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A study on the late Quaternary paleoenvironmental changes in
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SUMMARY

(4 B 2 o %)

Title Late Quaternary Reconstruction of paleoenvironmental changes
in the western Arctic

Purpose and Necessity of R&D

High-resolution reconstruction on glacial records and paleoclimatic/
paleoceanographic changes in the western Arctic Ocean during the late
Quaternary glacial-interglacial cycles

Join the international survey of the “RV Polarstern’ on the perennially
ice—covered central Arctic Ocean crossing the Lomonosov Ridge for
Promoting participation in the International Ocean Discovery Program (IODP)
for drilling the Lomonosov Ridge during August 2018

International joint submission of drilling proposal to IODP for drilling on the
continental margins in the western Arctic Ocean/sub-Arctic

Understanding diversities of culturable strains and their adaptations to
deep—sea sediment environments in Arctic Ocean through isolation and

characterization of microorganisms in sediments

Contents and Extent of R&D

Data securing on the glacially-influenced sea-floor morphology and shallow
sub-bottom seismic profiles (SBP) to submit the IODP proposal for drilling
the western Arctic Ocean

High-resolution reconstruction on the late Quaternary glacial history and
paleoclimatic /paleocenographic changes recorded in undisturbed long
sediments retrieved using the Jumbo Piston Corer (JPC)

Cooperative development of the applicable proxy for reconstructing the
paleoenvironmental change around the Chukchi Sea and adjacent seas in the

western Arctic Ocean

IV. R&D Results



O International joint to develop multi—proxies to reconstruct high-resolution
climate changes from the western Arctic and on the Lomonosov Ridge in the
central Arctic

- Establishing precise stratigraphy of late Quaternary based on correlation with
previously published data sets, MSCL, XRF-core scanning analysis and
paleomagnetism, etc.

- Microfossil analysis on surface sediments and Neogene sediments retrieved
along the Lomonosov Ridge in the central Arctic

- Proxy development for the climate change reconstruction during the Holocene
(biomarker, bulk/clay mineral, organic elemental isotopes) and reconstructions
for the sea ice extent and the climatic change on the land

O Reconstruction of Holocene climate changes with high-resolution records (e.g.,
Arctic oscillation)

O Microbiological assemblage analysis related to climate changes and research
on metabolome analysis such as bacteria and/or mycete isolation

- Isolation and characterization of microorganisms to understand diversities of
culturable strains and their adaptations to deep-sea sediment environments in
Arctic Ocean

- Fifty bacterial strains were isolated from Arctic deep—sea sediments

- distribution of bacterial assemblages and physicochemical properties in surface

sediments changed gradually from the Arctic continental shelf to deep—sea basin

V. Application Plans of R&D Results

O Production of world-class research results with international collaborating
institutions

O Launching and conducting governmental big R&D projects

O Providing basic dataset for Arctic deep-sea drilling in terms of IODP

O Joint submission of science proposal drilling for the western Arctic Ocean to
I0DP

O Araon Expedition into the Arctic countries’ waters (EEZ), and the Central
Arctic Ocean covered with perennial pack-ice

O Deep sea—floor drilling using MeBo operating onboard new icebreaker
ARAON
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doz wAYZtHEA WS olEA 7= HF3 S| F(TPD, Transpolar Drift)=2 % o] 3]t}
TPDol| ©]&f ¥ty = s ZEallyd Ho2 FspHA] Hi 5~20 cm/sec 52 F7Hgt

(Thorndike, 1986; Gow and Tucker, 1987). &F=3l 3l® el F 20%7F vid ZHa S &3
EOAGoR FEHY o T gRES td "ot BS54 FEE NS SuYY &
oAl 57 wEed sgel e dRErt ulg w2 dio] momHA o] ddef A

dian s

Ice Age for the Arctic Basin

MINIMUM ARCTIC SEA ICE VOLUME *~

a9 1-9. 5= dWe FAE AF2ush
o] 3l gkolx]ar <t} a3 1-10. &

:(I)I=
=
_>1:
O
o
o
rL
o
- v
[\
iy
ox,
o,
=

Aoyt AzE o] AAhstes S WA= S ¢4 4 JtH(Kinnard et al., 2008). 7}

T JE A B E B AR5E 19799 o] F S ol &3 #AFE Az} U
shoh, Eefol A s X o 7HExE](sea—ice margin/edge)”’t $E = wEH S A 7|9 Y
of wel 25k Aukqox vy 7pdztE 7t $EEE e A4y F7](decadal-scale) W
sttt o SFEle, ol 20417] s ExEst sl dS5AR % mdy Auet F JdA3
(Steele et al., 2008). 1¥ 1-49} 1-11bol A9} o] AdAtge <ol H=3&] sy Ants
o2 hdhe AFE Hola glon 53] 99 Fool UMY ®ol At ma 2Rk
Boulderell 93 v =71 W2 2 A8 (U.S. National Snow and Ice Data Center)oll 2]&}H,
Ak 30 zE Wske] Fde ostd wf 10d <t ¢F 11%9] ol 7Hastar vk 19799 9

_l
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AoZo] NFHE ol 2007 9€ 4.28x10° km*® FA3] s o] ZAEgen 20129 99 o
A WA 343x10° km’2 A4S ATE GellA AFdutel o] 2016191 = 20071 7} H]
g Al o 2WA WA 414x10° km® o2 A
=l sio] Faskes A o] AR FEEIL vk P 2 ddE T 5E5AYY
>3} (Rothrock and Zhang, 2005), 201z o &3 3] W Al &(Stroeve et al.,, 2006)3} 52 i1
g 2 =(Northern Annular Mode)¢} 4= o] (Dipole Anomaly)? #& ti#:E =AY
(large-scale)®] 7] sfElo] W3}sl= wA(changing phase)?l <& (Wang et al, 2009)°. &
FA& 3 9t} o83t 7] Z A # (atmospheric forcings)o] =319 thiy S =P S =
al FEAIZIAL oFol diFEe] A mobmge ddA SR diRE FA sle
(Maslanik et al., 2007a), el € %S W3lA 7 L (Polyakov et al, 2005, Shimada et al.,
2006), FH BHo| F713st= - %(cloud cover)o] HFOo R FUHE Hy EA ZY~
(long-wave radiation flux)E Z7}A Z1th(Francis and Hunter et al., 2006). A A= 425 ¢}
HF3EA 5 (buoy data)ell ©latd e #jE il FAL thdW o] o] T st e Ao
2 Yest (Maslanik et al,, 2007b) (729 1-8, 1-10). A A= 198213 20073 Alole] 51 o]
Aol thd "ol 56 ¥ E Ao, 19873 39 H ESF77F 2.6 molA 20073 2
m&E 743 tH(Maslanik et al., 2007b).
Zhang & Walsh (2006)2] AF+Z3} o] oshH #=H W EEL Aol A 7Fx ZhA|F o]
b Ao R IRIHAT dAo AFdsrt AEHow Tr&st d AS &H
3 od5d WS oF 2040374 1x10° km® o)se] W
aFal lth(Arzel et al, 2006). L&y o]52 214171 &<k AH s 20471 Bk GFobA Al

ARk A& 02 AT AOR o FaFA T

AN

O

WA qae 7

_151{

rlo

=

|18

17 g
s 2
~ [21] -
£10 1162 £
5 = o
=8 115 2 =
= p |
oL o
5 8 / |
o September ice extent
E 7
E | 4 ! ! ! 1 1 1

1880 1900 1920 1940 1960 1980 2000 1980 1985 1990 1995 2000 2005 2100
Year Year
Kinnard et al., 2008 MNational Snow and Ice Data Center

% 1-11. a) 18700 dF-¥ 2003@ 714 AEd Hu U EE} 54

et al, 2008). T/ AdL dye] v Hlxe] AUl W3l #HEs UrE]r‘ﬂUr b) 1979 5-E
20097k 15% ol HodE  9¥ R HAWMEE  HFTH(NSIDC, Boulder
2010). A 30dzF Wl Ao ot v 10d Bk oF 1 5 7

_15_



= X2 G FAadH(Perovich et al, 2002). o8 A H=2 WHALELS W=7} 10% ©]35FSl

A¥E U £33 dea 2Fawe] Fe GWES §e uAe @3S Heln e
Od
=

HAHEA Thrle] Dol FSAE FeHA HIom FFel 27HE Sl Hdadn
(Serreze et al, 2007b). ¥d&e] AFRLL AF% E= o <]
o] ool wet oprlE = Wyl £ A AsE g oY A REE 7]
o] o]bstet A F=A(COy level)7t S7t] mE &= 5359 2ds7t A&HHew FEHHE A

3} th(e.g., Manabe and Stouffer, 1980; Holland and Bitz, 2003). o]&]3gt &=

o
il
o
>
oo
mlo

o] 3% (Arctic amplification)& ©F7] A17]= ofg] 7kA] ZEA L FolA oY 7kA Aad F
oA e HAAast 25 Gl ®sto) g slow = F vk e FHo] HAsHHA
7F g2 iG-S 'Y AUAE fGA S wieel A5E dde £ 5
of B AdAZE S7keA "uh ol# g B Tkl AAEE ANE =HAL AR G4
=HA 7] el diFel A 7= diifRel & FFo] dojuAl "ok (Serreze et al, 2009). 71
Hu 55 SF qrEE 7|FEREd mel A4e] AFelrk vk BlaA 7)o ef2 AXWS 4
55 SES W33 h(Holland and Bitz, 2003). #H<te] #Ze] <lstH
Serreze et al. (2009)°l ¢Jst¥ FZH 243t o7t e 7|5 BEdoA oFd Ax w9
FrAFSHAL J=ell e AL 3l
715 EdEe =] (i SlAYeR rEHe RGK)S Mt dark
Ade] tFestol J&FS v A 4 th(Holland et al, 2001). 53] E=3) 3o HowmA
st sl7h diatEe H=dE WA ur S g
A AHAowm FUHEA. olHA HWA tFege] faAHA LMY A5 (NADW)

Ao o]24 ®vH(Clark et al., 2002). 1960t o] 5 EthA o] FAE+= G52 7]do] &
1:]

=31 Aoz AdHA JdtH(Peterson et al., 2006). H sl HFHAAYo R FE5H+= 59

_’lé_



ol % Aolth Lefih AL Dojupi 53] ARG ofy] A7E w9l W (forcing) el Th
@ W] B AAAA L ofAE oJrow dol g

Al 471 k7= 7] F718 Eetel 5 i T HdlntE AdHery f440
¢l Wstel AFS AA Fdth AAR Seto]2EA Wehr] vk =5 Fd

ol EAEtA Y e FAE] Hobdnh 2y vlud FHZo] dojwtd Wehr]
98ta= 7] 88k (geometry) ol & <A th(chronology) A7k o4 3] wopsltt, waks =4
of FH tiFol= mpAY Hol W 7(LGM)el dojytd Walr| o] 7Hd 2 BEH Hol
JH(1d 1-12). $7] Weichselian W3}7]ol A LGM W HwujojA 3w d Zdlelol= wWA
(Laurentide ice sheet)Z} ©]Fo] At W d(Innuitian ice sheet)o] M= A HA Avjd &
Waow AAMA S5 dHEE7HA &8t thDyke et al, 2002). 7] Zefo] ~EA wj
5 frebalol disole Hrjol SAYE HE5Ad Blus s A27]9 WAdo] npal=er 7het
o] dHFeol =AU, = 2oojFole s HlwA digrEe] WAo] =AU
(Svendsen et al., 2004a, b). it = = 3l7] Fot

)=
-._l._"
= S DAJRANE, EE AlHE oot STt hES A HL sawio] wiokd W]l o

Eo7HA gk e 'ALE B8 558 ol EAsE ddgely tiA So] 1000m ©] <]
28 Akl it o] Wetel osf af Aol FEFe mAHT AR el A ATH(Jakobsson et al,
2005, 2014, 2016; Darby et al., 2006; Niessen et al., 2013; Stein et al., 2016) (¥ 1-14). &

=3 TFAGES NEAEZEE EREAE FJHS vtd=-7lgt g EolA "ol v Wg o]
v FEe A WAkl o8] HAE Aog FAHS 1 dth(Jakobsson et al., 1999; Polyak et
al, 2001). o]¢} w2 =7t HHo| f1xs H A8 73] (Chukchi Borderland) =&
Elol= WAt A Wolx] 2 YR e 7] AW (grounded ice)ll &af WHEAH o7 dYogldr
(Polyak et al, 2001; Jakobsson et al., 2005). A3 =2 A 7|vk WAy W] Baj=

Yk gl Fdd #dE 559 Tad 715N ARdS 7R A (Darby et al., 2002,

lli



2006). mHAlEE Hof W Etr] o] 9 H=do] AW Wyt $EHEE °F 18 ka BPFE 12
ka BP &<t S=38]2 diqf2e] ®Wite]l fd o] e F3g SAV AHA E 755
o] Adt}h(Polyak et al., 1997; Darby et al., 2002; Knies et al., 2003). &=3fc] 7]&5% o]& 3k
7133l AbAS Enlol HWEt3E S (proglacial lakes)ZH-E #71%] 7} -5 (Mackinzie River
drainage)S &3] HF3E Y5 += A &9 57 sukEH(Lemmen et al, 1994). &=
s Felo]l ~EA 79 sy 7)ol Htell dojd iR 7] Fk Wkl os] I 2 fFEhA

o} Z(glacially-dammed Eurasian rivers)e] &3S WAA 2ol W7 532 FH A
tH(Polyak et al., 2002; Stein et al., 2002; Mangerud et al., 2004). o]Z A #=}7] thitRe &
Wy G557 580 AN 5538 F9EAY T 125 it Avst ¢S

e wpA ek Ho) Wely] o] % oF 10 ka BPAY-H dlFHe] JEauA diEael s3]
dojuw A e mzth

S8 etgate] V1SS AR dS el siAel Zwhs Fa EAAY Y A%
7} & ¥ (build-up and decay of marine-based ice sheets on the continental shelves), ® %5 2]
7} %3] (development and disintegration of ich shelves), 3 <=3t A Ao F243% W3l 2
AY) & 233t (Jakobsson et al, 2014). H=3l9F 1 FHY 1% OiFdA W7 &<t
dojut Wate] F7Ee] EHE o QA HT] AAHgE Zle oF 100 Mo do|AARE, of] A%
AM #S5H FAY AE7F BFEST] witel HESfdA et 7] 7l ewste] A
H =g A7 g oy A2 ZpAA QL o]Z o] A7 H Yt e.g., Hughes et al, 1977).
1988 -8 1994 7h 4] - At HESF) o] Al o2 38 PONAM (The Late Cenozoic
Evolution of the Polar North Atlantic Margins (Elverhoi et al, 1988a))¢} ‘QUEEN’ (the

o
4
e
N

.

o)

Quaternary Environment of the Eurasian North, 1996-2002 (Thiede et al., 2004)) 3 ==
TEATEEOH FHoT ‘B 17§ P SIHAPEX, Arctic Paleoclimate and its
Extremes) X2 180] 2007dFE AFA AZEH A APEX 2238 &3 5538 @A E

F3 = Y th(Jakobsson et al., 2010a). ©1& &3 53] T4ddS =&
A e dFeoll el ®WAdo]l EAd Abdoe] WAL ofgA WAgo] Weow A
| S =x &l H T Jakobsson et al. (2014)
g At ow AAs] 7]E=stsl

18
S

=

=

[‘J

1
7} o] seltHA FAFEE HAA dEE THo| AAAYHEAIE &3] = AH(Niessen et al,
2013; Jakobsson et al., 2016; Stein et al., 2016). Jakobsson et al.(2016)2 W 3}7]2] X & ZA}
Azl HAE 3o AaE T W37l MIS(marine isotope stage) 6 A]17]1(190~130 ka

_18_



BP) % 7} Watrh Aoz SgEAN o 140 ka Aol o] 2Iasb lkm oA 7

& WBow Yol Yuttu AtEATh o2 A /=8 EAL 25 #7 odw W

sk ohie Hirel Warldlw At Wa WA ok giEiel thitEe]l W (ice

shelves)o] %=ale] Fabajodo]l Za4s Aoz %487 ArH(Polyak et al, 2007; Jakobsson
»

et al, 2016). webA H=e FHe SR ofyet S8 EEstal = tati dE o
=

Fgsgel ] H58 HHE zolo] dAQN EHS o War Y] /TS Aol
WHAE BTk JES] BT 5 Ak olF s oo Aol BN Aol ekl
wrhE vhAT Hu We)® 2@ F A 47) PekaE el 93 HAselA ojn

=2 v 7$HstE Rdste ARV g 2HA
Atk mEkA H=aol A HER S o] &3 AR AHAIAE S @A chirpoly SBP HARAF
AR 2ea A S S EAES ol &ste] B Al 47] Wekrld =R WA R
sl7F &2 W3l (ice streams), W& (ice shelves) 2 o]o] #AF ] EaoA dojgd |
S#9l ek ol @) tgstast she SAATIE @A F05 3 9ltkeg., Jakobsson
et al., 2014).

oL

2 o

Summer Ice Extent in the Northern Hemisphere
Last Glacial Maximum 2012

Source; Zunch Unwersny of Apphed Sciences Source: NASA

ag 1-12. mpAE Ho Wetr] of F ™ol HERbt e Ko Yol oiarRe tiSRAdH 2012
W oAg5FE 58 dde] HAaWHASR Fo]EAvH2017.02.06., http://sites.gsu.edu/geogl112/
global-surface-temperature/).
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Canada Basin

72°N

Bedforms + Seaward Extent of Iceberg Plou

-~ Morainic Ridges O Cores with Diamicton
‘Small Ridges Inferred Ice Flow Direction

<. Eroded Areas Broad Trough

180° 170w 160°W

a9 1-13. HA s e sA Mool A A FEALE Fal HzEE
H}A W3 EFe FAVE BAEATH(Jakobsson et al, 2008b,
2014; Niessen et al., 2013; Dove et al., 2014).

¥ 1-14. Niessen et al
(2013)= sA Wl ol &% 3l
Aol $1Agk FE A A F
71 A 471 WEkrle EAEH
A Wate] A4S BT
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‘Nature Geoscience“oll AlZ3F v} Avh(2d 1-14). 22 FA W ol dFE A a7}
EAATG= 2L T Estal Agtd siAAE 2 HAFAS FAAE 28 Yt &
A7y & FA HAE HAE Fol7l Fats] GEEA ol I AgE Ags] wE g ogldt

(Niessen et al., 2013).

kA B Aol = Ak 20119 FE 20133 7b4] 53 sijAXY 2L ARAFEAAR
£ o] &ste] ME=aodA Watrle £ Aew FAHE WatdEd S5 FHsL I
Mate] Bl AEge B WatdarE Bt skl a8 20154 ‘ol ’s BALE

3l Bu A WetEAo] HAH" HAFS AFotaa 7o HAARES E4 6] 4709
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M 2 & =uiel [/ se

18 A3 39 gy @

214171 &0 ME=ele] sio] 43 st Ad 109 dzt 7HE 53 w3 @A
© 2005 oF W= 9wl A4S RV, Healy9t R.V. Odenol ¥l ¥ 33 ol A -7-¢

L
=

o

554 B3 T4 7tEAY %9 HA7A TEoR AFATED - ALAFALE
33t Z1o] HOTRAX(Helay-Oden Trans-Arctic Expedition) =& 3 H(A-%) BAFTH(L
d 2-1). HOTRAX Al-& & H=3] &A= 199419 USCGC Polar Sea®t CCGS Louis S.
St. Laurent®] 553 &5 ®AFel o2 284 AT HOTRAX A-& 553 v &AL
5242 D) AFHAES o83 w|FREAT; 2) YHAEY A4S ol &F st
7192 g FA A sRel oa ERkE HAES VA s 3) A=Y FAMARE o] &3 A

A el ek A 4 T H=AE tREY Asas e =9, geAed &

[H
B

BTW

'R.V. Oden’e] ¥5o2 AM-% HIF3=

a9 2-1. 2005 v = WA 'RV, Healy’ 9 =99 A
AW E) (Darby et al., 2009).

33 HOTRAX BAMERQl(EHE AT AlFAH A (=

EH 59 FHAFATRAWDE 20084 89 1225F 109 F47H4 oF 027 59l 2
Ao}, st= 5 8= #HEAES At A= AW A RV, Polarstern’ S o] -§3te] =

2 ARSI o AT - AP, AP, AGHG L AR 5 FFASIANE
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FastATh 20089 FA 239 S 5d SETHAGA T HEE AETH9d Ay

oA AAAGGAARS ARG} APA TR PAARE A5

RV Polarstern expedition ARK-XXIII/3

Overview Map - Scale 1:48000000
2008 AW1 Bathymety

Copanx Intervat: 1000 metces

6000 -4000 Jnn;m;] 000 4000 6000 l‘aj 272b. 2008];5'_ ‘R.V. POlaI‘SteI‘n”_o,] Zﬂ 23/3]]’
o B 5 AA S WA A Fae ool
a9 2-2a. 20081 54 WA 'R.V. Polarstern’ A BAE Fol2 A]Z2d A A A,

g olgd B3ae HAPRY HEIRE 7
duA AR BAE FAF P2 D ATE

ALl (B M) e

Al 23/32F R.V. Polarstern’®] H=rall HARESH A3 A= A3 HA=9 4 A9
st7] $18) A4 <] Hydrosweep A & A=A 2F 3 e 4| 4] &AL Al 2~¥lS o] &35k 78313
. B AHE AFE 9ray AlF 3] (Kastenlot, KAL), 339 (SL), A et~ 39)(GKG)
o] (MUC)E o] &3to] =3&tit}t. Al 23/3%F 'R.V. Polarstern’ BHAS 4

F3o] ARE o]&dte] Al 47] ALEFdolA G533 MER HAE FolE o|&sto] FA
BHs Sl Watalelh nsdEd HddTel Fo B3l THS Fo
AA Tt (Jokat, 2009). HEF AFA FEFAA R Al FFojo A F5F V]S vF I

2

€ olgste] 5 Wl F FHs AN F7] TAWH LA o] F &

Al 18 48l = A3 AAE 20149 5 AWI= Al 28/43F 5= SEAR A =45
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THAIS FHEATE "HAY FE 5AHe 20089 % A EFE gAY fFAERH, 1) T Al 4
7] aLafte] Al s ekest, ngskE Bl SR EE WstE Ry, 2) AW Al 37
wEly &2 &9~ (greenhouse) ol A s o2 Gl
Wkt AALE Bt AT o)y g

42 Sete] TRPE B dFBAGNE BIHL At Aol gEEAA Wolg)
3 <]

for g T

A

HEeolA Hojx v el o8 HAAE sow FAHHE 7|HA Sl 1000m %o 3
Ao A A E AT (Stein et al., 2016) (Z1¥ 2-5). 20161@ ‘Nature Communications’ol =3t ¥
7] HA S vtoloA For W oW [PxE olfste] mHoe= RS dyE
UM W QA= FAE T3 o5 Hd = 5 F20] 4T oldew i

2 HodA FAd AR A5t (Stein et al., 2016) (ZL¥ 2-6).

IODP Proposal 708:
Arctic Ocean Paleoceanography: Towards a Continuous
Cenozoic Record from a Greenhouse to an Icehouse World

8o e (ACEX2)

y 110 Praponems R. Stein', W. Jokat', H. Brinkhuis?, L. Clarke?, B. Coakley*,
99, 100, A, Krylovs, J. . F. Niessen', M. O'Regan®,
102-108 3 ha c Sbckley’ K. St. John® 4 E ngek
109

*,
1

76 80/83
75 19
70

I 2-4. 20189 8€¥ Sk

108 274A oF
% 2-3. 2014 “EH2E A 2447 55 T4 | 63271 Aol gER QHE mRwAx )y
o BRxAZ fHEAT FANA AlFE AIFA | o)A “Arctic Ocean Paleoceanography: Towards
Ao Aol Ee el AHT BRI |, continuos Cenozoic record from a greenhouse
sed el WA (5 4)E 2018 IODP AlFA99 2 | (o an icehous world (ACEX 2)” F#2 IODP
2 AUEA B g AFIoE 53U | Ana s 22 "9 o Aot}

(Stein et al., 2016).

20149 ‘Eepavo] 2R AT HS BAT QE A7l sdd AETEgste o)
® okt <=(Martin Jakobsson) aFH 2w elAlol #8pEat FA Ao YA ‘e W(RV

Oden)'$ o|Za BY otehrzl w245 Zusto] ARTe] =X s|—EA v olsl-de = 3

_27_



e A EAE FGAHIEH 4). 2 d-gArlok-w5 3750l FastE BALZ R
“SWERUS-C3(Cryosphere, Carbon, Climate)”¢] F2 ®©AG S ‘WA-g2-7]F A~
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A g e,

29 2-10. 20104 ‘ol A Al@ &) FH 2013
A7HA) BaEAa ol 85d AFaolH 4R
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FEoh A38 HA4% o) dcea) 2
Aol ol Alebd doe WA(HE
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e Aol AZE U m Aol AFzo] HAES F5std YIAAHaY 2-13)

BAZEALS st AAFE A A A JP

K
2
A,
X
il
o
ot
Jn

th 20159 AlFHE 479 JPC o] HAES AdelA MSCL HFHlE o] &3t EHAE &4
(B, £ 2 5)& SAsEe dulsAE AHsAn 439 30 & JPC-032
oAl Arfste] HAHES S-S 7lA skl X-ray €8S 23] X-radiography A2 E 3

53tal St A H AL AT A Avaatech XRF 3ol 27U E o] &3lo] s de] A sfs; &4
S A dAAA Bt st JPC-039] HAEdE FAHE ol HEEA ¥

A" Aviste] 717 & BEHo &% Al grdo] Jhesld Ao® Bl T3k JPC-04
o] HAHEZL oF 507 d A o]Fo] dojup A9 tiytE WatEs 7| o] wig F HEH

AR deld JEd WEEE ol /%2 AT F AL Ao

"
-
=
sl
rx

.I_/

3;:
2 JUstn k. 53] JPC AFmo] HARBA ¥ AviEd @ f3E k2L ok
FPEANE AR F 0F ZEAE PHSe]l Bt 3FF ¥4 FAE BUsn F71/F7)

A 471 a7 -7 skl dold ME=ae] Wetatel aefdel asjgedists 4R
3]

of oa FA3 aMel gasta = AGAAWSE olssta mee JFWE A 2
JFe urh g ARA 5T 5 Y= ARz B8d 5 Ak FAUTE 0188 Rk
= sjgeld FaE I0DP APAF Tzagde 9 AT ol b

ole
;Oé,
19
o
kel
it
rob
>,
He
4
;Oé,
=2
2
=~
~N
offt
r o
oL,
ol
ol
et
offt
o
r]I.
e
ax
o
fru
e
2
3
rlr
N,

rlr
.
2
=
r
—
B
:oé
ol
o
2
o
]
4»
%0,
o
sl
o
fr
N
=
ol
K
%0,
v

_31_



i

USA EEZ

RUSSIA EEZ

2y

2

170w

a9 2-12. 20151 Al 62 ‘olgk’ A &8 A
(ARA06C) kel & JPC AlFA S et

Sediment recovered with JPC corer

[ &\

Recovery of sediments retrieved with JPC corer

Core Water depth (cm) Sediment recovery (cm) Number of core sections
01A-JPC 100 1040 7
02-JPCg 2077 737.5 5i
03-JPC 673.4 11325 8
04-JPC 2200 1386 10

a9 2-13.

20153 A 63} ‘olgf’ M EZEH ©
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(19 2-14b).

i

2 2-14b. AWI ‘ZEg}2E'o A ALE3}aL
Fakxg A F7|(KAL)ES o] 83} 20143_

_}{E r1r

% 2-14a. AWI ‘Eepadol M Abgsta 9l |
fgutag AF7)|(KAL)E ol &38le] 20089 A | 5 4G ZRiekx gatelA AlFd W3
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H 3 & A7 =&

0k
0
¥
H

E7 WAl 2 usistd wstE Y Hdsty] flste M e
AL FHALE Ed HAARGIAAE, AFASZEAL 5 AF HAE FoE F551o
X Z Al (multi-proxies) #+4]o] I Q3}TH(Stein, 2008) (¥ 3-1). WA E Fo= A
P flal Fel = 2014 EFAE FFALH AR BREAE Y FEEARe] o B v}
2015 ottt ME&E= H A8 —5 A vl g o} %
qr|EA S STl 53 VI2ARE Vst B3 2 AR e B3 E 246k f& =8

2 e BAENE 59

Paleoenvironment in High Northern Latitudes

Organic Geochemistry Sedimentology / Geochemistry Stratigraphy
CHN Rock Eval Ms GC Kerogen _ XRD Magnetic
=2 Gems | |microscopy| [Microscopy | | sieving JRE susceptioliy | | AMS c-14
cacon || Himen %, virioite | | Bulk Min. | | SRS ICF s ce137
# Inertinite
o index rg | (Blomarker) | e :é:‘;y”::lh WMiero Probe | | porosity Stable lsotopes

[ 1 I I I I I I [
Quantity, Quality and Maturity Compasition and Grain Size Age
of Organic Matter of Terrigenous Compeonents Climate Cycles

( Accumulation Rates \

J

Micropaleontology

Namnolossils Reconstruction of (Paleo-) environment

g?,,“;';,‘;;g,gg = SST, S5 (Uk ‘37, TEXg, dD)

Diatoms Sea-ice cover (IP,;)

Foraminifers Surface-water productivity
Frosh-water input = Sediment echosounding
Organic-carbon composition, flux, and budget
Climate of source area

Circum-Arctic icesheet history

a9 371 559 39E s el VAR

R

o

98l Ag5E thFE 3= A (Stein, 2008).
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Al 1. d7uWE " A3 0 BA onE 3
L 2014 A 28/4%} “Eeha| BIe $% RReAEAGTRAL o] A}
7 gL
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Falofel tg ALY IEAE AR FAse]l HFAA AFE AT ugRS AR
7 9% AFmo] A5 FAGAT. o 950 FAHAR WAL e 2o AdE

) % 3084 km ©43 AR5 500 L

(streamer) & ©]&3t thzald GARRlz o], o] IODP AlFAAS AAst=d &

ol /g o] T},
2) AlFFo] HAELS vtk AFAHE ol &3t the #Zo] F5ssith hE vhao]

H22(BOX) 643, e o] HHEMUC) 1744, T30 ¥7

& g AF3 (KAL) 20838 S AAsle] & 83FMHANA w5 H
AASFATHLY 3-4a, b). 53] L1HTE EZo] X ZR=HZ FH A= A
O F AFFolE 5T e Yol HHXZ e AHT BRI AE FdE oA
a Wakely WEol o8 HAw AAYFor FAHHE | EHASS TAE)
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A (Hydrosweep) A=} Ih2fAE- = (Parasound)
5ol 2REAZ FHEHAA g AAXF S HE = JATHZ™H 3-5a, b).

4) 1 ¥¥e) dE]FHel| FzE EM-birdE ©| &3 31 #=(sea-ice measurement)S =3 g+

ft
o)
ofo
rot
g
)
)
41:
B
ofjl

T

>~
>,
B

ol

_36_



Jo
du
il
¢ 2|
M
ol
ol
rlr
4
X
0%
=
%
o)
.
=
o
e}
o,
o
0Q
<
Sh
o
L
lo
e

(oceanography) % =74 Z=F<e} & 2y
d BE% ARAFH 5 Fdsied, 53 dfyelut uitielA 33 iR
AL &Eo] 7Fsd Hovercraft' & ©]-83 “FRAM-2014/2015% Z 2719 F345

Z9o] wWEzA fgtwe] A& AFEE Wl ‘Yngve Kristoffersen' ¥ €] 7)<l

‘Audun Tholfsen’S 57 |Gl A A 20150 8L 71#] oF 1WZF =319 1353

_

Chukechi
Weather: /1

J z "
Borderland 3 : i : ]
Canada 3 o

Basin

s & = =
Rug 078014 = °
Svalbard

S (from AMSA2) ver. 5.2, Grid3:125 km

C[%]
25 50 75 100

0
Ice Concentration

2 3.1 =g EAlg Aol otubaEal A _
o;‘]ﬂ‘:"] l ]13:4_‘/—\].1 E}Z]-go 0;;:]0 j;*’;*ﬁ;}ﬂ;; g 2R oo thdde uwE ‘ZaliE’e
trorFa =] = Ts = A E 3 S =T — = =1 T

Ml el 7t 7k skl

AR A 5 e AL 3 4 2] 8 mapping 2 Al
P2

a4l st oFds AT 2 AlS
o

==
K3
Qe HIE oE gl vl Fws1He AN

e s ew T Yo & ALol A
o] 13l AA Lzl etk HF3 AAAAE S stE s]gRste] i wlg- AgA L
2 oded. AAR FAA Hl el fHAAE ol &g FAE AldFHor FE 5 4
7] wol el w2 sl A|FFHE o]&sto] Bl edE AHAAUHE VFF FE
o] HAE ojE AlFot= ofgwe] detdrh L8 FRa gl nlste] 1990 A 7EA]
Sl A FE HAE FZole wg AdFHol FFetes tharEe] i oA ok st
HA A" B AHE 7990 T-3 (Clark et al, 1989)¢} CESAR (Jakson et al., 1985) A&7}
AR 1990978 A AAHoR BSEAE 3 5 Qe Alde]l AdxEUA o]
ol §ALZE TRt SN "HALALR 9 A FaolE B 5ste] Rl 75 WstE ola d
T e AR7F FAHATY. w1 59, 2999, vs T2 Ao HUMAS o] &5t HE=3
of F¢ARH A N FATFHEAE 2AH R FEAY. 2y it T ®



= Y=g ol AIFTIE o]&dte] of 15 m W9 HAES IS5t HER7] witel o
it $7] EetoloAl/Eetol 2EA e $7] Al 47] W7 7] S SSaedlA] oyt
9 ar)$ 9 s Hstel] ik ArE FE & AJTh 20049 HSA AT 2R
A R AFom oF 430 m Aol HAFS AlFet] A7A|, &b s FelA s
FHeke alY oA 30~40 cm Aol &S 4- 9 FH I AlF Fo]E F5IATH
o] o= AIAI3Y] ol e HAH FreA FFo] w2 HEHAEmudY F7F TEdE
TEF HAER 7] wWolr|el Al 371 A7]o] deolwd 5ok HAHSAGe] F v]F5Ho Q)
t 53] o] HAE sojoA EAE Amol ostd AHAHow & ANEs 7 &5
A3 ol g+ slye] §lv m5st 2oldd Ae=w FASAT(Jackson et al,

1985; Jenkyns et al., 2004; Davies et al., 2011). Z12{1} 20041 IODPelA <38s ACEX

(Arctic Ocean Coring Expedition) 302 A5 X213 oldd= A 37] &< A AFHo=2
dojt 7]FRst 753 HS8ddA AlFE HAE Fold 7|SH 7Tt AL
A= 7} gl tH(Backman et al.,, 2006, 2008; Moran et al., 2006). ACEX AlF+ A1Ho= F
A9 d&oR Yol By FHo R LAY FEoi FRAEYom oF 428 m Aolo HAH
=& A Fstg o AREE A 47]=, A1A37](Neogene), T-#137](Paleogene)¥}t =4t F7]
9] Campanian Alt(¢F 836~72.1 Ma)oll AAHE o] d5%At ACEX AlF HAE9 &4

ftlo
!
Mo

T 1 Eer GEAA @ Hdlel malgstdwste] wate] AE A A
HAEC] HiEAH(Stein et al, 2014). “L2jvt ACEX AlF A& 45 F3 dojzl 4=
A ES 78 gl 239 SdE EFeta A 371 &<k 7] % 7F 4 31-9-2(greenhouse) °ll
Al W Blek-2(icehouse) & WstshE I~ 7128 589 7$Wste] A7 He 3y
ool A &e A oA Folglth o] ACEX AF HHE] 357 St Eahgl
ow w3 FAY F719 7]Fo] ZAZF(hiatus)Z Fold7] wlito]th(Backman et al., 2006,
2008; Moran et al., 2006; Stein et al., 2014). W&} @ o] A|FFojol|A] vraldl & =3
of 7|FWsle B AHE FAY o)F H58l9 A7 e ale} o] oe ALAH <
71FWEte] 7] Fo] ofxle] ¥EE wEA EaA dolgli: Alo]th(Stein et al, 2014). ©] g
TARE 47 94 I0DPAME 5589 Fasdor AFE5 & odx dHAA &
& B8] 71 FRst AqALE e 7] e wEeta gk oo wheh 2018 8¢ ¥ Aol EEZ

= sl ol A A2¢] ACEX AlF7F 31 & Aot} o5 ¢35}
gk B Aol A7 20149 89 5URH A 28/43 ‘Ee}

_‘

12

ol

O

SE ORIUAE Fsgor, dIA AFE ANY AAAIRA, BEAF 2 ARAF
B el RS HAE melE AFShs A9 o 970 FASAt F 46 ZHoIA o

(MUC), $93°(SL) % WPt ArF2o)(KAL) FHE °]&

o]
ato] xSH A= AFao HA=S A5sAHE 3-4a, b).
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. A e HAE BAEAAY

Al 28/4xF ‘EFepawl HS9AHARK28/4, ALEX) §<F afgxd Z2ade] F8 542

D B SgAgsiln dsy FudA 7 A 471 B9 dold wolF, wa g, w

2REAZ A FH A TH(Stein, 2015). Al 28/4xF ‘Eek AW 553 Fds] o ©HA
Bl

AARS) Azl HARE Beste] £ B Fo AT B

Geophysics Geology Oceanography & Ice
- 0.3 airgun - hydr.staticcorer, 6m - CTD
- 6 ch. 50 m streamer - winch, 3000 m kevlar - current meter
- 37,12and 3.5 kHz - rock dredge

echosounders B
- EM ice thickness probe ?

*North

Fram
Strai

1Y 3-6a. 20149 8Y 309 AWI ‘ZEe} g0 A
19 3-6b. 20144 89 30¥ AWI ‘Zg}~Elo A

shadstel o 1219 Bt AU SFel ER :

£ “FRAM-2014/2015 lce Drift’ Zz1ejg 4 | orashel of 12708 &b 5 1900 km &>
gst= oF 1083 ‘Hoverkraft ITHFHRE9 X F Al A ER A WUl e £ F 201549
Se mor mga 7B G T A Rs 8€ 189 &9l 81%olA ‘Havsel Autol] o]s)
M W MBEs ow guw gum gase | £5°) “FRAM-2014/2015 Iee Drift’ L2131

HEH o n

(lithostratigraphy) 2} =7 A4 5MSCL) 7] &< vt& o=, 2}7] 54 SH(magnetostratigraphy), Ak
o ar F994, AdduSA, A5A8, AAPAAd dF(natural radionuclides, “Be,
“Th), thA-&(magnetic susceptibility), F71%4 8 (cyclostratigraphy, &3+ 7] (cyclic
manganese layer), =8]4 E4, XRF 27)& ¥33t 7|€9 g& EF3 712539 g =

Eghete]l Add AT =31 d A Yol



(2) &4 HHEY F4, 53 ZE2AE 2 WAL

S22 fdEE 4 H8E T2 A 98k NHriver-discharge), 35, 3™ (sea-ice
o} Wah)e] o] % (transport), AHH o] % (down-slope transport), =4 4o e ZdAch i
o oyt V[ FEL T S AW A AEEH Z&(processes)ol FFE THH(ie,
X AN, 5 B3 JAE ol F(fluxes), siAHANAL] A FF F7] B2 F&
(export) @} A 714 2 HAS ottt F2 & FAC #3 AFRAE ZERLE=LZ H
9 AH3 EFHE 9o f=(discharge) ¥l = S4 HAE9 A H(quantification), 54

=

F3 4 lgolth of AFNAE FHorH -

iy

%
& T3t Aol T

29t JEF 949 FAN fFrlers dA, =9H EAS X Aot HAE whEFy
(echotype)®] EXX =22 F7+4 8 (facies pattern)W o] Fo|AE=2HE F8 AHHO 9
Aol ols) Fad o Aol

o) gt WAV &el XA 58 EA(XRD), XA BHEA(XRE), $EAT ool Qg
1]

oﬁL

Colour imaging

~130 m of line-scanimages (resclution ~70 pm)

P587-056-1-KAL-0G-0102-200.5
¥ =

a9 3-7a. =29 EFA o
XRF o] £UE ol &ste] 4
AlFaio ] olmA] #Hel 9 AAEAE TS AZ=0le] o2 Fstd ArZ FE39

o}, o

ol AHE | 1Y 3-Th. k2] EFA
=

&} o 5| Sl
ol A AT | XRF Fo] 27U S o] &3le] A A Aisl
A

(3) 7182 fluxst B35 B4 A, 72, dRE 5

T3 5% Fo stue Al 47] Tt FUIEAY fluxE AEstetr frIEAs HAS 24
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H (sea—ice)

/A A HPLC/MS),

212 LECO/IR Mass (CaCOs, TOC, C/N), 42 (Rock-Eval pyrolysis), 7}~ A Zwn}ET]

EA(GO), 7Fx=
XRF, ICP-MS, XRF 2743}

el

o

173

&

bulk parameters(TOC, C/N, HI

-5 FIER)

Bk

3}
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7] A 8}

[e)
zh), ®lol e mt# (e, n-alkanes, sterols, GDGTs, BIT index), maceral assemblage, 7]%4

y T

4, (sub-) & A

S|
ax

Qe ERRIACE

-

1

F 24}
EECOIEY D

’

£

o

9]

g

A

(:1)_]_—

Y

3

&

e 29}

), 71=2 9

p=2
¢}
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=

2(eg.,, Mo, B, U, Ag, Cd, Zn,

1t

3

==

T &] 4k (oxygenation)
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e

o] &

=

=

H}o] @ ml7] (isorenieratane)
5. & AWEel o & 552} Mendeleev-Ridgeol| 4|

- nlo] @ wA A H-(alkenones, TEXgs HBIs, IP2s)
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o
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A v AEE mskA o] WEC] FEFE mAY] wjizol], o] A WS EokolA ¥4
Ae Gl 53], H53 HAZA x3dE o= e Al 4719 W3t F7](manganese
cycles)®] Adst xALE 98 &3td Ay T 24E F3 AF HAES columnd
Ahsh-gkel R o] sfAlo]l dasith webA o] At RokollM = HAEH HAES Tl

A5}k 7] 2k (biogeochemical processes)®] 7155 F3l F7]1=2 Zafok HAEAN 27 &

1o
J|m
o,
o
(9
=
i";
rr
sl
2
v

A ZF-&-(diagenesis)oll #HH F7]3}8 & (inorganic compounds) 2
o AIFEHE §5 A3

o AH

A HAE ANHE Adet: 37 (giant box corer)9} HE] o] (multicorer) &
o] g3ale] skt AdElx Fo) (55U Henstedt-Ulzberg, Fa. Wuttkeoll A A 2F, FA1;

500 kg, %3); 50450460 cm)= AEH o 20 AMelA 193]e] AH YEFHOoZ ALEE AL}
a T AT AReAM e Ve BAR dste] HAES AFHsHA Eekdo HA s 3
g MaAEe 2 HagoR W FHAEYN F HAE Zo(HE 12 cm)E BHAFOlE 9
alo] 5 AH(aY 3-8). BE o] F HoJi= MSCLE o] &3lo] #H&3t t&e ANgEsEd
HE A2 5E A& Zlo|th

=2
olj
Rl
2
e

oo o

- 10%10 ecm? (100 ¢cm®) Foraminifera/Stable isotope (IFM-GEOMAR/KOPRI)
-~ 10x10 cm? (100 cm®) Benthic Foraminifera (Kaminski/AWTI)

10x10 em?® (100 ecm®) Sedimentology/Mineralogy (AWI)
- 5x10 em® (50 ecm®) Org. Geochemistry (AWI)
5x10 cm* (50 ¢cm?) Palynomorphs (AWI/GEOTOP)

- Sampling of drops tones (Bazhenova)

- X-ray slabs from the side sediment
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Location of box cores collected
along the Lomonosov Ridge

39 3-9. EReAZ FHS ddsie] @
Z o]gdto] oF 23~43 cm #ol9 %
o

W A Eo] 10 cm@l 8719 o}=m™ HFHZ o]Folxl HE|xmo] AEIT}=(8-tubes-version

multicorer; 5% Henstedt-Ulzberg, Fa. Wuttkeol A A ZHE o] &3t} HAE 52 93]

iAol Fehs Fee A4 250 kgelth WElmols gEAHom 12 ARelA 149 ol §atg)
o, AR AFFE AAA ol vag @ Z9 #4382 Aot dugon we el
soveld et 2e ATE Ed

- 1 core Sedimentology (AWI)

- 1 core Archive (AWI)

- 1 core Radioactive Isotopes (GEOTOP, Montréal, Canada)
- 2 cores Inorganic Geochemistry (ICBM oldenburg)
Micropaleontology (GEOTOP/AWI/KOPRI)

|
A
(@)
@]
=
D
0

g

nABEE2 ATE 93t T4 FZEHAE AEGE0m, 15em’)E Bagolyg o] A3}

(2) A1F HAE A=Y AH
Hw A 21 A FEAE Alge AqHAeE 5929 (GC “Schwerelot”, SL)eF tha A0
(Kastenlot) & ©]-&3tAth S8 iol= 15 to] FAE ol &sto] HAES g5sidth o= A
THo7 31 AHANAM 3, 5 10 me t}U¥3F barrel lengthol ©o]&3ttt. T8 309 34+
088l A1 7.12 m= vh&strh(1d 3-10).
30x30 cm®] Azt izt Fol A Kastenlot (Kogler, 1963), T3 3oj+= =7] 30x30x575
cm?l Fojukx segment2} 35 to 8% H(penetration weight)S 2zt =t (Hydrowerkstitten

Kielol A #|2}). o] &% Kasternlot ¥r229] Zo]+= 11.75 mol o] 713 2] 30 cmE ¢t} o]
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Kastenlote] 718 & o]d& W A7 &4 02 cm#tsE Aeolth o] 900 ecm?¢l wH A

A=)

o] gke E g Fo]o] o] fA| 2o 9ot KastenlotS 7 X HoA] JF2 oz o

o

H9th. Kastenlot 019 3<FE 234004 7.70 m7HA dhdstti(2d 3-10). 2 Kastenlot
HAE2 vgol A5 dal E2kay &7]d Basiidth

- Series | Archive

- Series II MSCL-logging (physical properties)

- Series III Sedimentology 1

- Series IV Organic Geochemistry

- Series V Mineralogy/Geochemistry

Series VI GEOMAR

RE T30l 9 Kastenlot o= AdelA HZF(MSCL) a3tk ol Fo EE Fol= A

B 2 JAstg T AR HHEL F7]AAARAE 243 Bulk parameter(ie, TC, TOC,

CaCQgs, Stable isotopes, Rock-Eval parameter)& 3] Al&5& AFH It &3k 7] X 3}s)
HAA 4, 47, AR s9d A E4S A8 AAAT H4E 9 XA AR

%
Z29s 98l AE e FojolA A=t
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FSATO0RE GG 178 mi
PBATIES-1 KAL &0

PESADI0-1 kAL B35 m |

FSEADI0-1 KAL 250m |

|Fsazmstt co B A

FSERDsE T KAL 2380 |

PUHFORLT 20 atlam]

PAATOAR-1 B0 AARm ]

PRATOIDT KAL 7,70 m]
|Fsarmrea o B.15m|

|Fsaamie g 57am |

|Fsarome s e Bzm

FSafOs.T GO 2I3m

[Faamiie-1 kel G
PBAZ/DA0 CC #E4m]

PEEADA0E GO 1E0m
[ ]

[Psazineea Ge G20m)
[Psarmei= ce soam]
|Fsarmees ec sE6m

| GEE e L E|

[Fsamme ;
PEARIE- B0 B7im]

[Pasaz
[

|psamzs+ e cram|
[Pearmes o aaim|

[Faarmess o a0fm|

[Fearrooe 6o 483m |

|

_353m]
3Tm|

3-10. 3ol G FAY A|FFAE o] &3
9] (in cm) (Stein, 2015).

g AFHHE qu a3

(1) #5 5329 5A
ARK-28/4 (PS87) ©AF &<t £5HA=2 89 F 20 BAA 730 met 3339 m Ate]
of FA AWLLFA(GKG)E ol&stel F5alth. GKG FoE °]&3dte] 23 cmellA

43 cm #Holo] HAES g 5ottt o] PS87/023-2¢9F PS87/076-2+ Eo| E3tEl A Eo
AetA wekE v vE 18709 whA ool A HAE2 diye Alusd dee o

Aol BF ZIASFAHE 3-1). FHEHHEO-1 cm)? o9 A2 Munsell Colour Chart
(1954) & ol&3te] 71AeAth 4 bulk W&, P39 £& tix&e] SALS dilstA @
Al5E 1 cm F42 2% GEOTEK MSCL-14 (Multi Sensor Core Logger)E ©]83lo] =33}
At} X-radiography #41S 93] £ (1x1x25 cm)S A ZHste] AAoA X A #ZH9 S 5
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ofsf &xtd HHA HA=(0RD) FFS I

9
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-
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et
Jm
ox
o
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ok,
2

12
off
o
2
i)

ST _ 1 ¢ Y Z o) B3 = S Ed) = o E =1} =
F 31 Al 28/4xF ‘Eekad T S AR gHAd A F55 EF3HAE 54 B AlFao] JR
(Stein, 2015).
Deacmption of OHG surthce e
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h "1
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AT 0.3 15 - A Vi B {16 YE 30N g, T TR, OF SR (0 0 T, v s b B
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e
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P, & Fi A A L L g ¢
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T T ] ! el v I ¥R 370
{oorind| G ' s mgmaonks of offus shals up o 2 em 0
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PEETII00 3 Oehasbiieis Bisiari) = by Doy (T YR 2700 i Wiolel sruaked, peivchects. Sl oo 4 e @
Pt yaus WS :‘:‘:q’ 3 cash coowen (0 yRea gy SRS 1""" imtersAlENDg pohhnet thed Eahiss
3™ [e) 21 = = = = [e) = 2= 2 o
W HAEZ9 AHA= 100 ml ¥AE o] &kt 2HYAC 63 m= w24 AHEY W

M ol gt Ralanh ozl 2hdA BAe Ade 19 3116 foaid. ®

A AR RYPAAC63 m)e] TS 1 3-110] =AEAT v A=r]de] A= o
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off
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45

W PS87/023-1

B P587/026-1

W P587/028-1

W P587/030-2

W PS87/055-1
W PS87/056-2

W P587/067-2

W P587/068-2

= P5E7/070-2
T T . T B PS87/074-1
,@9 o b"@ o,‘_'o" W PS87/076-2
S ¥ & O ™ PS87/079-1
& - £ /07
* &

Y 31l ERwAZ S JUse] 5@ wrzcle BRHARE ¢4 Adste Avgow
AR FAAREG BRG] DS YA AREH, RResT o BIHARAE L5 §
ol $HA AEHE F42 vl

(2) Al 28/47% AF 3o HAES Fo& HAE 547 H 43A
Al 28/42F H=8] "AHPS87) &3k, F 437 9] HAE FoE AS5sidth dF moje= A
1/01 A

J;

ol MSCL 4 F d7lste] H4=e F2 dds 7IAsta XRF =
A & BARES AFHASFATHIH 3-12). ¥ BarMolA = Aol
( PS87/023-12} PS87/030-1Dell that oAulA x5 ofefell 47l 8t 3l th(Stein, 2015).

WED fgeem) 1
12 14 t8 18
MS (10* S-i!

3-13. MSCLE o]&3sto] ddolA +4

=2

49w} WAL & XRF 20| 2705 of
R P B I R [ REERS QPR

2% 74 4R 2 guE. s

of i ojo o

=
KN
R

5 o] &
& "é% AN O]UIXV“ oty —E»]Z*”‘” AL F
A2 74 AR & dujdd, st H

o] PS87/023-17 PS87/030-18 1@l@=el Aiut) 2o 2ruwa® dod 255197
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uf Zol K3 =357 (Beaufort Gyre)®] 9&FS whe sgo|ti(ay 3-12). wpeba] Ho HAES
B Zo Bl gl owo)x] Mg wE AEA YA FHEZ A5 o FiEF
o2 9 Ife FEgk AFEFo] Atold yEdTH Y 3-13). 53] AMHE A Fo] YEYE 1T

fz

S AW E=(bulk density) #ol F7lete= 73H 2 dXAsy F2 W] uw HAHH o
Ith(1¥ 3-13, 3-14a, b). T3+ B Ayt ol X3 W4 (Banks Island) oA 1
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w= Wl eA] P72 Holx= ai )] F2 UEhdtHMaerz et al, 2011). BA7]17H
HAE so]E AAste]l >63um AE ol &3t F4 A F Hdxshe] Fn

adg=e Ayrhel] A REE-AZ FH A AlFHE o] PS87/030-1¢ AME HAE

7199 A A4 A (siliciclastic), A&719 2 A7 HAEE FAEH] Aok F47I
B TR YA, 49, 8, BERE, dFdEY SR EFE T

g 316). A=719 AHE dae Bk 7o o] Folxl

=, MEZF, olmislF, WAEFI dHes =4

opa)® o] Folftt AAVIY HAES Wito] FE o|F
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o
T

o
Hook -lE
o)

u
2

% ' i ]:"_ 'EJ" '
g L =
8-
—
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Parasound A&l & 127]% % Z(old sediments 1)o 2 3oty = 89 (83°12.25°'N, 141°E)
ol 4 F 4719 AlFF o] (PS87/080-1 to PS87/080-4)E & 53+ th(Stein, 2015) (117 3-19). =
R AAJo|Al AlFEsto] 7] FE(reference) .2 o] 83 o] PSR7/079-12 MIS 6/7?2914 =
2AIQ1 MIS 18] HAFo] A&2Ql 7|55 Helvth 28y 31o] PS87/080-39 2 m sty ¢

Aol BAS B wE QN WA® $FUY g e FAFAME)e] tEta wmd
g8 54¢ molt 3y HAZow FAUKIY 320 2m el Uehbs RAFUS

MIS 5d= F4E™ 1 A EAsAD At A ulelol Watel ofsf e Aoew =4+
T}(Niessen et al., 2013; Stein, 2015) (7% 3-20). L&y a7|E A Folgtal FAHE A|F 2
%

ookt BAUHS B Ad A4S FE 2o A AgE v oR HAHGA HF3) A
dojt G Wstel WAES 5T & S Aot
PS87/079-1 Wel bulk densmg cm®) PS87/080-3 Density (glcom)
MIS (2) 14 20 14 1‘6 1.8 2
0 % 2 0 :__1_.‘_._‘ | I
] :
V ] t
1 ¢ |
S
2
= ,Super Coring Event*
’ 16 gravity cores !!
-d.‘ we | Transect 1
3 gﬁ PS87/086 (81°13.04'N, 141°23.02°E; 902 m WD)
[w] (] * PS87/096 (81°12.73'N, 141°20.03°E; 1071 m WD)
g k-5 W PS87/095 (81°12.64'N, 141°19.22°E; 1123 m WD)
5 E 4 PS87/094 (81°12.57'N, 141°18.48'E; 1166 m WD)
g ‘33 4 o PS87/093 (81:12 4B:N, 141:17.62:E3 1214 m WD)
-3 H4 PS87/090 (81°12.37'N, 141°16.89°'E; 1316 m WD)
n Za H7 PS87/089 (81°12.35N, 141°16 49°E; 1355 m WD)
4 L s | POBD0r A1 SN 41T BRE G WD)
Transect 2
" PS87/102 (81°12.86'N, 141°11.37°E; 1334 m WD)
PS87/103 (81°12.84'N, 141°11.14'E; 1367 m WD)
ww | PSB7/104 (81°12.80'N, 141°10.85'E; 1414 m WD)
PS87/105 (81°12.78'N, 141°10.64'E; 1453 m WD)
5 PS87/106 (81°12.76'N, 141°10.47'E; 1472 m WD)
o PS87/107 (81°12.75'N, 141°10.25'E; 1495 m WD)
PS87/108 (81°12.79'N, 141°10.69°E; 1439 m WD)
;. @ < | === 1,
a9 3-21. HAlol dlge AHI BRE=AE G
FaljE ol A o AFHALE O o8] FAE sl A
- ;{]’6:] Exljﬂr J_7]5]7Hao§ .%.;HQT‘:_ ;qo:l(h—_/\n
28 o ek ARG A A | e 4 e wase qnan) A9 5 A
. _ =90 IE3F 3 = 7
A5g WA 23@01/«1 2 0] (PS87/080-3) 7} ; A ol ‘;;MH = 1699 9
BUNTA V€ reference)el A HEZ ) g Assie  PSSL06T ol A4 E
- N - == T ° Sl L ar
&3l7] 98l A5 2o (PS87/079-1)°] XRF & | © 7 g . S
o] ool o W oaE e o | BF=H" AL A AlFE HAE AAE ‘/‘rE}
ol elniHs el v % st md E}(Jkt t al, 1999; Stein, 2015)
} okat et a ein .
e ol&ste] dinste] o (PS87/080-3)¢] 2 ’ ’
m olst 4§ Fo] wU|EAHFToR FAHLT
F o] PSR7/080-32] 2 m ©]8} sHFo ZEAH F
AomeE FEHer asld FoE YEhdt
(Stein, 2015).
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41 900 mell A 1400 m o]/de] s & At ®ato] ofs) JAzEor FAHE= APAA
Ho 93] mr|EAZFo] xE ®H FoE Ay F oA AR (old sediments 2)
(81°25°N, 140°E¢} 81°05'N, 142°E)ellA A g | AAF&ALE Tl & AF A3 A4dS
AAste] F4leo] 1071~1416 me] Transect 1 2FlolAl ZF 85 (PS87/086 to PS87/096)< A5
WA 4 1334~1439 mQl Transect 2 2Rl A= F 78 (PS87/102 to PS87/108)¢] 117]
HAZS AFsI (28 3-21). Transect 19]Ajo] Hugoz o]& = UAdA EAE(pelagic
sediment)?] 54 S Hol= WA g2 Fo] PS87/086€ =R x4 JE A (A 902 m)
AN AlFSATHE 3-21). &3 HAEAL ARl oty Farg 50 PS87/0862 MIS 6°]

ol

F ERAAA AsHorn S48 AoR Mol W, A FAT Al AFa 275
Mol s FoA %x0l4 e AW Fol BIFATHIY 3-22). oA Lheh}

o
M
re

o
o
i
a
o
=
(@]
(@)
&
(@)
=
@]
3
IS
=
m{n
2
>
o
~
o
=
s
O
=
)
¢}
=
o
Q
(@]
o)
S
tt
!

dE= wdY AMAY FEFTel Fudor AbEE At (Stein, 2015). 28y Bk &3 SA

: g PS87-090/ PS87-097
PS87-089

_ PS87-088

PS87-087.

“Old Seds 2
Transect 1
1500 m

a9 3-21. HAlo Yo I} BRweAE G
Seldo A waE AvarEe] el FAE a4
AbHE AASFS] Transect 1 HelolA &= 8H Y
AES A3 (Stein, 2015). Aol A A
A= ]To}""f}( e, ey ) I 2= 1%l 3-22. Transect 1 #ZHlolA Fagow A
H PS87/086 ol 71 E A S div|str] sl | . i )
RS, T o] PS87/086¢F AlFH L7 E A F o FA
T 2 naste] 3P HHZE A 47) o] de =HA
H Ao 2 F439 oh(Stein, 2015)




2. 2015 ‘ofeh’ ME= H A5 A H 2l o} FAHARAOGC) oln]Z 3}

7. gArEA

20159 AT obehe’ ARFH WA B4 Al 4 SUE Ao 24
WA

T oeAlvE el S-S s HAE FRis| A H22 JPCAAE o] &3
dol7k mla# 7110 m oo AlFFolE f5ek=H Sith
U "AE Y RSy
Ebsl e A e gFEEE, 2K AFEA, wags Bx 9 Aol glEE doo
2 HEYE o] 43 AAAY HAE Sy en] SBPE o] 43 ARAZT ¥A AEE I5
sholth. Rk FAbel ol dmAAALATY 4TS wAEE 23S o] st FA
Helob tiFe2t HA e dFeafdol ArASTHAARE A58k FAF ¢ 489 0
& ofefe Aok
— Y ATA ‘oo AaoA] HE], ¥t =¥ JPC o] 7171 o] L3 FAAF=F0]
5 2 Ao HAE AR A3 /A

- HEH S o] &3 X FAEEE X SBP9 Sparkers o] &3 AR EAH AT HE

B\

- CTD o] &gt JPC AlF3o] HHoA AAE FAE )

2oy,

RUSSIA EEZ

Z2y

=D

g

170W
moet e

19 3-23. 2015 ‘ole}e M BTl ghalekel 9 JPC AlF o] A E Ui
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ot

HAL o v A 2}

oF 2% FalE 2015 ‘ot A& @Akl A Fegt du]dae ofejef 2ok
2,467 nm (3,947 km) BAFS %3] Multibeams ©] 83 HH%3 3} SBPE o] &3}
ABRA 2GR & 8 5 (17 3-23)

A At} FEor Ao HEEa HAs th5e sielM oF 400 km Sparker

18 Fo] 5 44 -l A 53te] ARl 80vhd o] % W3}
A ATE A T 48H1S A8k F4 F 100 T 2200 mell A
Hedlk HAE 7018 HExE R
HA sl AP t5e MGl F 1637 mo EAE olE 3FHAA I5 (% 3-4)
= 7 "9 4A(BOX) O (F 3-2)9 6 Fe "EHI(MUC) (£ 3-3)8 35

(

D
ZF 4296 m 4ol9 JPC H A
_Hi'_

99 322 2HAE o g3te] FAMclsl

=] 3

Glacially Incised Vall{n

d dalel e oF 500 kmel HAAR [ a9 3o4p, 2aAAE o83k BAM st A

2 #5590 A Aahel EFelA oF 500 kme] BAAE

g 95sqn.
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a7 3-25 WA FolE o] 8351 oF 28~45 cm #ol9 RTHAES AFHsA
£ 322015 ohehe AR Ak Bk A5 gamel AR
Stations Water depth (m) Recovery Number of sediment
(cm) cores
01A-BOX 99.5 39 3
01B-BOX 104 44 3
01C-BOX 104 45 3
02-BOX 2077 30 2
03-BOX 715 29 2
04-BOX 2200 33 3
05-BOX 346 28 3
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¥ 3-3. 2015 ‘ofg}e’ ME= gBAl F

o]-;?:]_'

I

By

3l

p 4

HE Fo] AR

Station Water depth (m) | Recovery (cm) Number of sediment
cores

01A-MUC 99.5 25 3
01Aa-MUC 100 54 4
01B-MUC 104 33 3

02-MUC 2077 42 8

03-MUC 715 34 8

04-MUC 2200 22 3

3E 3-4. 2015 ‘obgp’ ML= ©AF woF HAE dFeolA F53T 33 A0
HA =

Station | Water depth (m) | Recovery (cm) Number of core sections
01Aa-GC 100 547 4

01Bb-GC 104 538.5 4

01C-GC 104 552 4
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F 3-5. 2015 ‘ofet’ MESE] ©AF ¢ HAS e A R EA o o
FeolA 53 449 JPC AlFa0] B =

Station | Water depth (m) | Recovery (cm) Number of core sections
01A-]JPC 100 1040 7
02-JPCg 2077 7315 5
03-JPC 673.4 1132.5 8
04-JPC 2200 1386 10

2% 3-26. T8 3olE ol&3to] HA S WFEolA oF 55 m Zole] HA= ol 37 A

Lt
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SY 3-27. 2015 ‘obebe’ ARTa GalA HEG AFme] HAHBS] AR AP e
A AmA wet HAE ARE AR

Y 3-28. 2015 ‘ol A E=3] GAbel A E 535 A|FFo HAE
ANA AFEAHo] wpel A7 & F AAF EHAZ 5EHS 7| A
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2t JPC AlF 30 oH] 443

2015 & E ‘olek2 A EFE §HAHARAGC) oA g 53t JPC AlF3o] HAEL A4
A MSCL(a20] &%) 45 S8 A&=38 59 aldgelA 5¢ & ook thH|sto] on|
<HE AAs Aol ESolA F53 ARA0GC/03-JPC =Lof= 2012\ ‘ofgh &
SEHAHARAO3B) &<t Al5¥ Fo] ARA03B/27GC-03 T v Zolet vt (18 3.29).
A2 AFT Fo A AlFHE F FZoje] tAE(magnetic susceptibility) ¥ & A Z=(wet
bulk density) &4 kel div]E &3 ARA06C/03-JPC Foj&= MIS 52? & MIS 4 o] %
A oz FAsnh 5o FHH2E % dAE gel we 2 9 m olste] P F
ol dofete] B A YapAtgo] o5 EHAE e WEAFom WK
(1% 327a). weha] o] sk o] WEZXIF2 Niessen et al. (2013)¢] F33st9d FA #2lo} O
Sl el EAEAE Adste] ARl os FAE Aor FAHAHEY A= MIS 4%
A=

rlo

Hu
4»

1
o

Density (gloem)
14 16 18 2 22

Denstly (gicem) WED drift carr (gleem) ; Y Densiy (gicem)
12 14 16 1B 2 15 19 03:0.2-0,
, 1 Il J

|/ Diamicton, MIS 4
with youngest
MSGL on top of
Arlis Plateau |
(Miessen et al. MNGS,

: AFMSB 28 GCUS | Flg' gﬁagp]m GCo AR!SB 24 GCo3

ARASB 26 GCO3 | ARA3B 27 GCO3
. : 1504 i 100 200 30
W 200 190,200, 250 300 R, M Ao pec. WS loop
‘ol gpee. MS [mea 30 vl 5 | 3

Stratigraphic position of Diamicton
/Morainic Ridge (MIS 34) of
youngest glacial advance on ESCS
(Niessen et al. NGS, Fig. 4b)

48

(4]
Diamicton/melt phase y

MIS 4 P

of 2nd youngest glacial advance on g

ESCS (Niessen et al. NGS, Fig. 4b) 12

ESCS = East Siberian Continental Slope 100 200 0 400
Vol spec MS (1086 S1)

19 329, ‘opep’ ©AF et sl AMEE = AWIS] MSCL FHlE o] &alo] AdidelA B2 &9

=4 =4S S8 719 AlFaols dinlste] dB] A5 AAsd
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A o 2200 m) HA) HARANA H5F JPC-0 AF 3ol Zelsk oF 1386 mE AT
A BFE AARANA AET Hge] WA GH AR molrh, Aol BAH o4& Fa7
ME ke o] gate] FuelN ASH s)Ee] AFo] 4w Hws A3k oF 50~60 ¥ A o]

kel
=
FH HAd Aoz FHE(E 330). 23y 2o A7 Adis Fesel s e vy

Dol (o] Decaty aavsie) Deteiiy jarccm) o Deisity {giecm) WD futrsicsats (gioem) 1z 1458 2 es
-0, a 2 i i !

14 16 18 =2

&

[F]

12 14 18 18 2 12 14 16 18 2 22 14 16 18 2 22 12 14 16 LB 2 22
H  ES i T T e S B - i TR =1 A

| ARasB o8 oooa |

A0 20 BP0 4D 60
Vo mpe WS Fesicuals

i1
i |
i I i f F | ARA3B 10 GGoa | | ARACEC-02-JPC(GCT) |
! PETR 4135 SL | i P5T2 408 5 5L | F 100 250 o o S e e A B
: : : a I 5 pu e z 2 :
100 200 a 100 200 500 400 Vil Spet MS (1068 51) Vol spec. M5 (10e-61 S:J WA o , s Vol spec MS (100-551)
Vol, Spee: MS {1086 51 Vol Spec. MS (1006 51) i .an wun“ W
== g ,
10 E
164
E 200
12 ;— 300
E PW? 400
1a F t0B0TOB oo 0 w0 0 BiE 03
1K o Vol spec. M5 { 10e0 51
Vol e NS (1066 S1) Reskiogis | MAFe (10w

29 330, ohehe’ gab Bk RFehe] ALEF HU AWIS MSCL BHE o] §ohe] Aaeln 4%
B4 B42 B3l :0] ARAGC/4-JPCE 71Ee] AFolst tulste] o] ME B
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o] & HIPCC, 2007;

Anderson et al., 2008; Hu et al., 2012). &3], &4k
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Stein, 2008; Darby et al., 2012). 53],
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-1 =

W3 7]z
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o]t} (Woodgate et al., 2005, 2010; Hu et al., 2010, 2012). w}a}A A &=

T 7

el

]
vzl

ol

B

ToH
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3], F4E d 3 (pollen)o]t <}
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A AAFEoZ (Marret et al., 2008;
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e}
TH F4

ol
=

Mertens et al., 2009), &= 7]%

}t} (de Vernal

S
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and Hillaire-Marcel, 2000; Ager and Phillips, 2008; Rudenko et al., 2014).
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AT A2 MES HAS dFS A Lkt HAE Apolol f1A sk itk

(Fig. 3-29). HA|afl&= Aubxog #4lo] 100m olst= ¢om, WA PO =FE v A miz
shal ol W HE ST FAdHAA BRE dFAlA2dS o] EvH(Weingartner et al.,
1998, 2005; Winsor and Chapman, 2004; Woodgate et al., 2005). HlH3 P S &3l AE5T=
e AR AANE AU e AR dAAE, FA8) 05y AN HEE AR

2 el v gy

[ele]

>
A
4
gL_"
N
rE
=
|
o
fru
e
n)
Jo
iR
)
rr
o
182
i)
o
=
)
o
M
Ll
1o
o
A

st 3t} (Aagaard and Carmack, 1989;
Carmack, 2000). X3} t5-go] Fx3t= AEG e A& 712 67184 1270 o]m,
T2 g7]-sd el o8 2 Fre F

et al, 1995). FHZol+= HFaldS 3 BlHITY Fdol S7Hgl weh, HA e oAFH
A WAool dAsA HFoR SEI Zloz HiuHT (Woodgate et al., 2010).

27 (Yukon River)¥} o}yth7 (Anadyr River), 18] il
Atz A 2HE V1o AR HAYAEC] dlFell oa HHs HEoRREH HA|H e
o7 gy o] AT} (eg. Barnes and Reimnitz, 1974; Viscosi-Shirley et al., 2003). §-H,
depagh Agtell A el os] ATt A RRbE = HAER AIHE AAGte dow
& & 9ttt (Darby, 2003; Eicken et al, 2005). "] HA} B A 5L A= 3228 5o o3 3

A A3LA] (depression)?} EHALHO =& Bgreo AEZ HAEZ QAEZHAC (Barnes and

rO
-
%
12
lo,
Rl
X
e
rlo
N
it
rl

Reimnitz, 1974; Darby et al., 2009; Wang et al., 2015).

Aldlglo} HERet Holulggt HAg-o depagt 9 fF A9 dnkH o =413
54 7155 Holn, 7bd v 7|8 Hol: g Ju2%rt -30~-40C, 7 =
S Kol &9 HT %7l 4~9C] &3t} (Lozhkin and Anderson, 1995; New et al., 2002;
Tarasov et al, 2013). oI5 Hdl Z¢F> dAEF S7kek whsedt au7)9ke] ddFo= 7¢ (50
~100mm)ell T, AHol = dAbF e wr|ske] d¥dor At Axg tir] B
Bl & e (Lozhkin and Anderson, 1995; Mock et al., 1998).

Aldglo} Hgt Bl Hotug] gt HAR X o] Al dntHow Lfaed dE FE
B7b 7= Aol 5ot (Bigelow et al, 2003). Alvlglo} HE8E F2 Frelel Yo

Fol $AsE Bgsgol EAste] R, 3

ol
ol\i
M
1B

& F=AYUY (Pinus pumila), AZ
Y (Betula exilis, B. middendorfi)), ¥ =1}5- Fol AAo] gtk A A Y
ANM e HA-AtxI-%3 e oot ey 3 AR 343 (Anderson and
Lozhkin, 2015; Edwards et al, 2000). Holwg]l7} EHARol 2ALe 71EH] UH (Picea

ol
lo
r o
I
ofN
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mariana, P. glauca)7t A7 s, 4@4Fo] AFHen L¥xs= SHS Hln 53], 4t

AR Aol 0 (Alnus crispa)7h DA LR WA, Hopulelh BA Y] %2

I & Ado= Bt Aol WA X3 (Lozhkin and Anderson, 1995).

L LN

Figure 3-29. Map of the western Arctic Ocean, showing the location of sites
ARA02B/01A and HLY0501-05. Arrows - show major circulation features:
Beaufort Gyre (BG), Transpolar Drift (TPD), and Atlantic water inflow (dashed

arrows for subsurface current).

(1) =] A& AH
B oATEZ 9Jste] HAe tFE HE(ARA02B/O1A)SE debxgt B2 ek (HLY0501-05)
oA o] HAE Al5E AFASFAG (Fig. 3-30). ARAOZB/O1A Fo] AlFE&E 20119 FA AT
2 WA ARAON A1 Bal 41 11lm 43 (73°37.9 "N, 166°31.0 " W)ell Al F53191 2
o, 48 Age] ZolE 545em otk (Fig. 3-31). HLY0501-05 o] A& 20059 USCGC
Healy ¥4 %38l 4 4156molA AA= A (7269°N, 157.52°W), F&AT71#4 v

e 3tol o FHYst Byrd Polar Research CenterZ4-El Al&wrol & 16.7m Zol9 HAE =

A% 13m P f714 VS 71%S BASAT (Fig. 3-30).
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Figure 3-30. Map of the western Arctic Ocean, showing circulations in the Chukchi Sea
along with the location of the study sites (ARA02B/01A and HLY0501-05).

L'I' h'i.
—T 30 35 40 45 0 5 10
[} = — L e
e T = —t = =
5 -
100 I o = . T
150 { g = >
| - =
| -
200 B - = S,
H = B -
= 2o = o -3
b .
5| ~ -
£ 304 | | - = 5
E e et =
E 350+ e =
400 S = I £
§ Sy k.
4574 e = o
50— P S g i
E45 | ——

Figure 3-31. Depth profile of sediment texture, color reflectance and photography of core
ARA02B/01A.
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(2) "3ty 24

714 mstA #4918 ARA0ZB/OIA o] A5 HLY0501-05 o] AlsolA z+7} oF
20730cm®} 307100cm FALR FARE AFHsAH. oF 5715g FAL] Az FAIRA w@
A (calcium carbonate)< A7 38H7] $18 10% FAHHCDO.= At gabd o] Fofgl= Al

ml

>

55 oj2useR AHstel SN v, b S A7) g8 40% EAHHE)E 9ol
24 AZF st ARtk o] AlRE HA o]z E AlHste] FASAZ T, 10 um A
71¢] & A (mesh sieve)Z AW} o] Lwe5S o] gato] Ao ol gl Y2 S~
g FHol &4 @2 F, 273 Wl vEs Avbsklnh 4 Anjd ARs 2 Aol @ v,
AF-E Foto glycerine jelly$} paraffin waxs ©]&3te] dvd Sele]=g whao] dvde

fru
Hm

Attt 1213 Nikon (Eclipse 551) W] 74-& o] &3Fe] 2507 400 wi& shellAl F71%
v s (S st 2 22 S5 R, GEEXRF AI2E 5)S BAEAT (Fig. 3-32). 4
s B AE AR & JARZF A 2E Fh(cysts/g, DX HAE 1g T A=E MAIF)E=

Stockmarr (1971)2] F A -4 A W (Marker-grain method)S we}, Lycopodium clavatum 73
A7bste] dn7d B Al ABEZF{ A 2EL} A Al & Ay

Pinus sp. Alnus sp. Betula sp. Astaraceaa Cranopodiacase Eraceas lophyte sp. Lyc

Figure 3-32. Major pollen and spores identified in the western Arctic sediments (scale bar
= 10um).

A st AmE Al el 8 AlEl 1F  (tree/shrubs, herbaceous plants, spore
vegetation) &% o] i AATFHo R FHSIAY (Fig. 3-33). & 9 ¥x+= ddb3 3}
22 54 7] (key)ol wak & @9 (generic level) 74 £330 th (e.g. Hesse et al., 2009;

Moore et al., 1991; Punt and Hoen, 2009; Punt et al., 2007).
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(A) Percentage (%) (B)

percentage %)

Capth fom;

I} & "‘ 5 x
o S : . ; ) % 5 % : %
- - % E # Spore
i Tree

Figure 3-33. Diagrams of percentage for Tree-Herb-Spore (A) and the main taxa (B) for
the cores.

() d72% 2 E8

ARAO02B/01A =09} HLY0501-05 e sHEFEal= < 300074000 grains g ' ¢ &
EXE Btk &2 o 24 B2 7 f71du s sk £XE Vo R /e msy
Zone= TH3IAT (Fig. 3-34).

Zone 1& 3ol E=2A Z Fub7]e] s|@ahe HAE9 s #3722, ARA02B/OIA ¢
= 9F 790078400 yr BP, HLY0501-05 Zo]& ¢F 830078600 yr BPe] A& Rt} shitxxt
5 Hd FEE 1000 - 1900 grains g ‘o2 HwZA e S Hrl wE-pEF
(tree/shrub) 3}E& F JoloA BT 50760% o|4S A st =& kS Bt E79,
HLY0501-05 Zojol A& ¢k 30740% S =}A 8l Picea®t Pinus 3bo] 714 $Hstdtt (Fig.
3-35). Betula®t Alnus 3Ht% vluA £=& NER AFHAY. LA IFAAE o7/l

l

-

Sphagnum®} XA &< Pteridiume] W53k 2FEH] &

it
o
[
ol
o
s
i
N
o
=]
(@)
—
1o
N
=
o
i

b2 A v 34 (reworked palynomorphs)®] AbE o] &=
2 FA48A #Harste AE&FS Bt (Fig. 3-34). @5%F v e vj$ A&
%]

SGAREF A2EE 4R FROR 24 Frbe

T ARAO02B/01A =ole} HLY0501-05 =ZojollAl zhzh 5t 30009} 5000 grains g 'o=

Zone 19| Hl&] A 718ttt (Fig. 3-34). 7HE =2 w55 Hol= 72 HLY0501-05 =
ool 7m o] (2F 5000 - 6000 yr BP)o]™, ¢F 8000 grains g '7FA F7}8laict. o] ¢} & Ak
=% 7 e AY Be Ry aFdA #AEEHJow 53] W AE (grass)e AHE

_69_



Hl&o] 20730%7kA A S7kste @S dEWlld (Fig. 3-35). o F1rolM = Alnuset
Betula W57 3hi-o] F FojolA EF 7P skl om) HLY0501-05 ool A= Pinust
Picea 3E= th FU7eteE S 2y 2E 3 & (herb pollen)2 Poaceae®t
Cyperaceae 3}#0] =2 A&EH] & (20730% o2 AZEHE= EAS Bt Zone 2014+ A
TH WSS ARA02B/01A Folek HLY0501-05 HofellA 7tz ~150 grains g '€k ~300
grains g 744 FZA8A #gasts 54 ®mod @9 @5z d vsk sie aAd Sots
T AFe Baon, ARAM2B/IA Fojek HLY0501-05 Zojol Al 2tz s+ >50009F >14,000
grains g 'O AFE&H ¢}

Zone 32 Zone 29| HFHFTAA Fo] HIF7HA FFo=, A 3600 yr BP 717FHS E}
ok SR ¥al FEE ARA02B/OIA Fojek HLY0501-05 FojolAl Z+zb 3t ~31009F ~3200
grains g 'O &, Zone 2] Hl&] #Aid= AIFS WYt (Fig. 3-34). 3] 22 FF 329 7
A7 FEleA dets o, S vsk o 240 Wsts oA er A JehuA gttt
(Fig. 3-35). ARA02B/01A FZojol X = Alnus®t Betula’t 7V 438k 3l, HLY0501-05 o
o| Nli== Alnus, Picea, Pinus $hi°] 7V A3t Alsd mside e AE3E 1
H, Zo] HFESA 7 e sEE BAT B5EF AT JuREzRF
AA A & AAEFS YEFUT

F7140 34 Zone 194 @A 13}4 (contemporaneous palynomorphs)?] A& ko] nf$-
w2 vt A mEA el AbEEe] w4 #AHE d4L 4 A4S o]y Laurentide ice
sheet $5 ¢ A¥to] S 7FeA = AAIT. W] G712 514 Zone 2+ F43-31%F W] 3H4]
o] AEFEE BAEHN 3 FA45HA S7Fske], 500076000 yr BP Al71e] 71 =S wEE R
Atk olYg HA & 43 FUl= vFAdS 3 MBS ol A AR VIE
of Huw FE 7]Y A Aol dA s} (Ortiz et al, 2009, 2012). L3k o] Al7]ol= ZE

w4 el EN o) AA Frhale e EzA F7d So) FuE AFaA Ao

WK

o

o
2

E A

>
P>
12

A

rm

A Ec}t (Kaufman et al, 2016). S 24 7)o &4 ¥ +
5= dote] A5 Fug AASAE Y FARSE FAS Belth

ARA02B/01A®F HLY0501-05 =Zoje] 714 maty o3 242 Ay oz A

2} (Kaufman et al, 2016), W@ aflol A tiF&S 7F=A2= dFol 93 HAE ols B A

o
3 AR S AA we o=z dAdHET (Ortiz et al, 2009, 2012).
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Figure 3-35. Pollen and spore percentage diagram for cores (a) ARAO02B/01A and (b)
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Ht A7) 71k A B HA 9k 5 Aol FHEE A oA A A 7] A B
A s o] BRI Qti(Polyak et al, 2007; Jakobsson et al., 2008; Niessen et al., 2013;
Dove et al, 2014). #x FT¥HHF] 7AW H22 LGM(Last Galcial Maximum)S 3 3Hsh
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A3 Wele] Qe we gom
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Fig. 3-36. Physiographic map showing locations of ARA02B/16B-GC,
ARAO03B/28B-GC, ARA06C/04-JPC and PS72/340-5 (from Matthiessen et al. 2010;
Stein et al., 2010b) sediment cores. AP, Arlis Plateau; CB, Chukchi Basin or abyssal
plain; CP, Chukchi Plateau; CR, Chukchi Rise; MR, Mendeleev Ridge NB, Northwind
Basin; NR, Northwind Ridge. Bathymetric contour interval is 200 m.
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o
o
i
o

o] F47) ¥ zbye] BAE SHel % YAAEoR s FAY S| mEHA

o

&= A7 Wl (Dove et al., 2014), 2) A5 3ol HAZ digt A& AT AR
(proxy) A77F & Aol A&9A Fethe dolth. A8 22 EAHS Bkstr] faiA,
WAL HAE Sl o3 Ao rRE JFS A ge AsA HAE oo i &+
o] o]Fo]x 31 tH(Darby et al, 2001; Polyak et al., 2004, 2009; Stein et al., 2010b; Mérz
et al, 2011). Aol %= EF3sta, H=8 M4 HAE FZoj= F2 AAZ(B, brown layer),
A HEd BAES(PW) T HA-E EAHES o83 o gHE Sl sHdAL &
Al(MIS, marine isotope stage)E Tistal A RH(Polyak et al. 2004, 2009; Matthiessen et
al,, 2010; Stein et al., 2010b), Stein et al. (2010b)ol| A H. 113+ v}e} o] At do] thah H
B, 54 9da @A A Sl v EAF o] Folslth
Aol e HA B o5 Aol FRE gk Al47] 7] WS AALE HdE
$13l, 2011, 2012 ¥ 2015 % ofgb2 E=§AF &< #H X X (Chukchi Basin) %A & ol 4|
549 3719 HA4E FZo(ARA02B/16B-GC, ARA03C/28B-GC 1831 ARA06C/04-]JPC)el
e FAA sHLA GAE AR HAE BA4S T8 2o 7AS 1) A A
A (Ca/Sr)e TEet7] 913 XRF 4, 2) HAZ
of MgwstE: &Rls7] 1% Linescanning, 3) EHASo UFRFxE oty #%
X-radiography, 4) X-41 ApdolA FE 5= =HSHARD)S M 54 2 HAG £40] &+

= Aot

JFI
o,
ol

4. AT A8 2 gy

BoAgoq BAE 349 HAE AlFzolE 2011, 2012 2 201569 % ol HSEAL B
A &3 (Mendeleev Ridge) H&%-ol < Az dixe FF
(ARA02B/16B-GC), ¥zl thx9] 45 (ARA03C/28B-GC) 18la A #A & As&|A
3 Y (Chukchi Abyssal Plain)2] & #4 (ARAO6C/04-JPC)ol A 5 AtH 1™ 3-36).
ARA02B/16B-GC H A& 3ol Al dlA] FZFo A AFHEE oF 59 765k 24+,
M7 175% 58% AR olA °F 378 cm7t I5HATHE 3-36). o] A SBP A8 Aol A

[-‘O

st on gas Auels] 455HE 542 moth 44 FAAGLe gFRHon Ty
@ A= GEE wol MR HAA FAd FPsel Ueihd, 7 AR HAAE By
G AAE wolAY egton HEsn wAdy =AM oa) NuPowH WA 4

A FEHAH(2H 3-37).
ARAQ3C/28B-GC HAE 3ol wdg X & JdHo] ¢x3 dalx hx1e HA4E o

He



w : : : : E iNW SE
ARA03B/28B-GC = B Rt Bl Bk e o : Chukchi Rise

'
I W.D.720 m :W.D. 720 m

BN

Arlis Platead\ 'f“ﬂ” ;

ARA02B/16B-GC
W.D. 1600 p

Chukchi Basin

Fig. 3-37. SBP profile from the Arlis Plateau to the Chukchi Rise with coring sites. For
core locations, see Fig. 1. Red boxes show approximate penetration depth for coring

sites.

e/

6% 343, A7 178% 15% FHolA 448 em7F & 5= AHZH 3-36). SBP A&l A]
0]

AL A 2L AQ7IE} A SFFH R “fuzzy'd 5AS Kol s vhAa A
st Hole gh2 HAZ o vEE S5A4S BArk(2® 3-37). ©] AY2 Niessen et
al. (2013) AFolA 7AW ste] FHAARgoz st HEewgo=m wadE MSGLs(Mega
Scale Glacial Lineations)®] 33l ]9 o]t},

ARA06C/04-JPC E A& Fole HA| A el oF 59] T6% 25, A7 172
ANA 1,385 cm7Zb GEHATHTH 3-36). o] AHE Al iAo H]ste] H XA
O 7MAA #1118k, SBP AR /doll A Hekskar wiitgh s AWt ghA St or Hdh
S BEE SAS BHojEti(ad 3-37). vwt & ATl 04-JPC 3ol HAES v A
o] HAEN] vuE 98 oF 560 cm A=A AEHS o] &35 T

. 47 2%

(1) 9455 53
A w3 AuA HHEe W)/ e n
o obgsldle £ Aulelobsl febAlol slle] Wik §9 9 Alshzgo] wep 2HE(B,

brown layer)o] WatEw o] AMZFL A-F ko] RS EFEe] HluF FF3F9

AL
I
|
o
o
gt
Ak
i
uj
£
O
o~
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ARA03B/28B-GC ARA02B/16B-GC ARA06C/04-JGC

2 IRDs CcalSr CalAl ms  IRDs CalSr  CalAl me IRDs  Ca/Sr  CalAl

i
2™ g0 2 4 6 8 0 1 2 3 4 40 65 900 ("2mM 50 0 100 200300 04 0.6 08 1.
(00 ¢ ¢ 90 ¢ 21%3 s

B‘lsisnov

B6/PW2,

Fig. 3-38. “Araon” sediment core information including sediment colour, IRD content and ratio of
Ca/Sr, Mn/Al and Ca/Al. Ratio of Ca/Sr shows very similar variation to IRD content. Dashed red

lines show tentative core correlation based on sediment colour, XRF data and IRD content. For

core locations, see Fig. 1.

53k HAF o2 Hadv(Phillip and Grantz, 1997; Jakobsson et al., 2000; Matthiessen et
al.,, 2010; Stein et al., 2010b; Mirz et al, 2011). Wal7]/o}Hsl7] & FTH7|o= A2 3
A S BA A =g Alde] HAZo] JAEW, FEFol Ao #EHA o= AEdE H
AEZ Y= Ao2 H g tH(Phillip and Grantz, 1997; Polyak et al., 2009; Matthiessen
et al., 2010; Stein et al, 2010b; Wang et al., 2010). &3t <&l ~7} Zdlglo]l= W&z&3 1
ol o] SH7]o] FAH = EeM W HAHEE(RD, ice-rafte debris) 2 44 &d F
(PW, pinkish or whitish layer)o] A H=3 As|A HAZNA A ow FA o] vepd
tH(Clark et al., 1980; Phillips and Grantz, 2001; Polyak et al., 2009; Stein et al.,, 2010a, b;

2

Polyak and Jakobsson, 2011).

(7}) ARA02B/16B-GC

16B-GC HAE 3= F 5/ AMFB1-5Heo] #zETh: %3(B1), 107 em (B2), 263
cm(B3), 308 cm (B4) 183l 361 cm (B5). 7} 23S diF& Augho] JFd SAS B2
. IRD= 2 olg A4F o] dF Adow vehs v o
T AANA AEAe] IRD7F =4 A& s 5AS BAtH(d 3-38). 2 A5 Lx gho
S 1A, Mn/Al H1¢F Ca/Al Hlol A ¥l s w2 935 Bt 53], 443 B29 5 F
Al AY =2 Mn/Al U] 9] I35 Holw B Eul
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A ARA03B/28B-GC ARA02B/16B-GC ARA06C/04-JGC B ARA03B/28B-GC ARA02B/16B-GC ARA06C/04-JGC

N R

60 200

200 200

:
02 |8

C ARA03B/28B-GC ARA02B/16B-GC ARA06C/04-JGC
260 E 370
96
410
z Bioturbated sandy ﬂ Indistinctly-laminated
mud/mud (Bsm/Bm) sandy mud/mud (ILsm/ILm)

E Thinly-laminated muddy ' Disorganized (gravelly) sandy mud
sand/mud (TLs/TLm) “""IHomogeneous mud (Dsm/Hm)

270 =

250

310 260

300

360

340

Fig. 3-39. Distribution of sedimentary facies on X-radiographs.

RD7 445 F& 30 fuke] A BIg 23 Aolo] 9% H4709 syo] was
RD 5% Zgste] 72 245714 % o5l 7l 24 Uehdth §on pass 254

o A gakd 2 B3 T 7IA(ZY] A= 265 cm)ol A vE #EE (Y 3-38). 1L, 4
A BAEE AARR BaE Ca/Sr Hle &4 (Hodell et al., 2008)2 IRD7} H A5+
A e A A AINE de]F o ® B3 sH(oF 270-280 cm) T7F2 IRD7F 5 H =
v 3] Ca/Sr ¥ =7} vla% gtA vepdoh(2d 3-38, 3-39¢).
| B fx] wi Al HAFLS 2 AT Afolo A T ET

Ax Yepdt(1E 3). o] HAHF2 giFiE IRD/F sl A9 HAE82 A5 E b
= opiol deEE = X S B HASZE T A A T oom 7Rl 2A o] A
#4d IRD7F ## (29 3-38, 3-39¢), L at-ell= °F 9

YR AR HAHZo] By o ti(d 3-39c). ol e 3 T WlaA FEdk 34 x|
2B ANE w7 oF 196-250 em(B2-B3)77He] 71AE 2-3 cm FAR

of

i
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ek HEdol HTH MES Kol Aud 7x7F 2ddy Ay 7t g e
< E

3-39b). °F 324-356 cmT-7HB4-B5)S AR I AugE E3Fsto]

(1) ARA03B/28B-GC

28B-GC HA & ol T 2709 ZAZFo] FslstA AdAEH(2d 3-38): £ B 70
cm (B2). T3, 2% Bl B2 wobxl L° g, Mn/Al 2 Ca/Al W9 W35 S8 o]
7bFest, 16B-GC ol ¢} fFAlslAl Ao IRDES %38t Augo] AFd 54S Bl

K

oF 220-318 cm PN FF BAZ0] TREA L FAW, A x| HaAALe] HA
2 gre] werse] Qth(1g 3-38). M 220-318 cm Tirel HHZo] AFHl 7aZe

EAE HolA & &A% ;o] X o 250 cm FiHA B3 & 71AC YEhdE SR fA}
&7 IRDSF & A4 &a9E AASE Ca/Sr vl Mas gesh = grh(ad 3-38).
220-318 cm F7He] R HE(292-319 cm) A @A IRDE Eee HelFErt wdsa AR
2 7FAA dAak gAFxgle] AudEek #EET(1E 3-39).

IRD7} HA¥ F2 16B-GC Folet FASHA Bl 2% Abolol 91x|g H A 3ke] &40
IRD7} Js® 55 X33te] 2 245 oA &9 IRD7F e vh(1d
Fojete] e &
A7V A FHA LEE 3| AFoA] HlwA @2 IRD7F AEHH R FEAETH(E 3-38,
3-39c). 16B-GC Foje} g, &etor #aH= e AU sitd 52 28B-GC 9]
oA FEEA erevh 2y Ca/Sr H|(F

Fo A 16B-GC =] B3 ahiel wew g SdFd fAS 935 HAth(1d
3-38).

A gHBaA YA =g Ade HAZS F 3 Fd AA vEepdoh(y 3-33): 9F
10-46 cm(B13} B2 Abol), oF 140-220 cm, °F 318-448 cm(Eo] 71 A 74A]). sy F-7ko] b
gd 3 ASS AE, YA o]y d A S di-E IRD7F e Add 5452 A9
(19 3-38, 3-39b). 10-46 cm TFZFE 16B-GC #oj¢t &) Augo] $A3 54 welt
(19 3-39a). F5(130-225 cm)T3FE 16B-GC 3ol9k o] 1 7]A ] 1-2 cm& WMEZS o]
Fo Aud Fxrh ddHa AR JHEA deser R 2dEd 534S B (ad
-39b). H3F5-(318-448 cm) T7+E FAH(massive)d ¥ 2 A @A IRD7F B Ao g Al

Aste EAS Btk (g 3-39%).

o
o
rir
)
©
o
w
—
%)

cm 77+S Edslo] ¢F 318 em o] AEE V| FoR F

o)
i
oX,
mut
e
o2
N
>,
=
rlr
DN
a1
(@)
o

=i

iN)
12
A,
)
ol
4
o

Ot

(t}) ARA06C/04-JPC (°560 cm)
o] A% 0-560 cm7HA19] 04-JPC EAE Fol: F 6719 ZAZo] FalehA Xt 1Y
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3-38): 5(B1), & 110 cm (B2), ¢F 375 cm (B3), ¢F 422 cm (B4), ¥ 498 cm (B5) 223 554 cm
(B6). HA AN F5¥ 04-JPCS 16B-GC HAHE Fojox ZAZF2 B5F7HA L*, Mn/Al %
Ca/Al ¥olA wj$- B3k S wolFEr 18y, 04-JPCe B2 & 16B-GCe B2 ol H]3] IRD
& eFo] Wt} A1 Ca/Sr Bl &olME Bl v vas Bty 3-38).

IRD7}F JA " F2 16B-GC Fojot wl¢- FAFSHAl WebUm, Ca/Sr vl & Al w9 FARSE WshA S
4E BolErh 53], B3 F shitel waE 2E A HfAaAd gkl FxnbA olek FAdsHA ey

3 6B-GC 3ol HAEqA F5HA 22 B6 T2 PW2 T2 &zl
ahyto] e e BEA A vk Fo] 04-JPCol A BHele] ZhsEtth(1E 3-38).

A B A =T ADe HAHZFL 0-560 cm FRHA F 5 Pt Z2A dehdti(ady
3-38): °F 10-104 cm(B1-B2), ¢F 124-370 cm(B2-B3), ¢F 386-418 cm(B3-B4), °F 430-494 cm(B4-B5)
a3 oF 506-552 cm (B5SF B6 Abel) (1@ 3-38). o] b F Al A 2 LejHAs wi= £
B2-B3¢} B4-B5 Abo] itol Ank yEpGTH(1Y 3-38). AR o]l g HAF 16B-GC Fol¢} wnf
7FAZ IRD glo] +2 Agd HAE2 FAHTY EF 150-340 cm(B2-B3) 73+ 16B-GC% 28B-GC
Folo] B2-B3 Atele] H Azt uj g FAS FxA 5L ®oAvi(1y 3-39b). vt tE F:o] H
AEol s 34 9 geu A EH Pl A vwA AEaghe] A9 FelEA ¢ri st Hrt
AWt ded 54& BAth(y 3-39). wpHH e 16B-GC Fo] HAEAAHA FAAE &
T B3-B4 Ato]e] Fite A 1 em ool FAE ZtE A fdEFE st #EE# (1™ 3-39¢), B4-B5
Abo] 7l A= 16B-GCol B3-B4 Atele] @ebdl ARE F3 fARSH AMA 5 9 gl sErh vy T
AA o] YEhd

w
g
o
N
a
o
fr
[S—y

rlo

2

(2) dH] FA

Bz Al A HA ZAFA F 370 HAE ool gk tEfAQl A
2 AT A= PS72/340-5 HAE FojE AMF, 34 A4 839 5 2
WstE o] &ste] din|sta, 7IEe BHid Aol ¥ SHALGAMIS) FAHAAE EFHE
HI7MA] s EH L e AgEdSs A8 (Adler et al., 2009; Stein et al, 2010b; Jang
et al, 2013; Polyak et al, 2013). HX]&A] o AM=2 QS A Hox F5H 04-JPCet
PS72/340-5 F+ ol oF 130 kme A” A& Fi, 72 4 2349 meF 2200 m 8l A ol A
Al FE AT webA, T oso] AL W fAEAY FdE HAE F9, ok ® s gee
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T o ~
AoR & 4 9tk F Zold g uin] AxE Ay HEH, dF FHAEG Y
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B ¥ (Adler et al. 2009; Polyak et al. 2009; Stein et al.,
P17b 2w Ash %

Al71=

2004). whebA

Maximum)¥} Z2ZA(0712 cm)E A A] gk},
B3 Zol st dgjrde

S el A

B2 &= X3 Fd HA

<71

Weichselian %

FAAE ob7]Q)

Ql %
=

MIS 3, LGM(Last Glacial

2010b; Jang et al., 2013). o] 2] gt

z gt (Svendsen et al.

Adler et al. (2009)¢} Backman et al. (2009) -2 X¥ z}zF 75

ka(MIS 5. 1)<} 60 ka(MIS 4/3)=2 o]z o] EA st (Stein et al. 2010b). 2 FH Hid

A st AARL fEE Wk ASA AT T Aol ZAste], HZ B3 Tl tig Al7=
Backman et al. (2009)¢] dAd] =S A 83k Matthiessen et al. (2010)9] 71<& siA 7 &

°F 75 ka (MIS 5.1)& F9 %11 dt}(Adler et al. 2009; Jang et al. 2013; Polyak et al. 2013).
weka], B29F B3 & Abolol] wehd A 35(1237252 cm) MIS 45 233k Walr)ef £ 719
7]=o] HER Aow FAHMY, o= HFH <71 Weichselian®] x7]o] 22d Wa}z8-3t

2l 2] 3k} (Svendsen et al. 2004).

MIS 510 W3k =45 QoA o

F@ ksl 2o] AAAAE

ool =A%t & AT-olA

= Adler et al. (2009), Jang et al. (2013)3} Polyak et al. (2013) 7232} Stein (2008)° A

B6 & 71 Ao dEE PW2 Fo] ¢F 110 ka (MIS 54)2 A¢tst AxE A&ttt #lte 4
5 Ags i, ARA0BC/04-JPC H &= siojolA] B3 -B6/PW2 S7b4 MIS 51-54 &<t
ARA06C/04-JGC PS72/340-5
P |RDs  CalSr  CalAl Lo, iy o MIS
0 65 90 “‘2'":")‘50 0 100 200 300 0.4 06 0.8 1.0 D@” 0 5 10 15 9,,004,008 012 0460 05 115 2 25 345 —_—
B1 o “;:. BT .:5‘ ,.,2
53 ~
B""_’_ﬁ;'ﬁ% 40 ka
100 | == 3
B2 ; !5
{ :
200 _
== 3
= 75ka
mt—s}Ba = 5.1
AR
J 5
;— Bs{*g 5.3
B3/PS ! i
= 110 ka 5.4
B4 B f\/ ‘55
4 6
Domi . plowr yellowish brown 1
B5seeo Il derkbrown, brown 5 oegray
-ombmwn. o .
X -dngmyluolweqrw
B6/PW2,, -::::.:':::bm" [ pinkish layer ()
[ ightoive brown, 5;1::3 :::::nm
30 30 40‘50
L

Fig. 3-40. Core correlation and tentative MIS (marine isotope stage). Age models or
stratigraphy based on Adler et al.(2009), Stein et al.(2010b), (2013) and
Polyak et al. (2013).

Jang et al.
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(3) HA% &7

o] BAES EAGE X-A ARRlA #FEH= HAEY A4 F2 2 Aud
Zoh 2 F8 HATIY SAS et ted 2ol SR FESATHE 3-39): Al
& Ala Y/Y(Bioturbated sandy mud/mud, Bsm/Bm), 3|"]3 fd#=g AbE Y/ /Yy
(Indistinctly laminated sandy mud/mud, ILsm/ILm), 2= Y2 A}/Y(thinly laminated

4

muddy sand/mud, TLs/TLm), #¢ (9)AFE Y (disorganized gravelly sandy mud, Dsm) 1
2l 3 Y (homogeneous mud, Hm).

AE A Ve FRE 14 94727 EuA g dudon 2yed Azaay

Felsd H(Ilm) HAEH w4 oe A2 a3
ug fFeFe Abd Y dgs diA el g58 28B-GC Aol o] shtol ARt dEEn
(29 3-39c). Az HEY HER FAHAAY, 2Hd 4H(IRD)Y EA=Z5H AHE Y=

MY HA44e & mm olshe] ge AEA(EE AN AED FU2 PRI XA A

A AdelM F5ls Fess 2Hd dES gQlHA fdevh S8 AR @gsta A<

@ BAEe A9 vhEnbA @AY H5ge] g
A4 04-JPCAM A% BFHAT, dels A FE AMSE ol (16B-GC) H A Ee
313 F7H289-296 cm) FREolA AHE el BaE,
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o At #FECE AwkA o2 7] 2 A A (matrix-supported) 3t ZH A ¢tHo] B A o7 Al

A 54 wolx 1 ARE v del 39 AQ U =449 HoE w1

3-39c). & Y HAZS UF HATxe} Azad Fx27t Al #RHA e HHde=m
A, X2 AR el e mjas Bra s d3 e Bl F2 95y HAHAAY aeshs

P HoldL, HAR et

+ 2~3 cm&E §FA YERFGTH(LE 3-39¢).

o

2t B9 1 MIS @AE 87 54

HoaqtolA R gigFE el MIS ©Hl= PS72/340-5 H 4% #oj9 ARA0GC/04-JPC =
A= Foloke] diulE Fal MIS 5-174A19 Al71E FEstdvh(® 3-40). 1% 3-38°l A
16B-GC2} 04-JPC o] HAEL A w4t
o Wl £Aste] Hds Zojdiu|7}F 715 skt
olgfgt Fojunje} 7| FoH AYEAS AL HH(Adler et al, 2009; Stein et al.,
2010b; Jang et al, 2013; Polyak et al, 2013), 2] thx] AbdstE-o] $x3 16B-GC o
AL MIS 54 (¢F 110 ka)oll &a® Aoz dejx PW2 Zo] 55 ¢S A o7 Ho}

24

oL
uiss
ol
:L]

ol

& ¥ gslo] XRF #59 IRD &

MIS 53 A1719] 47 7]5o] BnEd AR AT

28B-GC o] HA &9 tnlx FelshAl B3 Zo] A 7] widl, MIS 4/5 7 Al
thate] AFatA dinslz] 7 2@eth(2d 3-38). 28B-GC 2o HZH & thate], MIS 5 Al
7o WE 7] 2o Aol 28B-GC o] 9} 260-280 em T3kl ekl MIS 52 A A|&h=
A Al%E B. aclueata, N. incompta, 3% 2 ASA 4 &5 &3 2o AEsA ddE 5
A tH(Polyak, 1986, 2013; Adler et al, 2009; Stein et al., 2010b). 281}, Fo] A% <F 250

cmol A A2 S-S A A Sk FE

fr
o
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m, >“”
rlr
s
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s
A
X
o
Lo
to,
&
01}1‘
—
L
=2
=
o
A
X
—
BN
Ll

sksto], MIS 40 wds Ao
A HH (28 3-39h), A= A
T Ao A= 28B-GC Z ool Ax oF 250 cmoll Al =] 71 A7kA] wdE H A 52 MIS 5

Al7] AR5 EFehs Aem FAsAY

ot
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o
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fo
o
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(1) MIS 5.2-5.1
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AE 5AH AEset v FAFs (Polyak et al, 1997; Kleiber et al.,, 2000). wkA], 28B-GC
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o] HAE st wdyE olulg HA AlE= Niessen et al. (2013) A7-olA Hig A
2 iAo mpA e ZpAer AR 3k B A A V] Eo] BREHASS AAEH whebA,
28B-GC o] ®H A Zo tigk MIS @A AA 3 510 thul= T 5L = = ot
2 Wl & dbdbo] ik 714 (Colleoni et al., 2016; Jakobsson et al., 2014, 2016)3} 2]~ tf#] 9
221 (Niessen et al., 2013)2] A1715& AFs=d o wl$- 2% HARE AT Aot

Aol g MIS @Al wheba o2t HA A= MIS 5 @A £
MIS 5 @Al= AFA oz MIS 51-56% 251, o] FoA HlwA FFPA o sl7] =
MIS 529} 54 ©Al°e]tH(Svendsen et al., 2004). H] = 28B-GC o] HAE 7]Ae] wdw 1
A ZDsmelA A2 A71E & F de A" gk A5 g55%] sk vheF ol
sk x2alo] MIS 54 s<teuk WA givtH  MIS 518 AAE HF3d B3/PS To AHAS
oty vt 2e1d FA7F 28B-GC ol HAEA THAEA 7] wEl, dg A
Qo ol HAH AH2E FAT wpAg J]AR S HA2Eo] MIS 5.2¢] dojutd Zow
FAY & dv(d 3-4D). B Ao sojriu|el whEbA, sHEAMA 510 B A = (16B-GC)oll A
MIS 528 FA5 = HA73E 8 7ol A = fl= TLs HAZe] % 8 cm F7 =
FAA T E=d(E 3-38, 3-39c), olYg HAA AbASHe] Ma = AEF HAAR
3 A1 ¥l o} (Piper, 1978; Yoon et al, 1991; O Cofaigh et al, 2003b). 2% 3-37¢] 4], Az~ tj
| &% AlHstEe] SBP "W AyHy HsriYd A F A A (Dowdeswell et al., 1996;
Niessen et al., 2013)7} @&dd AS &

=2 v Rd, 16B-GC o] HA =9 e a7 LA ofF FAs= Aol d&F=

.

ol

N

r o
ot
4
%0,
K
—t
[@))
U:J
C}
(@)
K
2
A,
2
il
1o,
fu)

It
)
Lo,
>,
o
>,

o) SR - o == _ [e) o) =] = =] u
s 7hHede HojEri (™ 3-41). A ghol=o AFR HA A 329/ (04-]JPC) HA =
MIS 5.2-5.1
Stadial Deglaciation Interstadial
. o ;)ertrilalcarbnartre/ 7 St ' Melt water
| =t bearing iceberg . » b

i Meltwater S R
[ '“‘\ O Melt water /';“\ /{w\\
ARADBBQBE—B@ o ARAO3B/ 285—6\ * IRDs ARA038/288-G} i

Arlis  \ . Arlis 0 Arlis o IRDs
Plateau / Debris flows Plateau o Plateau\
\ __— Turbidity current 4 \
RS / ~ N
'\ N .
16B-GCN A0BC/04-JGC_f 16B-GCY ARAOBC/04-JGC_g 16B-GC ARAOGC/04-JGC _g
— Jk — 7!77 \\_777”77 !
Chukchi Basin Chukchi Basin Chukchi Basin
zmm) aZnm 2 omm) (1 mm) 1 3mm omm) ) 3
- PS - PS
Bioturbated sandy ' Indistinctly-laminated ' Thinly-laminated muddy ' Disorganized (gravelly) sandy mud
mud/mud (Bsm/Bm) sandy mud/mud (ILsm/ILm) sand/mud (TLs/TLm) /Homogeneous mud (Dsm/Hm)

Fig. 3-41. Tentative depositional model for the Chukchi Basin during MIS 5.2-5.1.

_82_



oA MIS 52% &% HA4F 72 F2 W74 4d(grounding line) & ZH-E WhEH o w2

Al g = RS0 93 ILm & &4 AH(Hesse et al., 1997, 1999; Matthiessen et al.,, 2010)¢]

£ o|F1 TLs HA o] a2 F7A=2 JAHe] vebdoh(2d 3-39). L8, ole g Abd 35

g 52 gy FEe des dARZTEY AgE 28 ), Al Ao IARst 23t
Ty Zlolw @8l HA FRE £o] WstAtg ) Avd Jom FAHHEN

rr
4
-
il
P

16B-GCS} 04-JPC =o] HAHE A, MIS 514 AAstE HAS #3712 Bsm HAdo=Z
T4% B3 Fo] I 1 7] Aol= A BAE JAHPS, pinkish spots)7t #EE T A
W AR Yo wd iy HHA ebgel EXE 2dstel mE A HH8e dWtAs 2 B
TSR A3 FHA A A Abssd 24 aela ZRlEols WA ERE F4E
2ol B A 28-S XA $HtH(Polyak et al., 2004, 2009; Stein et al., 2010b). 53], 16B-GC =]
HA A, 24 eakd JdAPS)7F EEe= HAFY sHolA= vgd 2719 IRD7Y
JzH=d, ol PS S+ &8 Ca/sr Hl9 9=t A9 Hdastes S S0 = dv
(27 3-38, 3-39¢). ol2|d A= mAeteo]l= kel o3t HA =G o] th& 7]<¥¢] IRD
7F drgE Aol EAPSS A, ofvt: Al thx]o] I EIYE 7AYo 7] A
o 2HAD HHE] FHIIZ HolHe Ao AFA R AAAFA FEFE F AR
I ATH I 3-41). o]¥ st oA, 28B-GC EHAE FojolA HF23 B35 44 &t
F dAE BEHA Fe olfrEe Al A g BEHAA 7| AR MIS 51 5

A5 §9HA 21 Y BEAYS S AT & Ak AY: g A4S o]

r+
e

A7F °F 1 kmell &8 Aol (Niessen et al. 2013), EEZ A Ht}= v

(2) MIS 4-3
& AlwlElotet H2) FRF] F4] oF 650-750 mP 350-500 m A= 7] A Skl o g
#

YHEAT YHA P Wy

= T 1 =

Ao ® BWiaHTHPolyak et al, 2007; Jakobsson et al.,
2008; Niessen et al.,, 2013; Dove et al., 2014). Polyak et al. (2007)3} Dove et al. (2014) A+
of m=w, HAj FHFo] BuE HAE solet A& A& (Chirp, MBES &)+ H| i3

Aajeg ol f1xlsk= s A41(F 3507500 m)ell A 71 A A2 &2 o] LGM Al7]o] s gle
o, 2 FEFe gRAor wag vAYe 52 re] wdr Qg Aow FAHHENY T

Aol Ads v W@e 4l 650-750 m Aol Wy WHA TE AWt 3
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MIS 4-3

Stadial Deglaciation i Interstadial

v [S——

Y I X ]

Turbid meltwater IRDs
Turbid meltwater plumes -

2% plumes 7Y ol 700

ARADBE‘ZBE—\ ARA0Q3B/ 258—‘ IARA03B/28B-G! e
Arlis Arlis Arlis \
Plateau Plateau Plateau

N

~
/ t [ 4
l ArsozsrisecoN_ ARAQGC/04-JGC_ ARAGZBI165-60'\_ ARAO6C/04-JGC 4
+ +
Chukchl Basin. Chukchl Basln
"D RO R R0

- B3
EE—{ps- B3

PS

Bioturbated sandy ' Indistinctly-laminated ' Thinly-laminated muddy ' Disorganized (gravelly) sandy mud
mud/mud (Bsm/Bm) sandy mud/mud (ILsm/ILm) sand/mud (TLs/TLm) /Homogeneous mud (Dsm/Hm)

Fig. 3-42. Tentative depositional model for the Chukchi Basin during MIS 4-3.

HEde MS 4 5 5 Adelol 199 Yush 2detols Wl Hgsus 7 A

(e=]
-
deks = Aoz AokE AH(Niessen et al, 2013; Jakobsson et al, 2014). %z FHE=

LGM GAle] wrebsl 7149 sksh S 7lo) W Wakel A4 480w slste] ol Wty
B FA AANQAR, wekold YA EG A FURE FHoE @ wwH g T

Aol 7| AR JgFS wgkd Aoz FAATHPolyak et al, 2007; Dove et al, 2014;
Jakobsson et al., 2014).

PS72/340-5 E A& Foleke] diH]E Fatol(1® 3-39), i MIS 4-3 F7H B3 F9
Aol HeEE e AL 34 HASAMNE B2 & AR 2dH
3-38, 3-42). Al EAE FofolA MIS 4ol afFE = HAFHS hAZ ot ddF-25e &
AuEe dbEAQl g o3 ILm H Aol AujAo] ™ (Hesse et al, 1997, 1999;
Matthiessen et al.,, 2010), € Tzt3} vluste] 7 =744 w2 oh(1y 3-38, 3-39b, 3-42).
gk Al iAo MIS 42 T8 HAFAAE 7AW HAAs AT FEE H
At ZFAZ FAH A Goky] wFEo], HE 7|5 MIS 5218t @A wk g s iz
nhEE A g FAE Wote d4HA e AR FAFAY. a2y, ol#HA T4

FAE ILm HAGe £¥x= HA 2AE =28 & Aol HA FAF oA MIS 4



o] Wsb= Febropel & Aol SAVIY HAE FUI skl 245H 2 A A]
Skth(Jakobsson et al,, 2000; Polyak et al, 2004; Adler et al., 2009; Marz et al., 2011). &
°] IRDE 2% B2 5 #r ofvjel 1 AFed= IRD7E JAR Fo] ojad oz gl =
(19 3-38, 3-42), o]#st F A& A IRD F9 e o= AL AAE zhe WAk
A zgo] B AE &S dAEth o] g IRD 59 olxhA <l wreel it sheAdel disled,
MIS 4 &< 4 °F 650-750 mo] =A9= sl A4S opr|dd =

1HEg HQa7F 9th(Jakobsson et al, 2005, 2014; Polyak et al., 2007). =2~

A Atololl= 4l oF 300-400 me] SjAE ol F= HA iAok HA gho]=rF AL

;

; 3 2719 ol @ A
gaks HA BAC G FA Raha v 4 712k 59 A gol=e HA gAE
dojzt 4 gl 271 g8 Aol olAHew A BAd 9P FUAL Aow FHHT
(3) MIS 2-1

Niessen et al. (2013)°] w29, LGMS X383 MI
=

o= AAWsel AHA FFe WA A s
:1
]:]

£
=
ok
~N
Ll
N
>,
ol
ol
rlr
N
=
ol

(BDel A IRDZ}

o FA4¥= IL

A Ae HH EA A dE]s AR 7haA HAY BEo Zols HolFrh HA 23

#01(04-JPC)= ILm H Aol F5 o] FH, sFFAPHA6B-GCO)NA de]l2 th#](28B-GC) =

7haA Bm HAge] ME7p AsAE A B (I E 3-3%). ILm H 443 w3s)
=

w HEEA o 2 ey Bm HAAS olntk tdAH o2 FHIF 9%t HAE FFol 9
== Al7le oFd A S F(bottom current)E ERESE WHI A E A zEo] A E o 4w
Ao 7 FAHET(Stow and Holdbrook, 1984; Matthiessen et al., 2010). &3l FZoA Ao
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2 52 HA EAA dlx dAZ 7HEA ILm B A W=7 Bm Ao R AolH =
ol2gh e MIS 49 28 MIS 2 Al7lol+= 24 HA| FHFgA ddg 7] Aysh7F 2
AFAA(HA A - = A2 FFS F o} A8 (Polyak et al. 2007; Niessen et
al, 2013; Dove et al. 2014). PlA| = o2 Z =2 A &t TR 7|9 2d7]o] HosdA A &=
e LEdd FARSE SO R HolEo] VR A B W i wE RFFY AsE
A3te] WAkel o& HAE FEI HAAE, ¥ Y R AR G432 AT IRD

s 23 Auzdd Bl Fo] FAFHJS Aot 3-43)(Polyak et al, 2004, 2009;

52
o
o

Matthiessen et al., 2010; Stein et al., 2010b; Marz et al., 2011).

MIS 2-1
Galcial o Deglaciation = e == IntéT?la(ﬁal
e —— —
RDs
Turbid meltwater e IRD:
plumes oy 5
A plumes /r\\ < /;-“\’\ )
\
ARA03B/28B-¢ ARAQ3B/28B-( ¢ /ARA03B/28B-G! - !
Arlis Arlis Arlis
Plateau Plateau Plateau

|

/

t /
ARAUZBMGE-GC\ ARAUGC,GA",GC/
- [}

Chukchi Basin

~ /

R / 1
ARAquwsB.GC\ ARADSEICEICCRg ARAOZEHSB—GC\ ARASCECC
- 4 f

S \~—77,,7 e
Chukchi Basin

@ Em (1 3mm) mm @ Zom mm)
oM . 0 M5 % B1 AT
E [B2 ! B2 £ |B2 - |B2
] B3 B3
S B3 = PS™- B3
° w PS o = PS
Bioturbated sandy ' Indistinctly-laminated ' Thinly-laminated muddy ' Disorganized (gravelly) sandy mud
mud/mud (Bsm/Bm) sandy mud/mud (ILsm/ILm) sand/mud (TLs/TLm) /Homogeneous mud (Dsm/Hm)

Fig. 3-43. Tentative depositional model for the Chukchi Basin during MIS 2-1.
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Mid-to-late Pleistocene (after 780 ka)

Early Pleistocene (before 780 ka)

%9 3-44 Maximum extent of ice sheets in the northern hemisphere during the early

and mid-to-late Pleistocene (Ehlers and Gibbard, 2007).
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Arual sea s W [ i %é:% ‘v:l = Fashaat.) al80=-30%
: RS B, T 2180 = -30 %e
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e

19 3-45 Glaciomarine sedimentation at the margin of an ice-covered continent during

interglacials and glacials (Grobe et al., 2009). During interglacials, sediment is eroded by
the continental ice and rafted by icebergs. Sedimentation in the proximal areas of an
ice-covered continent are dominated by ice-rafted debris (IRD), gravitational transport
down the slope, supplemented by plankton shells and their hemipelagic sedimentation
from the water column. A lower albedo during summer is due to a reduced sea—ice
coverage which on the other hand allows a higher heat flux into the atmosphere and
thus increased evaporation and precipitation. During glacials, gravitational sediment
transport is dominant. A lower sea level provides suitable conditions for bulldozed
de-posits from the shelf by the advancing ice sheet. Primary production is reduced due
to missing light in surface waters under permanent sea—-ice cover—age which also

prevents icebergs to calve and distribute their sediment loads.
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ATAG HSdl= FHY 2 dFEd Al AFHe AAHE o w
W sy siA 2 B oalEor Qs Hir Fale]l &2 o] vE s FEEH
Afstes 2R%22 d#(Lomonosov Ridge)S AAIZ AEFa(Es

Amerasian Basin)®} &%= 3dl(%% Eurasian Basin)® FiEdth A58l du-wdys
3= &-3+A) (Alpha-Mendeleev Ridge complex)E A A= 7lyt} A (Canada Basin)9} w7}
23 A (Makarov Basin)® o]t} o] 466me 53 o] ARA03B-41GC02+ WA
T ol 20129 & AR 713 Eob WY i A wprtRE FA o] 4] oF
2,700mel Al AA AL 3-46; 82°19N, 171°33E). H o) 4 4,000me] w2z £4]9
=] F8 %FT AFU HEE zoloje} EdAEe}

B
SezEd] gFe FAO B Rolu UFRORRE Wyl Wold dlgo]s] wie] #F s
e

Z':
B2 @4l 2 9Fe vAA Ak mEA S50 AlFE o] HAEe o Wike
B

2009; Adler et al, 2009). W37l HAEL Aoz =3 M(olive gray)olld =
(vellosw)S ¥, w|$- A2 5o AE A, Ayt a5 ZAAS A& o) wghd 45 7

A, = gk Fe axzglt, 281 a3z §¥CY §%09 e e 7Hxlth(Polyak and

FIFFPSPSSIPSP DS PP P ISP PP

a9 3-46. Geographic map and location of gravity core ARAO03B-41GC02. Red circle

indicates the location of the core.
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= AE QA gy At vdam 9o gkl 28 axgh aga faE9 §¥Ce 609
Zrol =& Aol EAo|th(Polyak and Jakobsson, 2011). £3], A& =Fafo] g AHE o)== PW

S (pink-white layers)el2} =8j= A BAFOR ofFojxl 5HE FASHA EAFTS
X g3stal AuH(Clark et al, 1980). o] 52 T2 MUt oA 7|9E Aoz FAHE=
dolomite A7} F4-38lar, Z@leto]l= WA (Laurentide Ice Sheet) 0. ZH-E HWAle] thzF 3
< AN Wl EuiAd Sl sklE s AR (Heinrich events)# fAMSHA =3l B A &
A EAQ A A AR ALE-FH A Y (Bichof et al., 1996; Phillips and Grantz, 2001; Polyak et al.,
2009). ©] PW3& &8l ARS8 o2l A 3F HA &9 |7t 7hsstal EFdo]2EA F
7] AR maly Fd/mEoR s H o 20vhde Y= A== o)A HE A
Aoz A o] Folxith

Az dd 442 H3d vty e nEdor Q) AeA Ee 9
g Al Ao offHu WA H=E A ReES 1A 27] FA4(eg. Phillips and

Grantz, 1997), "'Be dti(e.g. Aldahan et al, 1997), o}H] =2t <A ofj(e.g. Kaufman et al., 2008),

_u

ol
==

=R A
=

e

il

o]

o
O_l_l

Fol7|ag At (optically stimulated luminescence; e.g. Jakobsson et al., 2003b), &&4(e.g.
Clark et al., 1980), &4 (e.g. Cronin et al, 2014), Z&]3 WA ©A dd =4 div](eg.
Spielhagen et al., 1997) ¥ o] vt WHos AAQHAY. HE=89 A 2d2 o
o e AAE7] it AlEstE FA QAL oAHds] FAGstH(1E 3-47; Stein et al,
2010). WAMY B4 dAdiE vaA Gz Ay RE S o, Al 47] 7] 5ok dukA
A E=dEY Hi HHES X4 A9 05710 cm/ky HAEolA UlE F¥HFE2 5710 cm/ky
o] o 72 tetstth(Darby et al, 1997, 2006; Polyak et al., 2004; Levitan and Stein, 2008).

rob

T2 Fo] ARA03B-41GC02(°]3} 41GC)+= Ao A o] 27 (Multi-Sensor Core Logger;
MSCL)S T3] HAE EX4PH, &Y =(wet bulk density), A& (magnetic susceptibility;
MS) S)e] ¢ lem Aoz FAHHJY. AU HAE xHA Avaatech XRF(X-ray
fluorescence) Tl =AU E o] &3t Wit ZHEy T2 Uik FAHo] oFoAR. FUIE Fof
HAE £39 A X4 A #F99 47 3o ¥ A% gk (L* (lightness), a* (redness),

b* (yellowness)) 542 HAAISF L FAN 9@ HAFZE 7[AsAH. 299 A XA AR
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NP-26 cores ; Foraminifers >150um/g mis |Ivs |[mis
#s #3  Orains >250umig Mn(W%)  Benthic  Planktonic
ﬂuas m 1610m 0 100 200 0 05 1 0 2000 4000 ka)

c 0
a3 a5

3| |8
5| |5] |5
PW2
>63um Ba= 6 || 6 6
ﬂl (wt %) Bulimina aculeata
10 20 50 100 150 (a) Ader etal. (2009)
et (b) Darby et al. (2006)

(¢) Backman et d. (2009)

19 3-47. Stratigraphy, amount of coarse fraction >250 pm and >63pm, manganese
content, and abundances of planktic and benthic foraminifers of bottom sediments from
cores NP-26-5 and NP-26-32 (combined as NP-26 record) from the Mendeleev Ridge,
western Arctic Ocean (from POLYAK et al. 2004, supplemented). Index numbers to the
right of lithologic columns show -lithologic units (B1-B7 = brown intervals, G1-G6 =
gray intervals). Brown (interglacial) intervals are marked as brown bars, pink bars
indicate pink-white detrital-carbonate layers used as stratigraphic markers. MIS
stratigraphy of the interglacials proposed by (a) ADLER et al. (2009), (b) DARBY et al.
(2006), and (c) BACKMAN et al. (2009) are shown at the right-hand side. The latter is
based on nannofossil stratigraphy from Core HLY0503-8JPC and correlation to Core
NP-26. For location of cores see Figure 3. Ages of 11, 40, and 45 ka are average
AMSI14C datings in calendar kiloyears BP (POLYAK et al. 2004, 2009).

A E; ice-rafted debris; IRD)E9 & &<lsgict.
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i Bulk density (gfccm) IRD (#cm®)
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a9 3-48. downcore profiles of L% Mn concentration, bulk density, magnetic
susceptibility (MS), and IRD content (> 15mm) of ARA03B-41GC02 with its core
surface image. Shadings indicate brown layers and red shading indicates pink-white
layer (PW2).

(2) A3t 54
41GCe] B4 2 0737.65%(F 1 2.37%), TOC/TN Hl= 13475788 262), A4 &
Aeanl= 09776.83% (3t 3.110%), ©a THURHE - 27.367-22.70% (8 - 25.60%) 2

2 RYTHIY 3-49). T2 ABSA AHES FAFI wRAF k] FF Aol 7}
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X
AAA T gkl e AN e AT =@ F AAdA =2 TS Rt 53
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19 3-49. Downcore profiles of L#, XRF Mn/Al ratio, CaCO3z content, TOC/TN ratio,
TOC content, and 613C0rg value of ARAO03B-41GC02 with its surface image. Shadings
indicate brown layers and red shading indicates pink-white layer (PW2).
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3ol 41GCe] 4 dAdi= ME=al ez sfgela] o] Folxl o)d Aok HiHE T
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08JPC)e] At x| x}7] EZF(Paleomagnetic inclination), FH4 3%, WA B4 A,
ofn| =4k MW 3t Ao (amino acid racemization), L8] AMA FFF(Bulimina aculeata,
Epistominella exigua)< ©]&3% AFTA So=2 ZAAXATHAder et al, 2009, 18 3-50).
41GCF 08JPCe] tin]oll= ZAAZo =&, L3k, 18] wet bulk densityS AF&3tch Ad)
AR AT QR Fzrol digh Ad ¥JEE F5II L 41GCe =Zol o] 247cm7t MIS
(marine isotope stage) 82}72] 74 A(244 ka)oll aNF = AcH1H 3-50). 03JPCe}Fe] iy & &3l
53 Adel Frketo] WAMY &4 dAd, B8 fes, L PWSH 25 Sl A
FoAgE AASe] 41GC - oF 25mell g AddSAE st doh(1y 3-51).

ft

B A 47] F7] o F HWEy|-W ] HESd FEAF 13 ¥

St Wite] FHstt(Middag et al., 2011). oA -5 e & F 2ol T
7] stE FHEe Wite] FEAo R SOl T ORFH JFAH=H o3 A2
iAol g FEE5olA = A5 @kslth(Schoster, 2005). ©] oAl EH A g wiko]

g AFA, 28 sl Sl oa] FFoRE Asde] ofFojXitt o] ¥
AE e ot Ay Wito] el EFH L L5 tE Ager olFst thA] il
Zod &F T ALY Wrto]l #5 T Eo HAFHoE A EA Tadnh wdh

A7) Eek fehAotel A Wik Fo] wuAAT Aol G FHI Rl wel o] A

3l A At (Marz et al, 2011). wheba 41GCe] @3t
W7DE AAsta B3t s b =32 Wl (Ee ol et E AA Y 3-48
3-49, 3-51).

HAEY A3 B s fok B 7FA SRSl Welr|-t 7)o mE 84 WIsE A
Algheh, wpsegtk A7l BAMA sheFe] w2 A2 A3 uglae o3 o B £ i
g 3-51). Wk E v 27k Al7]EQD MIS 4, 52, 54, 69 4314 wgio
gFokom B dhEFo] e FAHES AN @AY g% Aor B 4 JrH(L¥ 3-51).
MEFE B A ENA YEhe A ede aAd A3etFe]l Exdte Ayt =
(Canadian Arctic Archipelago)25-8 7|93 Ao|t}t Zdetol= 5 WA (Laurentide Ice

Sheepel EARH Avtt FEZRE FE8 W] ARIe] Fo EF AFA MEE B
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19 3-51. Downcore profiles of L* and XRF Mn/Al ratio, CaCOs; content, TOC/TN ratio
and TOC content, 613C0rg value, sand {fraction content (> 63 pm), and planktonic

foraminifera (> 63 um) content of ARA03B-41GC02 (upper 2.5 m). Head arrows with

numbers indicate calibrated 14C age (no R applied). Dashed lines divide each MIS (and

sub-MIS) stages.

Brown shadings indicate brown layers and red shading indicates

pink-white layer (PW2).
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HLY0503-08JPC

Wet bulk density (glecm)
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were established based on variations of L* and bulk density as well as occurrences of

brown layers. Gray shadings on the left figures represent brown layers. Red shading on

the left figures indicates pink-white layer (PW2).
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v ¥F AT A8

AAq7EA AAE 41GCe AE B AFsA shr] 918 A3d w gAY Aaseda
o} A Z A (biostratigraphy) & 24 -&A1Z o Aolth gk 41GCe stF Aol 2SS 98 XRF
HAa AEE o] &3 orbital tunings A8 dAolth. AA7FA AMFH MIS Adf e A
ol o3t 41GCe sHF- Adie oF 19w | Ho sidd AR oFETt. o Adio]

GEE Zgtol~EA F7] W37 (Mid Pleistocene Transition; MPT) o] 39 A x| el 7]3

wslel A Welr|-R 7o tE = 34 WEtE Y Aol 53 s o

FS T ZAEol= RS xgs Sk Ol F WA eS| s e HAE
Bering Strait

(K. D, Sid)

'g. OLEM
. @

19 3-52. Provenance of minerals and mineral groups based on ~2000 surface samples quantified
with the same XRD measurements and subsequent QUAX determination after Vogt (1997) and
Vogt et al. (2002). Qz = dominant, s = subdominant. Star = approximate ACEX site position. See
the “Sites M0001-M0004” chapter for detailed core positions, bathymetry and oceanography. White
arrows = downslope sediment transport mainly through troughs. Alm = almandin, C(Fe) = Fe-rich
chlorite, D = dolomite, Hbl = hornblende/amphibole, I = illite/mica, blue K = calcite, red K =
kaolinite, Kfs = K-feldspar, Mg = Mg-rich calcite, OLEM = mixed-layer clay, Plg = Plagioclase,
Pyx = pyroxene, Qz = quartz, S = smectite, Sid = siderite. BG = Beaufort Gyre, EGC = East
Greenland Current, Lomo = Lomonosov Ridge, TD = Transpolar Drift, TDsib = Siberian branch,

WSC = Westspitzbergen Current.
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4 %3 Q9 9426 AsE HA4E A7

el o v AE(tE ol vlol )2 HAEAdA B2 MAFE AL o
de Hol= Ao duA dnh I e f HAzo A o e A
WA A Ay g0 deHtt(Jorgensen et al 2012). ¥ Ao M E B
of AAsts MAEe R &4 HE 545 oldfsty] s mMAES MEE
A -fAstd 5A4& durRaa ik

Al Bzl A ek Btelgobe] e nj gt gk <A
(Kim et al. 2007; da Silva et al. 2013). 34| % A 5= 3|
Hhe| globel npole] o] ] -uf el tigk A Il

= Idl-lel A 4 o\ Sl
ez el o] HA =l A=

rE —p

4. A5 R U

(D) AT+ AP £ A=
2013 9¥€ o2 BAlA g5 Als] HAE AR T TN x5 A=Y 3-53)9

9
ol M AE P 99 A9 FAs.

(2) B3 E geHol 29, ¥4 2 54 £4

W& v A (marine agar)E ©|-&3to] wlE g olE Hlg-FE st B wde o714




& Actinobacteria & Firmicutes

Alphaproteobacteria “ Gammaproteobacteria

18 354 w8 HAElA e vt ol 1w v

4-20°C =olA A=At wre ol & = 43 oo F=2Y A wids AA S
of st on vregole]l F FAHLE 16S rRNA geneo] E0]# <l universal primers (Lane
191)E |63 PCR¥ sequencing "H& ol&stairh Seol#l nA=e] A -Askst 54

A= Hwang et al. (2008)2] WH & o] &35t}

[JO
i)
)
v
[>
1o,
o
e

2 2 spot testE ©| €3} 3L, double-layer plaque assay ®'H o=
s BoE F38). ol 29 3B gradient cesium chloroideE o] &3t 2114 94
7

B#ES o] &3} tH(Hardies ef al 2013).
4) 98 E "AEY AF FHAA AE 4

n A& A FHA A D(whole genome sequence)S AT G714 B4 71 W (MiSeq;
[llumina)< ©]-&3F% .

o 2% % B9

(1) 542 degot dF
HAE ARZ5H 5070 S Srsto] olo] i 16S rRNA Fd4 Md 245 ¢

ol
ol
S5

Atk v 7153 vrH g oty Gammaproteobacteria®y Firmicutes 1 °) 38-56%
RTHZE 3-54). AlFA 2= F 2470 T3 #Ho] v FFE0] B HATE 3-1).

5= Adl B8 EA Sediminicola ¥TH 2o} w5 289 Y. Sediminicola B} H| 2] o} <}
el BAVE = AF/AVIAEES iR Y H g u i Jovh(E 3-2), v
g ow Fly ute ol dEdd HAEANA #2lE FA2A Sediminicola luteus o] Sl
tH(Khan et al. 2006).

B AFE B3 Sediminicola TF(PAMC 27266%; 18 3)o] AlEwxsH(1d 3-56), A -

Azietd SEAS EAstel(GE 3-3), AT TF7F AW MEE F(Sediminicola

fru
o
X
ol
o

|
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# 3-1 5= Adl "AA=A 23 wH ot #F giE

ZdF FAE (%) aTF F IF

Nocardioides terrigena DS-17(T) 99.3 1 Actinobacteria
Bacillus hwajinpoensis SW-72(T) 99.4 2 Firmicutes
Bacillus idriensis SMC 4352-2(T) 99.5-99.7 2 Firmicutes
Bacillus muralis LMG 20238(T) 98.4-98.5 2 Firmicutes
Bacillus psychrosaccharolyticus ATCC 23296(T) 99.9-100 2 Firmicutes
Bacillus pumilus ATCC 7061(T) 99.8 1 Firmicutes
Bacillus simplex NBRC 15720(T) 98.3-99.8 6 Firmicutes
Bacillus toyonensis BCT-7112(T) 100 1 Firmicutes
Lysinibacillus parviboronicapiens BAM-582(T) 99.0 1 Firmicutes
Paenisporosarcina macmurdoensis CMS 21w(T) 99.0 1 Firmicutes
Paenisporosarcina quisquiliarum SK 55(T) 99.0 1 Firmicutes
Loktanella salsilacus LMG 21507(T) 99.9-100 2 Alphaproteobacteria
Colwellia aestuarii SMK-10(T) 97.9-99.8 4 Gammaproteobacteria
Halomonas sulfidaeris ATCC BAA-803(T) 99.7 1 Gammaproteobacteria
Pseudoalteromonas arctica A 37-1-2(T) 100 1 Gammaproteobacteria
Pseudoalteromonas elyakovii KMM 162(T) 99.8-100 4 Gammaproteobacteria
Pseudoalteromonas espejiana NCIMB 2127(T) 99.8 1 Gammaproteobacteria
Pseudoalteromonas paragorgicola KMM 3548(T) 99.6 1 Gammaproteobacteria
Pseudoalteromonas prydzensis MB8-11(T) 98.7 1 Gammaproteobacteria
Shewanella arctica IR12(T) 99.9-100 6 Gammaproteobacteria
Shewanella vesiculosa M7(T) 98.9-100 6 Gammaproteobacteria
Vibrio tasmaniensis LMG 21574(T) 99.9 1 Gammaproteobacteria
Photobacterium frigidiphilum SL13(T) 98.9 1 Gammaproteobacteria
Pseudomonas guineae M3(T) 99.7 1 Gammaproteobacteria

arcticus)®l FHtE A2 A vHHwang ef al 2015). T3+ 35 vre golE9] AFEA 7

A BE27F AR 54 MY HAER o] dFS HAAFATH

UM AFd wkel ol Sediminicola WrH|Elo} wF e MAES W] HEF HAE
FH L A, olded BE FHorFE S wEHgotse] Y HAE dAd F A
g F de 7A%H EAS Za S Aoldge TS ARt ol HFe] f18 3719
Sediminicola FE°l g A FdA A E(whole genome sequence; WGS)S AATt. o
FTE9 WGS Z7]+= 3.8-40 Mbp (18 3-57)% 0.1, 2790-288270 2] A7t w55 Ake]d

rlo

& Fdsta JATGET F 79-87%° dEH). ol ITTELS motility, multi-drug
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¥ 3-2. Sediminicola ¥YH|Elote} 1 A7 =2 GenBank A E A X

Type Isolation source Accession # Identity (%)
Strain NBRC 1009667 Marine sediment (Sea of Japan) NR_041301 100
Strain Marine sediment (North Sea) JX854410 99.9
Clone Intertidal surface sediment (China) JX193362 99.8
Strain Marine sediment (North Sea) JX854367 99.8
Strain Marine sediment (Sea of Japan) NR_113965 99.7
Strain Marine sediment JX312335 99.7
Strain Marine sediment (Sea of Japan) AB206958 99.7
Strain Marine sediment (Sea of Japan) AB206956 99.7
Strain Unknown AB681443 99.7
Strain Marine sediment JX312336 99.5
Strain Marine diatom KC250894 99.5
Strain Marine sediment (North Sea) JX854350 99.5
Strain Marine sediment (Sea of Japan) AB681305 994
Strain NBRC 100967 Marine sediment (Pacific Ocean) AB681303 99.4
Strain Marine sediment (Pacific Ocean) AB206959 994
Strain Marine sediment (North Sea) JX854412 994
Strain Marine sediment (Sea of Japan) AB681304 99.3
Strain Marine sediment JX312334 99.3
Strain Marine sediment JX312343 99.3
Clone Marine sediment (Arctic) JQ586290 99.2
Strain Marine sediment (Arctic) DQ514308 98.9
Strain Unknown DQ280371 98.9
Strain PAMC 27266 Deep-sea sediment (Arctic) 98.5
Strain Marine sediment (North Sea) JX854358 984
Strain Marine sediment (Antarctic) KC160750 93.6

Pseudoalteromonas halc s ATCC 143937 (X67024)

"‘r Pseudoalteromonas antarctica CECT 46647 (X98336)
Pssudoalteromonas nigrifaciens NCIMB B6147 (X82146)

Alteromonas fuliginea CIP 1053387 {AFSZQ&]@}’ T
Pseudealteromonas translucida KMM 5207 (AY040230)
‘{ Pseudoafteromonas agarivorans KMM 2557 (AJ417584)

E Pseudoalteromonas arttica-A-37-1-27 (DQ787199)

Pseudoalteromonas distincta ATCC 700518" (AF043742)

rl | Pseudoalteromonas paragorgicola KMM 35487 (AY040229)

Pseudoalteromonas elyakovii KMM 1627 (AF082562)

~ Pseudoalteromonas undina NCIMB 21287 (X82140)
Pseudoalteromonas issacnen-k.bﬁfi KNi-35497 (AF316144)

{F_seudnaﬂsmmanas tetracdonis IAM 141607 (AF214730)

ﬂ Pseudoalteromonas carrageenovora ATCG 126627 (XB2136)

|

B LA 1
%b"-. b)ll Jﬂbl [ I»Imml'_")l

Pseudoalteromonas hodoensis HTT (JN578478)
Pseudoalteromonas espejiana NCIMB 21277 (X82143)
Pseudc ica |AM 129277 (XB2134)
—— Pseudoalteromonas afiena KMM 35627 (AY387858)
Pseudoalteromonas marina Manod™ (AY563031)

% 3-58. 5 Pseudoalteromonas A5 AFT(YF), vloldf =9 §AAF g A (FY),
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Figure 1. Sampling sites for sediment pore waters in the Chukchi Shelf (JPC-1a or S1), Northwind Basin
Accaptec. 21N A - " (JPC-2 or 82), East Siberian continental slope (JPC-3 or §3), and Chukchi Basin (JPC-4 or $4) of the Arctic

i oSN 0IET 2. i Ocean. The sea ice concentration data from August 27 to September 5%, 2015 were obtained from http://www.
meereisportal.de (grant: REKLIM-2013-04) (Refer to Spreen et al.”). The map was created by using Ocean Data
View'.
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Arctic Ocean Paleoceanography: Towards a Continuous

Cenozoic Record from a Greenhouse to an lcehouse World
(ACEX2)

Proponents: R. Stein’, W. Jokat', H. Brinkhuis?, L. Clarke?, B. Coakley?,

M. Jakobsson?®, A. Krylov5, J. Matthiessen’, F. Niessen', M. O'Regan®,

Key scientific Objectives of ACEX 2 (708-Full1)

Did the Arctic Ocean climate follow the global climate evolution during its
course from early Cenozoic Greenhouse to late Cenozoic Icehouse
conditions?

Are the Oligocene and Miocene warmings and extensive glaciations
(e.g., the OI-1 and Mi-1 glaciations) reflected in Arctic Ocean records?
What is the timing of repeated major Plio-Pleistocene Arctic glaciations?
What was the variability of sea-ice in terms of frequency and extent?
What is the history of Siberian river discharge, and how critical is it for
sea-ice formation, water mass circulation and climate change?

8 How did the Arctic Ocean evolve during the Pliocene warm period?
How do the ACEX2 record correlate with the terrestrial record from the
Siberian Lake EI'gygytgyn?

.

W

.

E] 4 s ] £ + What is the cause of the major hiatus recovered in the ACEX record?
I8 5-3a. EEX=AIZHHEIAA 2018d A HAF Does this hiatus in fact exist?
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