
Fig. 5-10. SBP profile at the coring site 16B. Box shows

approximative core depth. For core location, see Fig. 3-1.
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0~5 ecm 77 moderate brown(5YR 3/4)¢] MAS dr}, HHF YJ=s=
2 Z2AEY AR vyt FI(F 7%)Ho] YA, AnH o HER .
S5ttt B xR FEe 7t glo] AudtRrr $-
AstAl dEEo] lom st A= EE A (mottled) o™ 3w stth IRDe] +
I=h=]
T m

m A7 AHd A7 BE3AL dom 1 em (HH S

2

rob

2~

2 3+t 3070 7t veEbd o (Fig 5-12a).

5~62 cm -7+ light olive gray(hY 5/2)¢] MAto = FAHAT A YPes
97~99¢0l HEZ FAHHANG(Fig. 5-11). 52 1.0~130= E&Fs}A 1 0~5
cm T-3roll Hlste] Al a5 Aol HAGERE AAAoR Audxrvt
FAlstH FEFow suE FelEo] YEUr| e ok Audatxe] 542 4
F(5~10 cm)ell A Bulghzel o) d5A slow AR ghe Ho] FAAoR
e Eo] vk Hgh 2~4 mm A7]9] #ZpAo] 25~28 em Tl A ] E o
et IRD= WEbA] &=t (Fig 5-12h).

62~74 cm T7H> 66 cm A EE 7|02 AE= light olive gray(5Y 5/2)9
AMAS Bolw 3FHE dark yellowish brown(10YR 4/2)¢] A4S wr) Hit
T 792 YERY B2 gheFo] oF 20% o]l AHEYU R FA " H(Fig. 5-11).
o] kel HAFxE Tl SEvt #eEo] A @a #e Fo o8| ek
SHAl wekEof vk IRDE] o= sh-2 7M. Fobsks e 2otk IRD
o] z7] W= oF 62~67 cm TRl A 2~
ZstH 67~74 cm T-ZFelA 1~3 mm A4 FAISHA ey A
°fF 5~8 mm A4 Y%= dEpdth HFHoR 2~4 mme YA 1 em 7
Zo g Hyt 30~407] 71 XS cH(Fig. 5-12¢).

74~93 cm T3S E-E dark yellowish brown(10YR 4/2)¢] AA+S- = &)
~83 cm 7ol AR 2 o & moderate yellowish brown(10YR 5/4)¢] MAao =
HolE Helt) o] #3e HF Y%=+ 89~920= ZHEHAUL 83 cm HEE 7]

X

A ol £ 29 AR welT 8o oFe T

o
8

=

Sy
o
filo
AL
rr
ins
>
N
N
fr
Mo

lo
hinss
D)
N
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gy FREC 98 w@Eo] yeidth IRDO EXE= o] 3k el A9
R A gtk 28y 91~93 em FREel Al 2 mm A1 o] wlaA Al g e 9k
7F 1 em (HAS=E 3~57] B X381 5 mm A= ZHS Jx7F 271 74=F
LHERTE

93~116 cm T 100 cm AEE 7[F2o = AH+ moderate brown(5YR
3/4)e] WM& wm SHE= grayish brown(5YR 3/2)9] A4S Btk Hit ¢
C 89~97 & styE JhHA Ry gheko] A% FrlskAIRE ARt o R HE
2 FAEY S ke 15~230% R kel et B FHE Belth
of 7ol HAF = Fel7l TaEo] A &, vefe Aviet duE 2
= Y JFHoz was o Qv IRDE X ¢S dFE 2 mm 27 9
AHE A= Yetuy sty 7HHA S71s
TN A = HdHoZ 1 cm (HHFoE 2~137)2
30~6070 = B o] et

116~132 cm 73+ 123 cm AEE 7|22 A%+ grayish brown(5YR
3/2)9] Ao g FAET 4= light olive gray(5Y 5/2)¢] AMAS Wl Hf
PE+= 98~99¢% YEIUYY HEZ FAHAY. EFE= 1.1~120 =3k o
TRrEel Bls] Fagk Holu o] 73He HAT = HekroA ta FEE
ol smetA YEtuAIw, dA Ao R g Aol ol o) gy o] yEht
H IRD+= Q1% A k=t

132~252 cm 73F2 AAA o2 8B AYS wm FEAow Wl &
S Heolth 132~152 cm: light olive gray(5Y 5/2); 152~198 cm: grayish
olive(10Y 4/2); 198~252 cm: olive gray(5Y 3/2)¢} dusky yellow green(5GY
5/2)). Hit A=t AAHoR 96~99¢= YElUY HEZ AL BFEE

rr

= —|—'
rr
0%
oz,
o
T
[40
=
O
w
{
—
-
J
o
8
-

ok

il

12~130=% =3 "oty HA Fx= F=2 FTgso] dEHf oy dF
Aauggzel ofs] WMPH e Foh o7t el A ®stet I SA=

of thsl vehdth 132~152 em e Aestn AAsA 48 FY S0
dEhte 9% 4E Bl o8 masle] g $Fe) WM g BT H Kol
o M 1~4 mm)(Fig. 5-12d). 152~205 cm +7F HAH(152~155 cm)
N AR AAE Fesk vehbe] S gk whEe sk SvisA F4s o] gk

_

|

ol}lr

4ov

N
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orting (®) Shear St. (kPa)

Culumnar ~ Facies  Color IRDs  Graincontent(%)  Meansize (®) Sorti
AERRAERAN AR

em section 0 50 100 0 20 4 6 10 2 4 6 8 101

P N T TR O i
BM-1

50 TV

BM-2 =

BM-1

BM-2

150

ILM-1

200+

KL R
378 fE==E  [BM-2

||

Gravel Sand  Sit  Clay

Fig. 5-11. Depth profile of core 16BGC showing columnar section, sediment color,
IRD content, texture, and shear strength. BM-2, bioturbated mud with IRDs; ILM-I,
indistinctly laminated (or layered) mud; TLM/HM, couplet of thinly laminated mud

and homogeneous mud.

-~

ol gt Feo TF Z& Fe] AL EqfFR Aol fa gk AudFxv}
XA AR el oA UEbdth(Fig. 5-12e). 205~252 cm -39 SEEL &
gHom AstA WP Yty Sl SHdAEKge] =@sith E3, S5
AAl W ErER Aol AN w MG o WEFEI|E Strh o] FZholA
IRD= #HQls A =1t

252~259 cm T3+ moderate olive brown(5Y 4/4)¢] A& HQlt} o] 3t

o BT PEE A% B4 Yol mel A% ge EARA wrh AW, X-
A A2 el vad o8 29 ot Aow wol AE Fdol tha ¥
e Aoz Az o Tie HATEE nAGEe s thi wEso] A

(2
i1t
[
N
)
ol
I
ro
O[Nv
i
X
Hrt
N
N
ol
I
rol

o] oA FEHY Y AolE ti
259~275 cm T3t 263 cm AEE 7S 2 light olive brown(5Y 5/6)°l 4]
dark yellowish brown(10YR 4/2)2 A’Jo] Holdt}, o] F3ke] Hit Y=+ 96

2 FAHM FAEZ FAETY 29 Ev 1.3~1708 S Holn aF=E &
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(19~29 cm)

(133~143 cm)

Fig. 5-12. Parts of X-radiographs and their line-drawings in the 16BGC. (a)
Bioturbated mud with IRDs; (b) horizontal burrows and shell fragments; (c)
lots of IRDs with some burrows; (d) indistinctly laminae with variable
thickness; (e) indistinct laminae deformed by burrows; (f) strongly deformed

couplets of silty mud layer and silt-depleted mud layer.
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A
of MEd dA=E FAHEM 4~6 mm A & JAE dF YERIT 268 cm
AEE 7|2 FFE 2 mm 2749 AEd gAtEe] 1 cm HHo= F

fYor oFolurh BFe

2 H4=
2202 vl¢- E3 Holt} olgjd Y A= 280 cm A EE VFoR

. T
EfubA] erom thekgk A7) Zo oef mehE o] yEhdt IRDO XS =
NEE 7IFoR st s beuA gon 4= 2 mm H7e

PA7E 275~278 cm FFOlA 1 em (HA SR At 157] b EESH 278~
280 cm TFRFol M= At 6070 ThEE S ko

290~297 cm T7HE grayish olive(10Y 4/2)9] A& o] &t} Hit Y= 6.3
~949% SR AWA o AdUR FAEY. EuS B o] Ukl
ek wjg- B A EEEiE 24~3.000Th o] ko] HAH %
ek AAe] FElet R ol 37%c01dR] AU el YHEE 4
1 a3 & YHEuEol FAEel vedy dRels Sl Qudgx
IRD= YEbHA]

297~357 cm TRF2 327 cm AR E VISR AHE 2 AdE AT

»

(297~306 cm: light olive brown(5Y 5/6); 306~315 cm: moderate brown(5YR
3/4); 315~327 cm: light olive brown(5Y 5/6)), dt%+= light olive gray(5Y 5/2)
o] Ade Hlv A2 A9 wekE Bl FHit i=s dAHeR 91

~99¢0% SAHHY i FEZ FAEY B2 11~21¢9°9 315 cm A=
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sl mstel ARk B RIS of Te] HATRE T

=
7 s oA Gom gt Aarieh FHE e =l o) wEEo] i
=

=g
Bl wghe] Axs= F oderate brown(5YR 3/4)2] AAS Hol= 306~

m
315 cm TRl A - AE wEEE Holw AstiRE VWA we=rh AT
th 53] 315 cm AR5 VIEo® SRR VA iy dudg e FEA
o8 wrdxo] veidrh IRDS X FAd2 315 cm A EE Vo R sHel=
71e] dehA gow A= 2 mm A79 47 1 em HA R 37 WA B
A= 1278 74A debd e

357~378 cm T3t 365 cm AEE 7|F o2 oA moderate brown(5YR
3/4)¢] AMAS ww SRR 7FHA light olive brown(5Y 5/6)¢] Ao 2 7 7l A
91 W3lE welt o] 337 FHFAEE 94~98 2 SAHIH HE WA AL
U= F49n AU Agdes did AEZ FAEAY, 2 mmo] AHd
IRDES d&go= FHAE Fdd 9IS & o= A7 232 1.2~19¢
2 Eet Holw IRDE aFed wel Eao] gefA e ZoR Holt o 1t
o HA Fx+ 297~357 cm 7-7H} FAbskH SRR Sele S EA
BE kst 379 dEE zke Audgzd e we@Eo] Qth 59,
moderate brown(5YR 3/4)¢] A& w= AH Fxbo] AstA ndEo] 9lon
shi-= Zdas wetErE gAdts s Btk IRDO #¥ A4S 357~373
cm TRFlA 2 mm A7AES] AEA YA lem
Lxst diEf 2 cme] A4S e 294

Aetglo] Wals 022~1 kPa oo Rz 7
U, 8 cm AE9 295 cm AEolA 1 kPa ©]9 =2 Fol YEldtH(Fig.
5-11).
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5.1.5 18AGC

AH 18AE H9 76°17, A7 167°10° #| e 4] 435 m A=A HA| A
(Chukchi Plateaw)®} A%+ #Hx =Zd(Chukchi Spur)ol] 91Xt} Al a9}
do] BExE F2 A EFU9 AMde] Hs= CR(Chukchi Perched Rise)®

o

7FaA TA-1 Fdo] AsiAE HA e WHoeR 7 1B ' 9ol

o
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400

440

Water depth (m)

480 P9

Fig. 5-13. SBP profile at the coring site 18A. Box shows
approximative core depth. For core location, see Fig. 3-1.

LT 18A AH ] ol BT IB7F EX5te HA EFdiolA A
me] ZHolZ o] EAHEZFo] §5AUHFig. 5-13).

7FE& moderate brown(bYR 3/4)¢] Mo =2 FAETH(Fig. 5-14).

o] Frre] Wit YEE 76 = UEhdel (hAAUE FAHG o FkA ¥

o
{
)
o
3
S

cm T-ZFoll A 28 cm AIEE 7|Fo® AEE grayish olive(10Y 4/2)¢] A Ato]

2 dusky yellow green(5GY 5/2)9] Mgo= A
ol H3H(37~39 cm) T-7+S medium gray(N5)e] AMAHS Wt} o] -7k
B es 7.2~900%2 YERUH g (DHAEYR AT 22y 37~39

cm TR = Bl wek FAA FGE g0 ¢ ogloy XAl A
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orting (<D) Shear St. (kPa)

Culumnar ~ Facies  Color IRDs  Graincontent(%)  Meansze () Sorti
}gl} 0 02 04 06 0§ K

cm i ,)
(0)—??0“% _U Gl 100<_ 04 8 010 .ﬁ.?.?.wlw . 2 0406 08
BM-2
=— TLM/HM
S0 4= BM-2 I3
ILM-2

Shells

BM-1

B e

Fig. 5-14. Depth profile of core 18AGC showing columnar section, sediment color,
IRD content, texture, and shear strength. BM-1, bioturbated mud; BM-2, bioturbated
mud with IRDs; ILM-2, indistinctly laminated (or layered) mud with IRDs;
TLM/HM, couplet of thinly laminated mud and homogeneous mud.

FogaE Audgzd o wdd o= Hlth IRDE WX FFS
mm 274 APE A7 1 em HA o2 Ft 207 7HF FESHH F
3~4 mm A7 a4 £HI JAE YEdr 539], 37~39 cm 7R oS
& 2719 =HE A7 FRA R JFTHo UEdH 1 cm (HH 2= 80~200
A 7rEEe] AR JEA oz HAEH Atk(Fig. 5-15b).

39~48 cm T7F& grayish olive(10Y 4/2)¢] Mo s FAHRT HAYJLEE
6.0~72 = Yetuy A YAAL 33 AMEY e s R
~3.00% W EFsirh o] e HA Fxe AAA R FEE AAUS B
olm ARAAWE tha 2o o] oa] watdEth urEgE pAE UAA =3

—

i,
i)
ML
il
rlo
\\]
©

Al A GAbA el Ay Y
IRD®] ¥+ 2 mm #7429 Add A= EAHA] o™ 4 mm ©]7d9] 47
S 2t AATE 20 T R XS

48~87 cm T2 AA T 7HA] Age= FAETE dark  yellowish
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Fig. 5-15. Parts of X-radiographs and their line-drawings in the 18AGC. (a)

Indistinctly laminated mud layer; (b) horizontally concentrated IRDs and
couplets of muddy sand layer and mud; (¢) laminae blurred by bioturbation;

(d) dendritic structures of pyritized burrows.

brown(10YR 5/4)¢} dusky vyellow green(5GY 5/2). A2aFe] W3} AL 55 cm
VEo g AEE 4 AdE FAHY S dusky yellow greene] A
Hj7d o2 dark yellowsh brown®] 2Alo] =
% 84~93 oM EIYE thi I3 FE=R
HarE 2o gFe 2~11%%E it B4
15~240= 352 Z55 vlud st 472 AR JudT

27k A%H0] Yehdth 9@ 54L 5 cm ARE JFow 4

o>,
k1
i

\

O>'
o

[

o M
o4 ™
ox
i,
=
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(@]
8
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=
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2 71Foz YA o o o o3 wdEHIT 2~5 mme AE =
| ZtH o] vrERHTE IRDO] # XSS 48~55 cm FRFol A EH 2~5 mm A7

of AATF 2~47 ThE ZESIH SR deE Ao YEbA e

87~205 cm T3+ AA A 22 medium bluish gray(5B 5/1)9] Aoz 4
Hrh o] 77k Hit YEE 88~93 2 FAHATE o] F1o HAES FE A
EZ FAHEY EF2 15~17¢2 EFS Holth, 4= 4] 4 42
g Yehvs ko] SR ARE F2 GEAstE it o8 d s e A
o2 AzZEd. o] e HATxz= Fd7F glo]l e &l o agtE o
gtk tE H4 FxoE gy ogd HudTrE X-A AL A &odo
w5 ol w Al vEtue gEAstd Aow AzEu. dudgxze] S I
© FAe FH(Fig. 5-14d) = Augdsx7F 23] Yeus 43S Kol
stz ZhA S4dge] dER ol AAH YEhrIE ok o] ikl A
IRD= ¥4 &+

A= e] W= 0~20 em F7FA 0.18~0.69 kPaZ® F7hete A& Hol
50 cm AE7FA] SR 7FAEA] 048 kPall oz vrolxe AIdS Bt
Rem 100 cm
Aol A 089 kPa® A o= v gho] A=A H(Fig. 5-14).

60 cm A Eol A FEZ 242 | kPa oAt AuEo] =3

i
b

7 #olo] e dx, IRD &%, el X-A AelA veuyE H33xE
NEo R st 7 A7 gidAgedAME ZA 5 TR HAMS BF
(Table 4): #2 Y@HM), #xd UBM), dng =g YILM), @37 /A
(TLM), 18]a ¥z A Y((DM). &7 HAJS HA 7z gA59 Hdy

¢

& et A wedste] Ay H44bd: RDE £A) o] ol we} ;= Hof
e

e HAY-12 gPsm EARA 2=



Table 4. Sedimentary facies of the core sediments in the

Chukchi Sea.

Facies

Description

Depositional process

Bioturbated
mud

Poorly sorted mud intensely disturbed
by bioturbation; primary structure
absent except for diffuse banding or
layering; facies thickness variable;
facies boundaries poorly defined and
irregular

Hemipelagic sedimentation;
contour current (Stanley
and Maldonado, 1981;
Chough and Hesse, 1985)

Bioturbated

mud with
IRDs

Very pooly sorted and bioturbated:
coarse-grained angular clasts randomly
scattered in fine matrix without
internal organization

Hemipelagic sedimentation
affected by floating ice
(sea ice and/or iceberg)

Indistinctly-
layered mud

Poorly sorted mud exhibiting indistinct
and discontinuous layering and
discontinuous trains of horizontally
oriented coarse grains: thickness
variable; bioturbation common; facies
boundaries sharp or gradational

Contour current, tail of
turbidity current (Stow
and Holbrook, 1984: Yoon
and Chough, 1993) or
plumites (Hesse et al.,
1997, 1999)

Downslope bottom current
with high sediment fallout
rate (Yoon et al., 1991)

Thinly-
laminated
mud/
homogeneous
mud couplet

Mud couplet of a thin silt layer and the
overlying clay layer; lower silt layer
showing thin parallel to cross
lamination, ranging in thickness from a
few mm to more than a decimeters;
lamination recognized by alternation of
thin silt-rich and clay-rich mud
laminae and occasionally normally
graded by upward decrease in silt
content; overlying homogeneous mud
layer consisting of relatively
well-sorted, clay-size particles, ranging
in thickness less than 5 cm; common
bioturbation especially in the upper
homogeneous layer

Fine-grained turbidity
current (Piper, 1978; Stow
and Shanmugam, 1980;
Chough, 1984; Hill, 1984)

Subglacial meltwater
stream

(Yoon et al, 2001)

Disorganized
mud

Very poorly sorted; ungraded and
massive gravelly muddy sand; absence
of bioturbation

Settling down from
dumping or rapid melting
iceberg and from ice shelf
(Yoon et al., 2001)

= HAg-22 gHste] AlEstetidt

5.2.1 ¥ Y (homogeneous mud, HM)
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EY
i

U H4E Wl AwaTas 0 sl 14 Y72 A

94 gt X-4 AL AelAE oldd BAge vnd wa #AE 9

o ¥ ol
i
55!

l-n
il

}-

ste] FA = kAl WEbdtH(Fig. 5-6f, 5-156b). 53], & Y FHALS Ald E=
AEA B3 elo wos A3 olF= A5t e di
4/1; 5Y 3/2; 5Y 4/4; 5YR 4/1; 10Y 4/2)& drh.

= olFHd Algel sl AoluA oA A
FAE Aom Holn 53], AEd os wad 77 AvHow u

g Holw, B AAF= dolHoAY Ewgstal FHEHCE 2 cm °]

o
O

U A ¢+= Ao Hol MYAE A e (fine—grained turbidity current)ol] 2] 3&|
AEE HAEE olsxHtrt w43 HAH Ao &A@ (Piper, 1978; Stow

and Shanmugam, 1980). -, A&7l 93t o=z s|ax = vt E 4439

(
Kb}

AR dudon PAee] o 2

, U= < T
& (flocculation)o] WAL} o]l st A2 HES HAHZLEE 7rslsio] AE
o] HAL&E} F AolE HolA A st HES HEVL 7 HAE o T4

Hage nrHow Hud 7t AAHE AW, T Fa
@13 B4 7ast JEuA gn dndon 3uae Agad £42 xie

itk AE Bl o)) FAE F(burrow)e] 7l FFHL w9 cheks
Uehdth(Fig. 5-6a, b). TR o] WA B4 olHd HA Y wol 6
22 ZA(5Y 3/4; 5YR 3/2; 5Y 5/6; 10YR 5/4)% =224 AE(BGGY 3/2; 5GY
4/1; 5Y 529 Agozm FoEe] gld deHow 184 Aol o] HA
Zeol Agolt B4 AAGB 5/DE olFold Audt 1 HAgo] EAwTh T

A A Adrg oz T A B3 EHEE Hole HE S AE A7)
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2 ALYl o A P A= IRDe Qo w Hy dhgko] 10%7F |7
Sk}, o] gk o] frofl A
of e} BM-1¥ BM-2& %319t}

\=]

H

S T (slope-foot terrace)ol Al F 5% 16B A2 o] HAEoA HEHo
Exsta o 18A AR o] HAE s 3H(eF A% 100~205 cm)
oA A A HFor A Ant AL BM-2+ i
Hgow FAEN A5 B Ao r yeuyr|e v BM

f

o~

z

b AEH et 542 el

9744 BMe Qurdon $3ot o] F& Fahel urHAL Rhmo 9
d £4719 942 B 444 5480 +F EEEREECE

o}
L Eg FrRHor A
3l

o

WS Aol kgt & A (bottom current)ell ]3] A
Ht}(Stanley and Maldonado, 1981; Chough et al., 1984; Chough and
1985). 2% BM-2¢14 YEE Hlad 2 o] Al JAHIRDs)= W a7
AN 7|2 Hdolgel wet Wete] g FFe we Aow 34 Pk (Lucci
et al., 2002; Wang and Hesse, 1996). ©]&]3gl E X282 Uty o2 A A= 2]
dEo] gtgt Aoy P S At AEo EFe o3

1
Bt i) A4 BM2 Wst$EY] e PV F

rebs o] e}
Ak WA X 7] (glaciation) &<F s o] wER Q3] mFTdlFe 5ol oA

Ha, vre AE ALY (bioproductivity) ¥ 2 52 =33 (less dynamic
d

water column)ol A% JA4= 4 AH(Wang and Hesse, 1996).

5.2.3 3ud =37 Y(indistinctly laminater or layered mud, ILM)



e FEe oifE ddstn F3ds A dEso  JEekd=d(Fig. 59,
5-12e) U FRrlAME i FHA (wavy) AU AR JEIYII = Soh(Fig.
5-6¢). 8lmg FE YUILM) EHA4L Hx 5&Fd 2dd siAqFzel wde
Z &y FEdel fXse AlEEE wtel A HASH moldAM 7bg $-AlEHA
Uehdth o] EF o] dtdd HAES hRE B Ade AFGGY 4/1;

w2 ALY 56; 10YR 4/2)2 A
AES HEE o]Fox

‘Zl“
- AR Aol A IRD7F EAEtE HAAY EAeA & 54

o

Uz 7AsEY X
ol FEEER BM HAGY wdd wAoR ILM-13 ILM-22 A& 383l
ot

ILM-13} ILM-2 ¥4 IRD 35S A&l 5313 Afol= YethuA &=
ot 28y, IRD7F YA ¢ ILM-1 8442 dda = g dewe Ald
SH- whtoll 918k 16B ARl siof HAmolARt ShQlE ) wjaA ke 5
Aol $1Ash= A AWA e F:o] HHE A= IRD7F EA48HE ILM-2 H 44

A5H9l Fele AuaTe 5L )

_TE
<)

Al

=2

M

i

it}

fu o
|

D

a

o,

=

(1

[0

2831 8 A 57 (bottom current)2] 93 hol] &
AE HASOA dubdg oz YeltE 54 o th(Stow, 1979; Chough and Hesse,
1985; Stow and Holdrook, 1984; Yoon and Chough, 1993). o}& 2] A& n g =
ekl R Vhedt S8 BEI Rlud e A7|2 A" AudTER
Hol Aug Y HA 4ol va] FAgo] JAor w3dd Aow FAHE. o
AFzFEe] 343 54 39 Add HAE s27F =& 45 7test

W, ol 7Rl AAH nEEe] AHE HAES EHow sk A4S ALy

ulgbA Welddo| A= E83 §WF(turbid meltwater plume)”t A=
Hek A= AU S webA ol Fsta vud Alg
WaeRtes wet 982 s5dn. olgst 9

o =
Nl T
Y g Peavo Ry WoluA PAw

N
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HAEo] gkExHow wady = sujsl FEE PAATE 7 AdH(Hesse et al,

1997, 1999).

E4 AR $5E vad FHH0lx Ayd Py uE
48 thFig. 5-60. W3e U/AL HAgE e (3
S mmd Aws AR wols|w shel, Ui

J_:,]—
gzel oa wersle] Ueh s SthFig. 5-15b). oleld HA4e X o
01

gom R gB AAGBGGY 4/1; 5Y 3/2; 10YR 4/2)¢] AAS wr}, E3,
A=A B A FRAA FE5H 02 A Fo] HAHEAA o3t EHHA
o] 7Fg -ASHA weEE o Yelv=d oF Y HH89 84 wEs o 1 m

Lo
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gk mebd SAGeNAE Wk FH B Pare] GFol mebA B 54

142 of7|% 5 k. AA dFHA Y5H 54
=

filo
iz
rlr
i
a2
riot
o
an
D

7]

wn

D

o
=R
—_
(e}
e}
N
[u—
©
e}
©
Mo
}014
e
Do
(e}
O
&
lo
fru
2
o,
i
32
oo
o

_70_



W
I
E m N ™ X o X
i;uoﬂxz % o) T
2 ox N w»o<%2xﬁo
o P o F X L ® o -
wm o w BN ® - M & el
@z_fa7_1@o_1%g RN
o 5 X L5 a L % 2 T 52 = Pk
NI ok X o R oo T Tio ! U 00 M
X Woo = ) — N m T " o oy
oy - g o B NI TN S
W B ° R = gy = ™ o o
0w 2 5 & t T o H o £l I ] T T
o X 3 e ST = X5 — T B r g N
N SH 8 i B %o ~ o 2, o —_ = nr
— fase] H ﬂ nDO X ﬂArO X —_ ZT 0 A’ — HTI SI
G o o X oy o = ® ¥
—_— . _— e \_IV.VI m — o ,W% EE = ;oL X Oﬁ
= = = [ T m B o %P R e .
o = Gl G NS ol B° S o A o €
— B . —_— Lt | © OL X a — (O\ ko) -
S R - oo O I
B - ® 4o 2 ° O -
= kTR T L ° W X a o % N &
W= L T o T o D X H N oy H =y oo T
A = o P w o = A} o A Tox 9P
o do 15 iy o 5= ) N o o o T 0o o
u = = < T oo %Emﬂ W= . ﬁin«x%
o o S %W w@ W nN el = ML b i~ w W W o Jﬂ
B X W 5 5 Aong © w W e & .
Eﬂmoﬂaﬂﬂvoﬂ%ﬂ QELHOMQMW%
ﬁoﬂ%% ﬂﬁﬂﬂiur% WW%HBMM
homoE b N m T F + ol N
= B W N oE R - ~ W A I )
ek T T W0 = . X ®e %_ oy w2 =3
T o AR 2 T o T3 W o o N L 9 N o of
- o T = b N o ® I A = oF by e B W
= X s T o Ern ,n_i ‘»Al o o b:._ Z.L m OR  — B0 ﬂ Ev
< T % E T w T o o o o I % s
e 8T T o -
2, = S = a— g I+ o0 AW wi
o & X < X @ o= N . - w0 T OB X
T ® 8% T X o= T oW n om =% L o o e
CECG . X3 SR > ® B o T
X o < N = 9 . 7o 4 _ o o~ @ w@
B T T ~ X %0 o o %o o
W om SR n X U w w U %2
oW A T KowW -~ IF
S 2 & Vo
o? mo T iy
oz oy T = ok
= W &
o

171 ¢]

RSN

HA A & =tol

F LGM A

-

o

-

| .

RS

T

A o

E] :1—’__ o] E}-
AA . GrOSSW
ald =
and Hughes (2002)¢]
o o A
Bl

A

- 71 -

6.3 Aol Wy



Fig. 6-3. Comparison of two ice extent models on the Northern
Hemisphere during the LGM. (a) Model reconstructed in Grosswald and
Hughes (2002); (b) model proposed in Ehlers and Gibbard (2007).
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TABLE. MAJOR TEXTURAL CLASS.

| Gr gravel gS: gravelly sand (g)mS: slightly muddy
sG: sandy gravel gmS: gravelly muddy sand (g)M: slightly gravelly mud sand
msG: muddy sandy gravel gM: gravelly mud (g)sM: slightly gravelly sandy mud
mG: muddy gravel (g)S: slightly gravelly sand S: sand
mS: muddy sand sM: sandy mud
M: mud Z: silt

1) 01AGC =9

e NO. GRAVEL  SAND SILT CLAY MEAN  SORTING SKEWNESS KURTOSIS  TYPE
0 0lAGC0 o 0 2089  79.11  9.58 1542  -0.720  0.803 c
10 01AGC-1 0 0 21.07 78.93 9.545 1.561 -0.7 0.8 C
20 01AGC-2 0 0 22.38 77.62 9.49 1.647 -0.718 0.82 C
30 01AGC-3 0 0 21.53 78.47 9.564 1.588 -0.755 0.808 C
40 01AGC-4 0 0 17.29 82.71 9.72 1.393 -0.749 0.809 C
50 01AGC-5 0 0 14.37 85.63 9.831 1.314 -0.783 0.844 C
60 01AGC-6 0 0 20.54 79.46 9.591 1.529 -0.72 0.797 C
70 01AGC-7 0 0 21.65 78.35 9.524 1.542 -0.657 0.777 C
80 01AGC-8 0 0 22.08 77.92 9.458 1.548 -0.585 0.778 C
90 01AGC-9 0 0 19.94 80.06 9.599 1.486 -0.679 0.787 C
100 01AGC-10 0 0 20.95 79.05 9.525 1.539 -0.644 0.799 C
110 01AGC-11 0 0 19.97 80.03 9.653 1.481 -0.759 0.782 C
120 01AGC-12 0 0 20.83 79.17 9.532 1.506 -0.622 0.78 C
130 01AGC-13 0 0 20.15 79.85 9.577 1.5 -0.672 0.787 C
140 01AGC-14 0 0 20.98 79.02 9.528 1.474 -0.614 0.731 C
150 01AGC-15 0 0 19.79 80.21 9.616 1.48 -0.712 0.781 C
160 01AGC-16 0 0 20.9 79.1 9.574 1.524 -0.716 0.771 C
170 01AGC-17 0 0 22.04 77.96 9.482 1.534 -0.612 0.752 C
180 01AGC-18 0 0 19.12 80.88 9.69 1.448 -0.79 0.777 C
190 01AGC-19 0 0 20.77 79.23 9.579 1.531 -0.701 0.792 C
200 01AGC-20 0 0 20.3 79.7 9.578 1.51 -0.665 0.802 C
210 01AGC-21 0 0 16.12 83.88 9.777 1.323 -0.769 0.756 C
220 01AGC-22 0 0 18.55 81.45 9.58 1.405 -0.574 0.758 C
230 01AGC-23 0 0 18.85 81.15 9.578 1.406 -0.577 0.741 C
240 01AGC-24 0 0 20.06 79.94 9.515 1.442 -0.535 0.736 C
250 01AGC-25 0 0 18.44 81.56 9.556 1.39 -0.517 0.734 C
260 01AGC-26 0 0 19.99 80.01 9.573 1.443 -0.62 0.74 C
270 01AGC-27 0 0 18.63 81.37 9.599 1.374 -0.577 0.715 C
280 01AGC-28 0 0 18.43 81.57 9.581 1.354 -0.535 0.706 C
290 01AGC-29 0 0 19.6 80.4 9.568 1.424 -0.591 0.726 C
300 01AGC-30 0 0 19.44 80.56 9.568 1.45 -0.594 0.766 C
310 01AGC-31 0 0 17.74 82.26 9.628 1.361 -0.588 0.727 C
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01AGC-35
01AGC-36
01AGC-37
01AGC-38
01AGC-39
01AGC-40
01AGC-41
01AGC-42
01AGC-43
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01AGC-45
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2) 02GC =
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110
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140
150
160
170
180
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210
220
230
240
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260
270
280
290
300
310
320
330
339
350
360
370
380
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400
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0
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.694
.845
.864
.933
.336
739
.873
.864
944
8.77
9.033

7.815

9.28
7.968
7.972
7.973

SORTING

.835

438

SKEWNESS

KURTOSIS

o O O o o o O
-~
[
=

0.79
0.653
0.812
0.684

0.65
0.651
0.536

0.56
0.639

0.75
0.693

0.69
.705
.738
766
733
876
.656

o O O o o o O

763

o
x
(2]

886
373
686
777
636

O O O O O O O O O &+~ o
[2]
ol
oo

TYPE

O O O O 0 0O O OO0

(g)sM

O O O O O OO O OO0 O O O O B 2 2 0 O 0 O O 06

_84_




D(Egngﬂ NO. GRAVEL SAND SILT CLAY MEAN SORTING ~ SKEWNESS  KURTOSIS TYPE

440 02GC-44 0 7.45 46.88 45.67 7.762 2.57 0.011 0.6 M
450 02GC-45 0 0.21 61.85 37.93 7.701 2.167 0.44 0.512 M
460 02GC-46 0 2.73 34.41 62.86 8.644 2.231 -0.486 0.623 M
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3) 03AGC =]

DEPTH NO. GRAVEL ~ SAND  SILT  CLAY  MBAN  SORTING SKEWNESS KURTOSIS  TYPE
10 sl 0o 0  16.85  8.15  9.675  1.479  -0.683  0.975 c
20 0346C-2 059 976 1773 71.92  8.908 2,502  -0.609  1.231 (s
30 03AGC-3 0 477 1775 7748 93714 1.926  -0.667  1.099 c
40 03AGC-4 451 553 1772 72.24  8.851  2.908  -0.659 1541 (s
50 03AGC-5 0 0 18.73 8127 9.692  1.421  -0.756  0.761 c
60 03AGC-6 0 0 3272 67.28  9.047 1745  -0.363  0.643 c
70 03AGC-7 0 112 46,97 5192 8.33  2.006  0.051  0.583 M
80 03AGC-8 0 0 2849 7151 9.212 1691  -0.475  0.701 c
90 03AGC-9 0 0 34.82  65.18  8.908  1.789  -0.269  0.641 M
100 03AGC-10  1.53  3.26  35.56  59.66  8.642  2.05  -0.206 0.7 (DM
110 03AGC-11  0.08  8.69  30.35  60.89  8.471  2.476  -0.361  0.8%6 (M
120 03AGC-12  3.64 1271 8178 5186  7.602  3.296  -0.363  0.917 (M
130 O03AGC-13  0.94  13.04  30.57  55.46  8.012  2.825  -0.322  0.841 (M
140 03AGC-14 172 1118 32.64 5446 8.041 277  -0.301  0.83%5 (M
15  03AGC-15  3.63  9.34 2575 6128 8312  2.91 0543 0911 (M
160 O03AGC-16 218 10.68  27.01  60.13  8.347 2713  -0.499  0.776 (M
180 03AGC-18 0 0 23.68  76.32  9.471  1.634  -0.697  0.776 c
190 03AGC-19 0 6.92  14.89  78.19  9.55  1.989  -0.852  1.19 c
200 03AGC-20 0 6.02  38.74  55.23  8.23 2475  -0.323  0.59 M
210 03AGC-21 0 0 31.06  68.94  9.015 1789  -0.346  0.706 c
220 03AGC-22 0 0 2955  70.45  9.235  1.834  -0.67 0.7 c
230 03AGC-23 0 0 26,9 731 9.342 1742 -0.675  0.745 c
240 03AGC-24 0 0 21.66  78.31  9.562  1.641  -0.821  0.842 c
248 03AGC-24.8 0 0 23.61  76.39 9499  1.719  -0.819  0.827 c

_86_



4) 16BGC =9

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
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300
310
320
330
339
350
360
370
380
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5) 18AGC =]

100
110
120
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01AGC (0~200 cm)

=)
ne

2. 2] X-A A}

Line-drawing

Core description

fi

BM-1

Grayish olive green (5GY 3/2)
poorly sorted ; clasts absent
thinirregular burrows and
microburrows dominant

Thin burrows dominant with pyrite

laments; shell fragments

110

130

140

170

180
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Line-drawing

Core description

Micro burrows dominant with pyrite
filaments; shell fragments dispersed

Thin burrows and unbranched
burrows dominant; pyritized
; shell fragments




01AGC (200~400 cm)

230

240

250

260

290

Core description

¥

radicgragh Line-drawing

Concentrated shell fragments
; pyritized burrows and pyrite(?)
filaments

Irregular thin burrows dominant
. shell fragments dispersed

Shell fragments

Shell fragments

Silt lamina slightly deformed by
bioturbation

Shell fragments

Micro burrows and pyrite(?) filament
dominant with unbranched burrows

320

330

350

360

370

380

390

Core description

pr— =

%

“ Shell fragments

Micro burrows and pyrite(?) filament
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dominant with unbranched burrows

Micro burrows and pyrite(?) filament
dominant with unbranched burrows




01AGC (400~549 cm)

Depth
(cm)

400

410

440

460

470

480

490

420

430

450-F

Xx-
radiograph

Line-drawing

Core description

Micro burrows and pyrite(?) filament
dominant with unbranched burrows

Shell fragments

Micro burrows and pyrite(?) filament:
dominant with unbranched burrows

Shell fragments

Shell fragments

Shell fragments

Core description

Shell fragments

Micro burrows and pyrite(?) filamentg
dominant with unbranched burrows

BM-2

: Grayish olive green (5GY 3/2)

; poorly sorted; slightly deformed
, fines clasts randomly dispersed

_9"_



02GC (0~200 cm)

Line-drawing

Core description

BM-1

: Dark greenish gray (5GY 4.1}
(0~50em}; poorly sorted; winding and unbranched
thin burrows dominant with some thick vertical
burrows

Some clasts dispersed

Microburrows abundant

BM-2

Dark greenish gray (5GY 4.1}
{50~115cm|; poorly sorled; winding and unbrancheq
thin burrows dominant with some thick vertical
burrows

Downward decreasing burrows

Randomly dispersed clasts with partially
concenirated fine grains

Partially concentrated fine grains

Depth X-
{cm) | radiograph
100

110

120

130 -

140

150

160 -

170

180

190
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Line-drawing

Core description

ILM-2

Dark greenish gray(5GY 4/1){115-120cm)
© poarly sorted; partially cross laminated with
slightly sharp basal contact{115~118cm); parallel
ta sub-parallel laminae without systamatic vertical
varlation In texture and laminas thickness
- some clasts dispersed

Light olive gray (5Y 5/2)(120~127cm); flat-and
parallel-laminated mud. slightly bleturbaled
clasts randomly dispersed in the upper part

Dark greenish gray (127~131cm)

Moderate olive brown(5Y 4/4) {131~140cm)
1 wispy laminated (or layered), irregular and
i ion; partially c

BM-2

: Lightoliva gray (140~152cm): poorly sorted

1 strongly disturbed by organic tubes and burrows
+fine clasts dispersed in the upper part

TLMIHM

Light alive brewn(5Y 5/6) to dark greenish gray
{BGY 4/1) (152~160em) ; poorly sorted: |ayered
silty mud with thinly laminae; wavy-layered in the
middle part; absence of clasts; disturbed upper
boundary and sharp basal contact

BM-2

Dark greenish gray 180-182cm); paorly sorted
. mollied or biolurbated by burrows,; some clasts
randomly dispersed

ILM-2

: Grayish olive {10Y 4/2) (182~18%cm); poorly
sorted; flat- and parallel-laminated; no systematic
wvertical variation in laminae thickness; lower
boundary sharp, slightly bicturbated




02GC (200~400 cm)

Depth X-
(cm) | radiograph
200

210

220

230 -

240

250

260

270

280

280

Line-drawing

Core description

Depth
(cm)

TLM/HM

: Graylsh olive (10Y 4/2)(200~230cm}; poorly
sorted; upward thickening sill-rich laminae without
systamalic variation of sill-depleled laminae

; some clasts dispersed

Downward thickening sitt-depleted laminas
without systemalic vanstion of silt-rich laminae

ILM-2

: Grayish olive (230~250cmem), poorly sorted
: parallel-and indlstinctly-laminated mud; fine
calsts dispersed

ILM-2

: Grayish olve (10Y 472} (250~280cm). poorly
sorted; indistinct laminae without systematic
variation in texture and thickness: fine clasts
dispersed

Primary struciurg recognizable but several
disturbed, fine clasts dispersed

Primary structura recognizable but several
disturbad

TLMIHM

. Graylsh olive (200-294cm}, poorly sorted

i with silty fayeres and mud
layer

Dark greenish gray (3GY 4/1) (284-310cm)

300

310

320

330

340

350

360

370

380

390

400
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X-
radiograph

Line-drawing

Core description

TLM/HM

= Dark greenish gray {(5GY 4/1) (up to 310em);
poorly-sorted; normally graded by upward decreas:
Insill content; some clasts dispersed. sliahtly
daformead in the lowest part

ILm-2

: Dark greenish gray (310-326cm); poorly serled

| no systematic vertical varkation in laminae
thickness; fine clasts horizontally disparsed in the
upper part

Parvally wispy laminated

Dark greenish gray {328-334cm); poorly seried
| no systematic vertical vaniation in laminae
s fine clasts

¥ inthe
upper part; discencordant basal contact

oM-2
+ Very poorly serled (336=342¢m); angular clasts
L various grain size {up o 2em in diameter), massiv

TLMIHM

: Brownish gray (5YR 4/1) (342-3560m); pooriy
sorled: absence of blolurbation; occasionally
upward thinning silt-rich laminae; some clasts

TLMIHM
: Olive gray (BY 3/2) (366-402cm); poorly sorted
L accasionally upward thinning sill-rich iaminae
some clasts horizontally dispersed

(dlameter ranges from a lew mm o 2 cm)
1 dewnward decreasing In the frequency of clasts

Fine clasts partially concentratad




02GC (400~466 cm)

Depth
(cm)

400

470

480

490

X-
radiograph

Line-drawing

Core description

TLM/HM

- Alternations of moderate olive brown (5Y 4/4)
and light olive brown (5Y 5/6) (402~411cm); poorly
sorted; absence of coarse clasts

Deformed; fine clasts dispersed

Dark greenish gray (5GY 4/1) (411~430cm); very
poorly sorted; consists of silt-rich laminae ; no
systematic vertical variation in laminae thickness
:absence of fine and coarse clasts

Light olive brown (430~437cm); very poorly sorted|
; absence of coarse clasts but fine clasts partially
concentrated; deformed but primary structure
identified

Grayish blue (5BP 5/2) (437~441cm); deformed

Light olive brown (441~451cm); significantly
deformed

TLM/HM

: Grayish blue (5BP 5/2) (451~453cm); very poorly
sorted; absence of coarse clasts but fine clasts
partially concentrated; deformed but primary
structure identified

Dark greenish gray (5GY 4/1) (453~466cm)
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03AGC (0~200 cm)

Depth
{em)

¥

Ling-drawing

Core description

Depth
(cm)

Xo
radiograp

0

20

30

40

50-

B0

70

80

a0

radiograph

H
&

BM-2

: Modetale brown (5YR 3/4) {0-17cm); poarly
sorted: thin burrows dominant with winding and
unbranched burrows; fine-grained clasts
dispersed (2~4mm in diameter)

Grayish brown (SYR 3/2) (17-22cm); very poorly
sortad

Dark yeliowish brown (10YR 4/2) {22~25cm]

Dark greenish gray (SGY 4/1) (26-44om); very
poorly sorted;slightly disturoed by thin burrows

; angular clasts concentrated in the lower part
[diameter ranges from few mm fe 2om)

+ uppar boundary is poorly defined but that of lowar|
partis sharp {erosive basal contact)

ILM-2

+Light nlive brown (5Y 58) (44~81cm}; poorly
sorted: blurred parailel to sub paraliel laminated
+ fine clasts dispersad : slightly disturbed by
burrows

ILM-2

: Dark greenish gray (5GY 4/1) to light olive gray
{5Y 5/8); poorly soried; blurred parallel |amination
; absence of biotubation; unit boundaries poorty
defined (50-61cm)

iLm-2

- Light ofive brown to medium dark gray(N4)
(61-BEem]; poarly sorled: uppermost part
bioturbated; cross laminae with erosive basal
contact

ILM-2

+ Medium dark gray to dusky yellow green
(5GY 5i2) (867 2cm). poorly sorted; blurred
paraliel lamination: disturbad by burrows

ILM-2

; Dusky yallowish green (T2~B3cm}; poorly sorted
+sub-paraliel laminae; shaghtly disturbed by thin
‘burrows but primary-etruciure identifled

; downward increasing silt-rich laminae: refatively
sharp upper boundany and gradational lower
boundary

BEM-2

: Dark greenish gray (B3-98cm), very poorly sored
+ harizantal burrows and thin burrows

; consists of some clasis which have various grain
size (diameter rangas from few mm ta few cm)

; crudely layered in the lower part

100

110

120

130~

140

150

160

170

180

180

200
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p |Line-drawing

Core description

BM-2

:Dark greenish gray (5GY 4/1) (989-140am); very
poorly soried; crudely bedded sandy-silty mud
with coarse grains (99-115cm); disturbed by thin
Burraws; downward decreasing frequency of
burrows; downward disappearing bands or fayers

Downward increasing frequancy of clasts

oM-2

: Medium bluish gray (58 511)
{lrorm 140cm fe 165cm), very poorly sorted

H ciasis as 2 wedge-shaped siructure
In the upper parf; thin burrows

oM-1

: Medium blulsh gray (5B 5M1)

up to 165cm in the depth). vary poorly sorted
; angular clasts randomly dispersed

DM-1

Dark greenish gray (5GY 4/1)
(from 185cm to 200cm); very poorly ta pooriy
sored; randomly dispersed clasls; downward
decreasing frequancy of clasts; crudely layered
inthe upperand lower paris

thin burrows

Crudely layered




03AGC (200~248 cm)

210

220

230

240

250

Core description

DM-1

: Medium bluish gray (5B 5/1)

(from 200cm to 230cm); poorly sorted ; randomly
dispersed fine clasts; thin burrows

DM-1
: Dark greenish gray (5GY 4/1) (230~249¢m);
poorly sorted; randomly dispersed fine clasts
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16BGC (0~200 cm)

¥
radiograp

, ; . Depth X- . - —_
p | Line-drawing Core description (c;) radiograph Line-drawing Core description
BM-2 100 ) BM-2

Maoderate brown (5YR 3/4) (0~Bem), very poorly
sorled | fine clasts dominant: motlled or
bioturbated lower boundary

BM-1

- Light alive gray (5Y 5/2} {(6~45cm); poorly sorted
+ horizantal burrows dominant with seme vertical
burrows; coarse clasts absent; fine clasis in the.
upper most part

Relatively concentrated shell fragments
In the middie part (24~28cm)

ILM-1

: Light olive gray (45-48cm); poorly sorted

. absence of any clasls and burrows; sub-paraliel
laminze

BM-1

- Light ofive gray [SY 5/2} {4B-62cm) poorly sorted
; absence of any clasts

BM-2
: Light alive gray(62-65cm) to dark yellowish brawn)
{10YR 4/2) (B5-74cm | very pootly sarted

, disturbed by burrows; consists of angular clasis
‘which have variaus grain size(diameter ranges fror
few mm lo few cm); upward fining ciasts

BM-1
| Dark yellowish brown (74-33zm}; poarly sorigd
| clasts absent

Graduz! celor change to moderate yeliowish brown
(10¥R 5/4) {80~83cm)

Dark yellowish brawn (83~93cm); poorly sorted
- silt-rich layer stighlty disturbed by bicturbation
: layer boundaries are very sharp

 fine clasts dispersed In the lowast part

BM-2
Maderate brown (5YR 374 (33~100cm); poorly
sarted; Thin burrows daminant; fine clasts random

@erud
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- Grayish brown (5YR 3/2) (100~116cm); poarly
sorted; strongly disturbed and mottled by burrows
biolubes daminant in the upper parl: fine clasts
deminant In the lower part

Thin burrows and fine ciasts dominant

BM-1
- Grayish brown( 116-123cm) to light olive gray
{6Y 5/2)(123-132cm); poorly sorted; clasts absant

ILM-1

- Light olive gray (132~156cm); poorly sorted

; parallel layerad mud with discontinuous laminae
+ ne systemalic variation in texture and thickness
. upper boundary disturbed or motifed by burrows

Slightty disturbed by dioturbation ?

Disturbed by thin burrows but primary structures
Identified

ILm-1

: Grayish ol lve (10Y 4/2) (152~198cm): poorly
sarted: absence of clasts: siightly disturbed by thin|
burrows {pyrite?} but primary structures identified
1 no systematic thickness variation

i downward increasing frequency of burrows

: upper boundary poorly defined

Thin burrows dominant

Gradational color change to olive gray (5Y 3/2);
poorly soried




16BGC (200~378 cm)

Depth X-
(cm) | radiograph
200

210

220

240

250

260

270

280

290

Line-drawing

Core description

Deformed silt-rich layer

ILM-1

+ofive gray (3Y 3/2) (128-22Bcm); poorly sorted

+ diffuse and discontinuous layers and laminae

: absence of any clasts; no systemalic variation In
texture and laminae thickness

Gradational color ¢hange to grayish olive
i poarly sorted

Gradational color change to dusky yellow green
{5GY 5/2) (up'to 252cm); poorly soried;

silt contents relatively increase: disturbed

by burraws?

TLM/HM

Maderate olive brown (5 4/4) (252-259cm)
. poorly sorted; strongly deformed; sharp unit
boundaries; relatively silt-rich layers; lense-shape
silt-depleted muds; some fine clasts dispersed

BM-2

+ Light ollve browr (5Y 5/6) (259-263cm)

| poorly sorted; strongly deformed; fine clasts with
mud clasts

Dark yellowish brown (10YR 4/2) {263~275cm)

1 very poorly sorted; strongly deformed by burrows’
i clasts which have various size dominant

1 deformed sandy mud clasls

ILm-2

Light olive brown (27 5~281cm); very poarly sorte
+fine clasts dominant; cross-laminated or deforme
+ clasts somewhiat oriented along the deformed
laminae

BM-1
- Light alive brown {281-260cm)

TLM

1 Grayish olive (10Y 4/2)(280-297cm); poorly sortef
+intarcatated homogeneous mud In the thinly
faminated sandy mud; absence of bioturbation

» unit boundaries are very sharp

Core description

320 -

330

350

370

380

390

BM-2

+ Light elive brown (5Y 5/6) (287-306¢m); poarly
sorted; slightly deformed: fine clasts randomly
dispersed,; basal contact disturbed or mottied by
burrows

:Modsrate brown (5YR 3/4) (306-315cm}; poorly
sorted; strongly disturbed and mottied by burrows
» biotubes and thin burraws dominant in the upper
parl: fine clasts dispersed in the upper part

BEM-1

- Light alive brown to light olive gray (315-357cm)
: poorly sorted; harizental tubes {planolites?)
abandant

Gradual calar change ta light alive gray (5Y 5/2)
*poorly sorted;

Thin bureows abandant; fine clasts disparsed

EM-2

:Mederate brown 1o ligh olive Brown (357-378cm)
© poorly sorted; strongly disturbed and mottied by
burrows; biotubes and thin burrows dominant in thy
upper part; fine clasts dispersed

Showing gradual color change from maderate
brown te light olive brown; poarly sorted; & drop
slene appeared
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18AGC (0~205 cm)

Core description

Depth
(cm)

BM-2

Altarnation of modarate brown{5YR 3/4) and
grayish alive {10Y 4/2}
(0=2cm, 11~14cm. moderate brown)
- very poorly sorted; sharp color change al Zcm
- thin burrows and fine clasts dominant

Maderale yeliowish brown (10YR §(4); very poorly
sorted; indistinctly laminated mud layer ar band

Gradual color change fo dusky yellow green
(28-a7cm); poorly sorted

Some fine clasts partially cancentrated

BM-2

Medium gray(NS) (37~33cm|; very paorly sortad
risontally coarser grains concentrated
+ sitghtly bioturbated

TLM/HM

: Grayish olive (39~48cm); very pooriy sorted;
ntercalated homogeneous mud in the thinky
taminatad sandy mud: upparmost baundary slightl
deformed by vertical thin burrows: sharp lower
boundary; mud chip (medium gray) 7

BM-2

: Dark yellowish brown (10YR 4/2) (48-55¢m)
\ poorly sorted; relatively fine-grained clasts
disparsad; sirengly disturbed by thin burrows
i some shell fragments in the lower part

ILM-2

: Alternation of dark yellowish brown and

dusky yellow green(5GY 52} (35~T8cm); poarly
soried; fine clasis dispersed; blurred parallel
Iaminated; no systematic varlation in the texture
and laminae thickness: significantly disturbed by
thin burrows ; upward increasing frequency of
burrow

BM-1

Dusky yellaw green (T8~BTom), poorly sorted
 thin burrews and shell fragments dominant
ifine clasts dispersed in the lower and upper part

BM-1

i Sharp color change lo medium bluish gray

(5B 5i1). pooriy sarted; thin burrows without any
shall fragmants and clasts

100

110

120

130

140

150

160

170

180

190
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X-
radiograph

Line-drawing

Core description

BM-1
Medium bluish gray (5B 5/1); poorly sorted

i pyritized {7) and unbranched burraws dominant
In the upper part: absence of clasts

that has

A 3
the dendritic patiern

Thin vertical burrows

Vertical and unbranched burrows dominant

Thinand branched burrows {or dendritic pattern?)

Jlinear bioturbation steeply inelinad towards the
lewer part; downward deeping incline
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