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Reconstruction of paleoenvironment based on
high-resolution stratigraphic analysis
of Late Quaternary sediments

in the Chukchi Sea, West Arctic
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I. Title

Reconstruction of paleoenvironment based on high—resolution stratigraphic
analysis of Late Quaternary sediments in the Chukchi Sea, West Arctic

II. Purpose and Necessity of R&D

Recently, the Arctic Ocean has been considered as a place experiencing
the most obvious environmental changes in association with global climatic
warming on the way. As a result, it has been at the forefront of
researches aiming to reconstruct and predict the earth climate changes in
the past and the future, respectively. In particualr, the studies regarding
geochemical and paleontological proxies from the submarine sedimentary
deposits are crucial to reconstruction of the past climatic and
oceanographic changes during LGM and the earlier glacial periods in the
Arctic region. In addition, for the comprehensive understanding of temporal
and spatial changes in the past climate and oceanography, it is necessary
to analyze the stratigraphy of submarine sediments in various settings and
correlate each other. This study focuses on establishing a high—resolution
stratigraphy of sedimentary deposits in Chukchi Sea and a sedimentary

sequence model associated with the paleoceanographic changes.

IlI. Contents and Extent of R&D

This study establishes the high—resolution regional stratigraphic
framework of the Chukchi Sea region based on analysis of seismic
stratigraphy with sub—bottom profiles obtained from Chukchi Basin region
in 2011 and 2012, and also presents a sedimentary facies model extracted
from sedimentological analysis of a sediment core (16BGC) from the

Chukchi Basin.



Iv.
O

R&D Results

In sediment core (16BGC), 7 stratigraphic units are recognized based
on sediment texture, IRD contents, lithology, color and sediment facies.
Stratigraphy of sediment core is interpreted to reflect the cyclicity
between glacial and interglacial periods, and the resulting sedimentary
facies model is suggested.

Units I, III, V and VII with brownish color are interpreted as
interglacial deposits, whereas units II, IV and VI showing gray color as
glacial to deglacial deposits.

Stratigraphic correlation with the MIS—interpreted reference core
strongly suggests that the core 16BGC most probably encompasses
sediment accumulation for the last 100 thousands years at least.

On the SBP profiles from Chukchi and Lomonosov basins, a
stratigraphic framework consisting of 5 seismic units (SU1, SU2, SU3,
SU4, SU5) are suggested based on seismic reflection configuration and
high—amplitude bounding reflectors (rarely correlated with local
erosional horizons).

Stacks of glaciogenic debrite masses of 20~30 m thick and max. 30
km wide are recognized in the slope and marginal areas of basin plains
of Chukchi and Lomonosov basins.

SBP profile—to—core correlation suggests that the large—scale debrite

masses were mainly deposited prior to 100,000 years B.P.

Application Plans of R&D Results

As fundamental or supportive data for the prediction of fure changes in
the earth climate system

As fundamental or supportive data for preliminary researches or
evaluations on marine resources potential and development of sea route

in the Arctic region.
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= 54 T30l 53] A or vepdt g RYgE 33 2HYAES 5
¥%5 9F 10 em 7%k 65~110 cm, 280~310 cm 2 340~350 cm F3Fol A Bt
o] de] FHFREE HTh BT Zo Wgzle] 1.20 ooz B Has
Holw, 2z R T Z2YYAY] o] & FitA = 9 =T U EFEA
= Aol At

IRD%JXP—% Este= A7 1 mm o] YA Avtert Egatn, H A

= 2~3 mm= 54 T3 T2 YEehdt(1d 5)

54
62~74 cm, 90~116 cm, 255~281 cm, 305~314 cm, 356~370cm
AFZAA = 1 ecm B 57MelA A 7HA 2 sk, 1 99 FdA = AL
JEREA e

S EER R
Sl H A E] Aol UF FARLAMNE BF 12709 el AAATH(E
a9 6). Bl A HAZ FAE 358 em® e TAED B 1614
A

ﬂ
o, 24 Al (brownish) 2 84 A< (grayish) o] A2 242h 6709k 4719 Ao
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1700

Glaciogenic debrites

Water depth (m)

i
i
s |

selstr] faA 29 28 BAL.

1900
a9 4. 16BGC 4 W] SBP ©

)
ot
o
Lo
Ho
i

# 1. 16BGC =olol tg N4 AR S99 RHE H4% A4, 2%, RD 3% % ¥
44 NFoR A4 9 V ARM, TROD 2 SRL) e 27 252~282

cm, 282~302 cm ¥ 302~319 cm HYE &

Color Name Code Occur.rence ratio Total
tone (units) (%) (%)
Grayish brown 5YR 3/2 111 2.39
Moderate brown 5YR 3/4 I, III, V (L), VII | 6.63
Dark yellowish brown 10YR 4/2 III, Vv (U) 10.08
Brownish | Moderate yellowish brown | 10YR 5/4 111 4.77 905
Moderate olive brown 5Y 4/4 VvV (U) 1.86
Light olive brown 5Y 5/6 VvV (U, L), VI 9.81
Light olive gray 5Y 5/2 II, V.(M), VI | 36.34
Grayish olive 10Y 4/2 IV, V.(M) 17.24 "
Grayish | Olive gray 5Y 3/2 v 7.96
Dusky yellow green 5GY 5/2 v 2.92
Pinkish | Grayish pink 5R 8/2 VvV (U) *
(spots) | Grayish orange pink 5YR 7/2 vV (U) *

« 3EA Ao e iAo WAl A-FHw AXEo] $E HEolA] A

o] g

14



Sed. texture (%) Mean size (D) Sorting (D) IRD content

0 p—

50+

=
100 L
1

150
5
=
L
a.
D 200+
0
o
(&)
250
300

378

20 40 60 80 4 6 8 10 1 2 3 4 20 40 60 80
% 5. 16BGC Zojol| digk & & %3 IRD .
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2 FEH HA45 U F wXH &S 3|4 Ade] Mgl HAujHosE 9AsH
vepdth 22 Ald e Ate Je Al (dark yellowish brown) ¥ w24
(light olive brown)o] 7} $-Alst™ F&2 A <L(grayish pink, 5R 8/2; grayish
orange pink, 5YR 7/2)¢] A7fo] ZA AGe] AR EATA FILAHom QAAH
ol 34 Alde] M2 w53 A (light olive gray)ol 7Hd $-Alsiot.

oj2]gt FetyF At wE IO EAZY Eue ZAAE o83 4 At
M= FAEsHA YEbd e (1|
FaA o e A AR AGrS deshd A, 2o A e BF 7709

A (color zone) = FE&4 S=dl, ZF 73k F7= 5~120 cme] HHE B
St} A4 AGe HgHom Fo [1x(37.5)¢ =& ax(16.9) S Holw F 5
% e A

To wEbd A2 diiE s dAstAle] vEldt) 3 2o %Q@“ A
gdo AR or = 1x(39.2)¢ F& ax(1
Al A= Axe weba] vlua fFARgE W sledi)ol UrEME}(:La 6)

. B4
To] HAE HAPE QJERAS Bio] HAEY 2HEHI X—4 A A
T LI

o) BAatoz TRAYHE 2, 19 7).

~—

(1) A2#H# A2 Y (Bsm: bioturbated sandy mud)
O 54

Ak Abd Ys 16BGC 3ol HAENA 7HE S-AsH delvds HAGo =
A, TR 1A HA T xR e o dvrd o e AE AT x
(burrow) & 2Fsta ot Auzd AHd e T2 HAE S HAE QA= F45
™ 2tz (pebble)# Rl A7]o] HeHo] E3hHo] oA wg B Eas
BT o] HAGY Mg A= 2 ADde ofFH, 4 T FA= tdsA
Uelbdth AEAES =S HAE A7 st o FREHAT g Hol

A AAFE olEH

—

o,
ol

u
»

@ 4
A FEE AW FFu U] F2 Bate] LwkEAY Hgse] An
54719 BAE B AAH HHRe] £35S B FAHoR Adsle] # W



Color L* a*

O 5YR 3/4

50
10YR 4/2
10YR 5/4
10YR 4/2
5YR 3/4
1 00 5YR 3/2

10YR 5/4

150
—_
e
3 10Y 4/2
o
=
o
(D)
e 200
)
—
o
(@&
10Y 4/2
5GY 5/2
250
5Y 4/4
10YR 4/2
5Y 5/6
5Y 5/2
10Y 4/2
5Y 5/2
300 5Y 5/6
5YR 3/4
5Y 5/6
350
5YR 3/4
a9 6
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3 2. 16BGC 0] HHZo tigh H#4 aof

Facies (code) Description

Depositional process

Bioturbated
sandy mud

(Bsm)

Bioturbated
mud (Bm)

Indistinctly—
laminated mud

(ILm)

Couplet of
Thinly—
laminated
mud/muddy
sand and
homogeneous
mud

(TLm/TLs &
Hm)

Generally brownish; pinkish clasts rarely
occurred; very pooly sorted; intensely
bioturbated; coarse—grained angular
clasts randomly scattered in fine matrix
without internal organization

Olive and grayish; Poorly sorted mud
disturbed by bioturbation; rare or
absence of coarse grains; primary
structure absent except for diffuse
laminae; facies thickness variable; facies
boundaries poorly defined and irregular

Olive and grayish; poorly sorted mud;
indistict or crudely laminated;

no systematic vertical variation in
texture and laminae thickness;
bioturbation common; facies boundaries
generally gradational

Olive and grayish; couplet of a thin mud
(silt—rich)/muddy sand lamina and the
overlying homogeneous mud lamina;
lower silt—rich (sandy) laminae showing
thin parallel lamination, ranging in

thickness from a few mm to more than a

decimeters; lamination recognized by
alternation of thin silt—rich/sandy and
clay—rich mud laminae and occasionally
normally graded by upward decrease in
silt content; sharp and distinct lower
boundaries; common bioturbation
especially in the upper homogeneous
laminae

Hemipelagic sedimentation
affected by floating ice
(Stanley and maldonado,
1981; Chough et al. 1984;
Polyak et al. 2004; Stein et
al. 2010b)

Hemipelagic sedimentation;
weak contour current (Stow
and holdbrook, 1984;
Matthiessen et al. 2010)

Contour current (Stow and
Holbrook, 1984; Yoon and
Chough, 1993) or meltwater
plume (Hesse et al., 1997,
1999)

Downslope bottom current
with high sediment fallout
rate (Stow and holdbrook
1984; Yoon et al., 1991)

Fine—grained turbidity
current (Piper, 1978;
Chough, 1984; Hill, 1984

Yoon et al. 1991)

18



!

AdA B Aoy oFsk A F(bottom current)ol] 23] JAE Ho= YT
(Stanley and Maldonado 1981; Chough et al. 1984; Chough and Hesse 1984).
A Ao AhAetes 2HGE S 7 ER AESE 258 E Wt frEet
= WAk gRjogXHE 7|23 IRD(Ice—rafted debris)® 33X ¥ th(Darby et al.
2001; Polyak et al. 2004; Matthiessen et al. 2010; Stein et al. 2010b). A3} #]

oA ol F EAAES 7] s 5] o] dFstal YT TEol F

ol A Z2AE A A S (Stein et al. 2010D).

¢

(2) Bx# Y(Bm: bioturbated mud)
© &4

A U BASS A b U EAR A vE) A
ok Aug YU IRDS #e 2HAA7E 719 glo] AE9 HER
Ux] Bt B9 HRlth o] HHNS T2 H3M ALS un 7t 4y <l
AE7]= sk, Aalgk Fx27F Auj Aot o] E| A A Bsm B A4Fe] A
of waEAY gujgt T2l Y(Llm) B4 ol FEHoz 1A Hr}

@ 44
ug FxE A ARl Sl YR =B FRY JLARI
FREE ANZA A5 FYE v, Aue J 944 ud e
A4 el FASNAL ARl GAe=, ot A% APede] FFurhe

Fof A1 Ql e Al 7ol @3 HA & WslE st Zo® A ET(Stow and
Holdbrook, 1984; Matthiessen et al. 2010). wgbx, AAAYEL] o] A=
T HAEY v A A7 g WA Ak e
AL glH A &S slel, W= ofste A7 dF v
ol AN = gk 727t Al vErd Aot

(3) g3 €58 Y(ILm: indistinctly—laminated mud)
O &4
sugk JFeE Kol HANS FAV BE A cm oldtolw g Yo
oAM F HAZ ASHA detdu. 2242 AHEdR e FA A vlE g
2 Eueol @ 5% SAS BAY SEe diE AEE A HdEH AV u
= :

w5} olol 4=, A7 Aol 4ol



o ol FAE BirAaAl et 2o Fue iR Heea #39
A U G Aud T4

Bl
o] vhehdth, B4 Aukel A7 AaAE AW o
W FA X =8 Al e] Aol $Alsl TR,

@ 3y
Ao wipHAolw Bel&kAolw Fax & Fde HA4F Yo B
= <

Akl s AAUE AuT T

Chough and Hesse 1984; Stow and Holbrook 1984; Yoon and Chough 1993). &
g Al A Aol s Adde] =3 HA=o d¥ ez HI 5 (nepheloid
layer)o] " 4= ql=dl, ol2l3 EEFo] AU S wet FEsks A Tol Al
Hd HAES JAA7IH 3 St 2EE BHASol F4Y = - (Stow
and holdbrook 1984; Yoon et al. 1991). AWkl Hughe] = Bt S27F B
¥ = A2 FHAEo] v EAL(ANE Yol vl iAo m EUuT AL
thoofxy SAHME Wk FEF
R 4=F (turbid meltwater plume)E F3 +Wd Al€d B4 A7 #
, TR U HAE st e mep Ao R ddE=
=

%
27 A4d 7 ke Bk ok (Hesse et al. 1997, 1999).

S

(4) ¥+ Y/AHTLm/TLs: thinly—laminated mud/muddy sand)
O
B3 EHAGAAE 7 omm ot gk HEA(EE AME) A HEA AR
= ] 27F e Aadd Ao e
2 AW HlaA dH st

@ A

oFaL grH Aol Augo] mefsi FElg S|, W A AAWH T2 v
o= AYgd HAER FA4E AR HASAA dRAoR B e EAE
o]t}(Piper 1978; Chough 1984; Hill 1984). A8 A AEF= F2 gHEAW =

20



SRR

9

a7

[e)
tHYoon et al. 1991; Lee et al. 2002; O Cofaigh et al.

A

al
=

57

=

Y= AA AEF{F7H
(5) ¥ Y (Hm: homogeneous mud)

2003).

)
@

)=

4 o HHgoRA,

THS ARRY T2 Ao w

54

ik

)

W
M

X=41 Ab

file)
mo
i)
Ty

o 4] o] = o] At

}23]'

4]

B 2~3 cmZ $HA yEhd).

Stow and

o] A =M A
1978;

=

3 A ¥ oh(Piper

=

21

Aoz

T+ Y= 7.0~8.60% HluH AgAo]r X-A
A R

9

(e}
a4

|

Ay
CEE!

=

=

Aom olsHd Adel U

o] Aol
oS T

o]
o

-
1_4]/\}
o5 Hol AHZA AHEF(fine—grained turbidity current)ol] 23] I1FE

of A &=
34
w4 U o

o
Shanmugam 1980).

@
FH =



5YR 3/4

£ 50
=
=
o
[<b]
©
[¢b)
—
o
(&)
10YR 4/2
10YR 5/4
10YR 4/2
5YR 3/4
100 5YR 3/2
10YR 5/4
130

MSG
a9 7. FAge] TR FAES X-4 ARAL.

22

Bioturbated sandy
mud/mud (Bsm/Bm)

- Thinly-laminated mud

/muddy sand (TLm/TLs)

S Indistinctly-laminated
mud (ILm)

.| Homogeneous mud (Hm)




130

150

= 10Y 4/2
o8
o
oy
(D)
e}
o
o
© 200
10Y 4/2
250
260
A=

23

Bioturbated sandy
mud/mud (Bsm/Bm)

! Thinly-laminated mud
/muddy sand (TLm/TLs)

E Indistinctly-laminated
mud (ILm)

| Homogeneous mud (Hm)




260

5R8/2&
5YR7/2

300

Core depth (cm)

350

5Y 5/2

10Y 4/2

5Y5/2

5Y 5/6

5YR 3/4

5Y 5/6

5YR 3/4

24

Bioturbated sandy
mud/mud (Bsm/Bm)

- Thinly-laminated mud
/muddy sand (TLm/TLs)

S Indistinctly-laminated
mud (ILm)

.| Homogeneous mud (Hm)




b o (2d 8).

l

IRD &=

, 24,

0 A}

E7F A

7]
™

1~6 mm= T}

=]
w4

R

8.90%

IRDZ &j|4

L
e
o

T

T
a

o]
H

F29] A7)
wao)2 wrso] vy

A

Fo] FHAE 0~5 cm 77 ZA(moderate brown: 5YR 3/4)9]
1

iy

g, 134 A
(1) Unit I (0~5 cm)

=
o
s

N

mj

el

0

(mottled)

ki3

dELEE

1A Yepd,

b U4

R8s

e

3|

Al

o

TaE7t B
T

o]

1A

e

o 72 T3 M (light olive gray: 5Y 5/2)2] 3|AAY 2MAlo

9.80= Aol HES HEZ}

19

-

9l

2~3 mme] H|iu
o

1

R

(2) Unit II (5~63 cm)

B

X
ol
N

)

]

/\Olo
A
il

&

S
3

S
S|

S|
2k
|

H] A

1

R

A wEb=d, o

A2 Z (burrow) ol 2]

All
}(dark yellowish brown: 10YR4/2)

4

=

=
[e)

3

o]
F-(F A% 94 cm7HA])

A

2d A
fe=]
=

iy

=13
=
by 7
‘0
O]
25

2} Atololl WiEF 2 em FAE TLm
=

=

o
2
S ¢F 3 cm TFRFA A RE A
Z

&
°©

]

35

oA =

o

2 dolAn, 1

o

ILm¥} Bm ¥
-1

el 119

AN A)

[
i
=]
=

Z]
&

48 cm HF-tol

5171

9

o9 1119
63 cmolA A% 83 cm TUMAE e

o

=

1%
A A

o
(3) Unit IIT (63~123cm)

(IRD)¢] $l+= ILm ¥

8

=



Depth |, . Columnar Sed. " "
(cm) Unit sectiohn Color facies No. of IRD L a
o T .FEossit. - ..
11
50
111
100
150
v
200
250
v
300
VI
350
VII
378 11 ) T T T T T . T T 3 T x . ¥ 3 T b
MSG 20 40 60 80 35 40 45 6
[ Brown tone | 4l E‘tﬁéﬁ?:é?g::}%ym) [ | Indistinctly-laminated mud (ILm)

; ——— Thinly-laminated mud
I Gray to olive tone Imuddy sand (TLm/TLs) [ ] Homogeneous mud (Hm)

a9 8. 16BGC 3o H A Zof st T 2.
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Hek A A A Fe FANE W AXE 94 cm olFtEE A (moderate
brown)¥ 3] Z A (grayish brown: 5YR3/2)2] Mol x4 o=w e,
107~123 cm T3F> 322 (moderate yellowish brown: 10YR 5/4)22] 7] &<
3] (grayish brown) o] A74e] AbAlste] vebdn S99 IS A48t S48 =
2 8709 Hy Y= EF WA wf EFT FHE(1.1~4.10)F Holed], A
E7F A% YA HAEI A mefol Aol FHuf 20% o] EIFE o] veRd
th IRD A= 80~93 cm it A|Qe 72 FtolA Hd 8 mm AV =
Yehthsd, ARzt AE 1 oom 3 B 30~407] 7FF 2SS, ST A
= v A A2 ] IRD7F 2bEHTh vyl A% 114 cm F2oAE AlEZE IRD
J2F 30~60717F FFsHoz vepdrt, S99 IS FA4ste A0S S99 13
ol Bsm H Aol A Fxtol] AA AHSHA vEbdtt 53] 73~80 cm 73HR
93~116 cm T-3rollA Augho] HAFHE = 545 Bl Auzt 2= F2 AA
A& A Z(burrow)ol 28 Zldl, &otor #d 7hEd AES HHE 5

oJstel FAE 2t 9 Fuyel $AF,

(4) Unit IV (123~252 cm)

SR Ve AGE AvbHo R 3 xS BN Aldoe] A%, 123~239
cm T A= =3 M (olive gray: 5Y 3/2)3F 3] A (grayish olive: 10Y 4/2)9]
W5k, HEH 239~252cm LA RE S5 A(dusky yellow green: 5GY5/2)
ol PAg. g Aol tE A4 Wt AR oA om yehdth S
IVE TAstE HAES H Jd=7F 9.70 Wl HEY FH3 Ud HAHEZA
ST delAe] fEdsteE v 4% gtk EuET HlaE e BEgel HdE
o R Qlate] AN T Il Hls) A or Fagk Holth o] FuheolA
IRDE A9 #2EA etk S99 IV T3 Z99 119 FA18H F2 ILm H
Aoz FAHAN, FE7F gl Bm HANS A9 QIAHA e TLm =4
AL 1~4 cm T Hell 24 FA= o] vebt
g, 1z = Z99 119 843 faeg dFE 2~3 mme] FFE B
oj7|w Ft}h. 53] TFUF wlwA FHA yeiue wsE] s A8 E e A

-

g woln], g¥ AAE HolHol ALt WBA TR o8] metso] b,

frtl
oty
=
rot
ol
i)
i
A

2
0$
S
>
o,
=2,
2,

-
1

(5) Unit V (252~319 cm)
3 VoAM= 2 =524 (light to moderate olive brown: 5Y 5/6~5Y 4/4),
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gaA aA 5 g AiFo]l ¢AstH FolHl A WEtE Hd. trk of
270 cm TPl = AAAIL ] A ol &4 Al (grayish pink: 5R 8/2;
grayish orange pink: 5YR 7/2)¢] A4 dAtSo] BRH o2 #2E1 2890~296
cm T7He] ¥ Yol A 53] M (olive gray) ¥ 3|34 (grayish olive)o] w3}
Uehdth TS89 ViE 9409 HAYEE Holt A% Rt AE gsfo] n
4 2o Ud HHER PAEY BFS 1.7~240% B UH u]$ BeFE) o

A

El

==

Ao TLs EAAo] FAlE FdAe BHet AEF] 65%7F WA AR
U=z FAEY Ba =g UHT ZFotA yetdrt. o] Su9l= HANY S
7|Eo & AR (252~282 cm), =5(282~302 cm) % 35 (302~319 cm)E &

o] 7bsstth. S Vel % E%QP SHi= Bsm EH Aol v AT Fohe

T2 =z (olive brown), ZZ A (yellowish brown) &9 Z4 ALS wr A=
MA g2 (burrow) ¢t IRD7F AT 5= Fde Blv 529 V o459 7A-d= o
Ao @ Bm E Aol xS, 2 AdFol= oF 1~2 mm HA 9 ApE AL
Ud A7t A& wzs= TLsok Hm ¥ #74do] 3545 Wrh. TLsek Hm =A%
o] Aol A= w3 M (light olive gray)®l @Y Bm = %743 Hm ¥ A4l =4}
Hoz ¢ cmo FA= HEE .

(6) Unit VI (319~357 cm)

&9 VIdA = E53 M (light olive gray)el A -3t AH A stA Yedt
t}, o] F7rol EAQ HAHFL ILm¥ Bm HHACRA A% BF & H]S2ET)
ILm HZ&4 7+ 9.909 HAEPES 1.209] EFd BH4S Hols= HEI 44
s Ud HAER FAEY B 7319 ILm A v&) FE7F 6 3]sy
An#E7t =4 Yelbdth Bm B84 10% o3 2 d5e Hols 73k o
FRJAAEAR, gAZ AYd HAER FgEnh obgel 1 mm % 719 IRD
JAE w9 EEA eI E g

(7) Unit VII (357~378 cm)

Ha 9 VIS 366 cm ARE V|soz AF RS A (moderate
brown)®] A& ww spF-2 7FPHA @524 (light olive brown)®] Aoz A
A WstE ®Welth o] 3o HAA®Es 9.4~9.80= SAHHH HE YA A}
4 Yz Fadn A Yo Agele g JER FAHAT, A4 2 mme
ZHUARD) O] ol webA HAE F3d 93Fs & o2 A4dnd. 9%

fr
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T3 1.2~1.90% E%3 Holn [RDe| e Z7iel 3 v B} o
T HA Fxe FEE SEe Gy A @a gy o 719 dus
= AEAA TR o8] W@ (Bsm)EH o] Attt E3], ZM(moderate brown)2]
de we A Rbel AsA weEY shiR das vl dactes NS
welth, ZHYA(RD) Y] X Y2 357~373 cm T-3HollA 2 mm H74] A9
A 9A7 1 em (Ao R FE 10~2070 7hF BE¥a o 2 cme] A4S zhe

7] R 7] Edfo| 2EA st AEFEd HAE YE AT (P79 Wt
719l 71%Z2e met 7 5ol oEA yehve o= BuEial ok(Phillips
and Grantz 1997; Jakobsson et al. 2000; Polyak et al. 2004; Wang et al. 2010;

Matthienssen et al. 2010; Stein et al. 2010b). ZF 7] ¢} s 7] 7)o = AWHA
o7 FES Uy f¥% I P 92 WE 59 5EAS Holw AMY FHAS
(brown layer, B)o] A =™ Ak 2] %S (lithological marker beds) o 2 <&zl

T3 2 dAM9 tofol]E(diamicton)o] FitAH o= dhdE k. v WEhr]of =

=2 v A3 (microfossils) T M2 HAE2 FAE vy vre ye (3], g
S 2 A )] FAZol JAE webA AE S JAE S YE AT
olelgt 5450l V5] ®iste] wepa ¥R o ® T

Stein et al. (2010b)& 45 =3l (Central Arctic Ocean)®] EA|7]1# 1 7|5 W
3} FFE oldatr] fF HAoR 7o) duEE A4 %_y,} BE w3
tlololul & Z=o] flat mudlS Aotsdr), o] mde A (7 7]))E A|Fow I}
Aell WA oz Y 2 o sxpror HoE H(BI, B2 S)dta FE
A FEHEE BE 2 8 A9 tololulE Foll M E 2ol B HAE IolEd
Hlaleto 24 Fojthule] ALg¥th 16BGC o] EH &2 ZA AL Fv9 1, 11,

WA Ao A BEH PS72/340-5(F4 2349 m) EHAE F:o| (1Y 2)01]%15 7&%17]
sho W7 FI1E AR AN F3h 2 FUTR] olgh fAEE Mgt el 5
AEo] IEEowEMN Zu9] [, 111, Vol Asty 2 VIIeF thu|do(29d 9). &3



16BGC PS72/340-5
IRD red-green
Depth (>2mm/10cecm) colour space Depth
Depth |, . Columnar Sed. ¥ % *
Unit : Col 3 cm a
(om) ™" section o0 facies  No-ofIRD c @ €™ s o 0 15 6 2 10 (:m)
- 0 + L [ .
0 = { o
50 §
E
00
100 e S
300
150 %
i |
200
250 —
| —
300
700
350 = s00]
VIl %
378 L | ——— T T T T T
MsG 20 40 60 80 35 40 45 02 4 6
diamicton contact
k3 iamicton, mud clast-rich =] — distinct
[ Brown tone [ ﬁ's\‘j‘/‘:jﬁgi;’""gm' [ indistinctly-laminated mud (ILm) [Z77] mud, sandy E==1 mud, laminated ~—— erosive
I oy tooive tone | [ Tt laminated mud (] Homogeneous mud () [ mud, massive E==3 mud, sandy, laminated to bioturbated
nd. nodata E= mud, stratified
mud with mudclasts

13 9, 16BGCSF PS72/340-5 EAE F0]

30



O 2 PS72/340-5 Foj9] B3 shy-ol B 284 5 dARH(IE 9). W
at71¢k 7S Ak PS72/340-5 HAE olo ATt wed 3N B

A8HoR, 715 AASE ZA F, IRD %, A4 2 HA3(EE )
W 3slo] w2 16BGCS PS72/340—-5 H 4%
B FojolA A4 Ade Fwke] 1, 11, Vo A3 2 VIIE 7] 718 X3
7] HAFZoRA, 3 Al THS I, IV, Vo FH 2 Vi W&
23 7] HAFoRA s HEY. S AAE] BE, S92 MIS 134, &
9] 119k 111> MIS 3, S99 Vi MIS 4, 9% VIgF VIIE MIS 59 v 5 +=
HATH(ZH 9). of&d T Hek Adie] st FrEele] I sA Rt
2 16BGC H3alH HAELS MIS 5(¢F 7~13vhdd)el] sidsts AuE
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