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SUMMARY

[. Title

The study of reconstruction of paleo-depositional condition and biogeochemical
alteration using clay minerals in marine sediments distributed in glacial retreating

area, West Antarctica

[l. Purpose and Necessity of R&D

This proposal is focused on reconstruction of paleo-depositional condition using
clay minerals in marine sediments in West Antarctica and biogeochemical reaction
between mineral and microbe in extremely cold environment according to changes
of redox condition through glacial movement. The objective of this proposal is to
develop new proxy indicating paleo-depositional condition through mineralogical
characteristics and clay mineral chemical composition changes in the marine
sediment from glacial retreating area. Also, this study is for finding out traces of
bio-alteration induced by microbes according to redox condition changes
accompanied by  physico-chemical = weathering of clay mineral during
glacial-interglacial period. The result of this study could be a nano-scale indicator
of clay mineral distribution, physico-chemical changes of clay mineral and

microbially induced mineral structural changes.

[II. Contents and Extent of R&D

1) Investigation of sampling location of glacial retreating area and mineralogical

analysis:

@ Sampling using piston core in the vicinity of glacial retreating area on Antarctic

expedition



@ Mineralogical analysis using X-ray diffractometer (XRD) in marine sediment

samples

@ Investigation of clay mineral assemblages with depth through semi-quantitative

analysis (Biscaye, 1965)
@ TEM, SEM analysis of marine sediments in the vicinity of glacial retreating area

@ Observation of changes of Illite crystallinity (IC), mineral structure, and chemical
composition of mineral according to sedimentary facies of marine sediments on the

continental shelf during past warm period

2) Interpretation of paleo-environment using marine sediments and investigation of

biomarker of Fe-reducing bacteria in mineral (I ):

@ IC measurement of sediment core with depth in the vicinity of glacial retreating

area

@ TEM analysis of clay mineral in the sediment core according to IC changes in

the vicinity of glacial retreating area

@ Measurement of Fe-redox state in clay mineral structure according to sediment

facies using TEM-EELS

@ Chemical composition analysis of clay mineral in the sediment core with depth

using TEM-EDS

@ Biogeochemical analysis of microbe-mineral interaction from batch experiment of

past warm period continental shelf deposits

@ Analysis of extent of Fe reduction for each time point, secondary mineral

precipitation and observation of SAED pattern from the result of batch experiment

3) Interpretation of paleo-environment using marine sediments and investigation of

biomarker of Fe-reducing bacteria in mineral (II):

@ Pyrosequencing data analysis of marine sediment with depth in the vicinity of

glacial retreating area

@ Measurement of Crystal Size Distribution (CSDs) of clay mineral using TEM

_’IO_



@ Interpretation of mineralogical characteristics including IC, CSDs, and Fe-redox

state with comparing them to microbial community

@ Mapping and interpretation of distribution and chemical composition of clay

mineral in the sediment of research area through the results of last 2 years

@ Sediment provenance interpretation through cation exchange capacity and
chemical composition distribution of clay mineral in sediment core during last

glacial-interglacial period

@ Interpretation of relationship between mineralogical changes and biogeochemical
changes of sediment from continental shelf to continental rise from past warm

period to glacial period through the result of last 2 years

@ Interpretation of relationship between sedimentary environment and West
Antarctic ice shelf movement with oceanic current circulation during past warm

period

IV. R&D Results

1) Investigation of sampling location of glacial retreating area and mineralogical

analysis:

1-1) Sampling of marine sediments in the vicinity of glacial retreating area, West

Antarctica
@ Collecting sediment cores with depth from glacial retreating area

1-2) Clay mineral assemblages and mineralogical analysis of marine sediments

according to sediment facies

@ Identification of transition from glacial period to interglacial period as the
sediment core depth getting shallower through the result of sediment facies

analysis including color and sediment structural differences with depth

1-3) Mineralogical analysis of marine sediments from continental shelf and

continental rise during past warm period

@ Mineralogical analysis using XRD of marine sediments from continental shelf and

continental rise during past warm period

@ Investigation of sediment provenance proxy through smectite chemical

_’I’I_



composition analysis using TEM combined with clay mineral assemblages result

2) Interpretation of paleo-environment using marine sediments and investigation of

biomarker of Fe-reducing bacteria in mineral ([ ):

2-1) Biogeochemical analysis of sediment core in the vicinity of glacial retreating

area

@ Identification of variation in illite crystallinity with depth as a result of

mineralogical analysis from sediment core in the vicinity of glacial retreating area

@ Identification of biogeochemical reaction in deep sediments through the result of
analysis according to depth such as sedimentary facies changes, grain size

distribution, clay mineral assemblages, mineralogy differences, and structure changes

2-2) Development of proxy of paleo-environment using clay mineral chemical

composition analysis

@ Identification of supply of detrital mineral in research area during glacial

advance through mineralogical analysis of inner ice shelf sediments

@ Identification of variation of smectite chemical composition distribution between
present sediments and last glacial period sediments. Identification of existence of

detrital mineral through result of clay mineral assemblages and TEM analysis

2-3) Biogeochemical analysis of marine sediments in continental shelf during past

warm period

@ Identification of possibility of reduction of iron in iron bearing mineral sampled

from extremely cold condition which assumed to be subglacial environment

@ Observation of changes of mineral phase of sediments in between reduced and
oxidized condition and identification that biogeochemical reaction of iron bearing
clay mineral have relationship with changes of iron oxidation state of clay mineral,
clay mineral chemical composition changes, and nano-scale clay mineral structure

changes

3) Interpretation of paleo-environment using marine sediments and investigation of

biomarker of Fe-reducing bacteria in mineral (1II):

_12_



3-1) Sediment core analysis of glacial retreating area and biomarker investigation

@ Microbial batch culture experiment for core section where biogeochemical

reaction is observed through the result of last 2 years

@ Identification of possibility of iron supply from mineral by microbe-mineral

interaction in subglacial environment

3-2) Sediment provenance analysis according to changes of paleo-environment from

glacial-interglacial period

@ Mapping of clay mineral assemblages distribution and smectite chemical
composition distribution at continental shelf and continental rise through the result

of last 2 years

@ Identification of route of sediment supply and changes of sediment provenance
between glacial and interglacial period through the result of mineralogical
characteristics differences between glacial and interglaical period combined with

West Antarctic ice shelf movement at each time

3-3) Interpretation of paleo-environment of marine sediment in continental shelf

during past warm period

@® Clay mineral analysis of past warm period sediments for paleo-environmental

interpretation from past warm period (MIS5) to present (surface sediment)

@® Clay mineral chemical composition analysis for past warm period (MIS5)
through the observation that smectite content is higher at past warm period and

that this result is similar with that of surface sediments

@ Identification of various origin of sediments in the past warm period by ice
shelf retreat through the observation of changes of clay mineral chemical
composition according to past warm period-glacial period-present (surface
sediments). Identification of increase in pelagic sediments by increase of

Circumpolar Deep Water during warm period

V. Application Plans of R&D Results

Since few studies have been conducted on the changes in characteristics of marine

sediments by microbial activity, this study is valuable academically. The result of

_13_



this study can be linked to other fields that use clay mineral such as hydrocarbon
exploration, hydrocarbon migration/maturation, clay-organic matter interaction, and
relationship between carbon and clay mineral structure. It is also important that
this study is related to biosignature, the clue of origin of life, through figuring out
relationship between clay mineral and microbe in the extremely cold condition.
Changes of chemical characteristics of mineral can be a proof related to sediment
transport when interpreting paleo-environment using clay mineral in the marine
sediments from Antarctica. Furthermore, nano-scale clay mineral study is expected

to be an important role of finding out biomarker from extraterrestrial planet.

_14_
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Aol Al ety = shebd wWslel R oz A= olxRES A (secondary

3 Aa/BAES

o
A

mineral precipitation)S XRDS} TEMS o] &3lo] =7|, FZF,
ALt Ae A=7HA FaE v A9 glth

@ = W7HH Intergovernmental Panel on Climate Change (IPCC) 62 X i1Afol u}
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7ol Aol 2 Sdel 2 5 vk dE&s AT o] wEl AAA A o=

al
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L Aol ostd, vregoto] ok AMElo]E-gto]E oAl FgA o 3
A (secondary precipitation) ¥ += siderite (FeCO3)7} biosignature’} 2 4 Jth+= 7Hs
dol AAHAY (Zhang et al, 2007). whebA & A5-¢] Aap= AAANA A FEAL
(hydrocarbon exploration), 41-¢] ©]&/<7 (hydrocarbon migration/maturation), %
EZEd fr=9 S
B 7zt #A Aol B2 TS AW, SEAA nAEd FEZE]
BAE E3to] AW A 719 (origin of life)S 2S 4 A+ @A, = “biosignature”
ATex B TS = F dves AAA #¢ Fasth

T3 2 A F5Y A HAEdA AEZEIN A= vhg B Wold oigh
ATe HEE AdEe AFHAlelH, &5 A HA=ANAM nLSFS e HA
o Aol HEZES WHel g gddAdS afdste Aol BAsetH msE Hrts

of ofe] Zpmol A tebA Hito] Jhsstth ¥ wolrt, o]l gk Biomarkerol o3 &

HES- 22 (clay-organic matter interaction)*] ¥4 ¢} HEZF

BAe 35 A9 AgAel UF AT T 4¥e ¥ 5 ov, A=
Az g oA W94 F FAe deom Hel g A4 A% ofgel ol 4
Bl At vhekh EAste o FeM Al TIE Holuk FUlER 1L E
) wAEa e ARl UAdoR B8E & du o % T3 4wel /U U

Ul AFEe] AL ek dFol o9} o] FAE AL Lol T4
A WAS EAST YAZANA BPAY Aol HEFEo] Tgd HA
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28 Land
#BC27 ANTARCTICA

100°W 20°W 80°'W

a9 1) Ag= of A 3 (Amundsen Sea) S5 %2 UEAH EAAS. 2 AFdgA=
ofFA & el A UG (Pine Island), =9l = ® 3} (Thwaite Glacier), o}&# & o5
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E
@ X-ray diffractometer (XRD)Z 3t 22 E o] &3] Biscaye (1964)° 4 #|A] st
AR EANE S AEZEY oA e wst 4 AA
@ Master sizerg ©|&3dt] HA=9 Zlo] W Qx FXE ot HA 47
H LS A
1-3) A 2371 A71e dse 2 5 AW A A& tgh FE3h4 74
@® TEM, EDSE o] &3dte] aojo] 91z W ~vEolEL 318t S EAste] 7]«
A ol tig proxy =M AREE 7 A5E
2) A HAES ol&e 134 A B A 3 wAdEo] og =9 Biomarker
ZAE (1)
2-1) B F5H A HAE Fold FE-n A& e YA st E4
@® X-ray diffractometer (XRD)Z -3+ 125 ©] &3] Kubler index (Eberl, 1989)
o A A A3k illite crystallinity 41 A A
@® XRD, Transmission Electron Microscopy (TEM)S o] &35}e] =AUl A 9]
HEZ= =], 343 A&, 249 &4 AA
2-2) @A HAE Folo] HEFE 313 AR E4S §3 1284 A proxy A
@® X-ray diffractometer (XRD)Z 3t 12 E o] &3] Biscaye (1964)o 4 #|A] st
A FE FANE B3 HEZEY] AdF FdF W 4 A4
@® TEM, Energy Dispersive X-ray Spectroscopy (EDS)E o]&3dlo] EHZAE W #

EFE 29EolES YeAAdA £45ta 315 A 4 HA

2-3) HA 237 A71e] dEEe A HAEd i FE-vAd=el tE A5}

sh4 A
® XRD, TEMS ol §alx HAE 0 4 &6 #2el da st 4 BAa,

Aal-ghel Aol wE BEe Tz

X
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=2,
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o
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=
<
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28
o,
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size distribution, # 2] At} B4 A A]

3) A HAES o8 n3A Y L FH Y v Ee 9% P& Biomarker
ZAF ()

3-1) W& 5 A9 HHYE 7o A& ¥4 2 biomarker w2



ftlo

@® M1 medium
o] 398 ##3 3 1,10 phenanthroline methods ©]&3le] Y AEE =4 24
17F 8 ek Aol tie] HEZES] 3, 22 wstE
w2 Do A B4 A
3-2) A HAES W=7l wE g Wste] wE HAE 7]UA 74

o

@ o ¥ HEZZ O T, AT HlES o &3t

o] g3 A &AM HAE wF e Tl A=l o3 A

[
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=
o
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@® Kolmogrov-Smirnov test (K-S test)E ©]&3te] 74X} AFA 7k FA
A AA

3-3) A 7] Al7le] dEEe] A HAee] FFHA 8 Y

@® Kolmogrov-Smirnov test (K-S test)& ©]&3to] Wal7|-7k 7] H= 7] Ldx] 9

QATAY R FAY B A
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J= 35 (Antarctic Circumpolar

Aot} (Orsi et al., 1995). F= <37

|
—~

)

=

X
g
—_—

L
a

oF
o

. =
11/11——1 "I“txjj.

-
T

=} O R
S U=

3

Current)©l|

j%e)

Iy
El
el
;OO

,._A.uﬂo

o)
ME
o

ZO
<A
|
o

=
g
0

o~
H
o
Nlo

M

%)

o)/
M

]
BH

He

_Z#O

o

—

0

i
No

—

S

s fESoR

5

al
I 4= Slth. BC488

3l U5 AHe] PC494,
pZs

|
BC480, BCA488A &,

shel 4 2AH el Aol mol

o

T

1

9

1). BC480

914

o % 5
ShaTh (

<]

3

Fel A
Al Zolm PC4949F BC49%5E W& AW Aol 9

V3

A

°©

]_

)
=9
1

k9
pul

=

2R
A]

A

BC495 A] =9
BCh02A & &
F7kol 9]

-
o

)
=

Holl M= B2 71217F

oAl &

-
e

o} Hhd o] BCH02

R

~

;OE
»AO

_29_



Ge | Sta— ) ) ) water sediment sample
) Location Latitude | Longitude o Age
ar tion depth description depth
Amundsen .
) Brownish
Sea, inner q .
: 74 ° 105 ° mud on top,
BC | 480 continental ‘ ¢ 1452 0-3 modern
. 08 .30 |44 ‘.40 arey mud
shelf (Pine
below
Island Bay)
Amundnsen, )
Brownish
u p p e rj71° 110° . _
BC | 488 continental| 09 ‘78 104 87 1378 | foraminiferal | 0—3 modern
ooze/mud
slope
Amundsen
Sea, drift Brownish last
PC | 494 crest on 70 D‘ 108‘0 3450 | foraminiferal 199=2 glacial
_ 02 .93 | 20 .69 02 _
continental ooze/mud period
rise
Amundsen
Sea, drift
crest on . . Brownish
BC | 495 continental (7)8 <99 %88 95 3468 | foraminiferal | 0—3 modern
rise (very ooze/mud
close to site
PC494)
Amundsen .
S b ! Brownish
ea, abyssal | g0 ° 108 ° ) _
BC | 502 blain (at Polar 32 11 |18 ‘14 5205 | diatomaceous | 0—3 modern
0oze
Front)
¥ 1. BC480, BC488, BC495, PC494, BC502 Fojo thdt 9%, =4, HAESY &

X(;I b

A h
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Ab vAb  JAb Ab,
Sm, ChIt ! ] o
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|G

40

hun

% 5) RS19-GC16 o] 3t 1949 = F st 22 Alsd g 4
XRD #4 23 (11 - 50 cm)

Unit 2 (70 ~ 241cm)

Q Q Q
e | 3 L4
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K, Ch it
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it 70€M

WWM 96cm
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Unit 3 (266 ~ 404cm)
b b . T
Sm, Ch ‘ ‘ ‘ L

it | |
! K, Ch 1 i

Px |

Px P Px PxPx Py |

.

E
\

aiuiest

IV‘Pﬂ:;‘ :i;i
St

T 20 =) 40

% 7) RSI9-GC16 =0 73 304 9] i Zejshx] &2 Alzel e #4
XRD ¥4 23 (266 - 404 cm)

Unit1 (11 ~ 50cm)

Ab Ab

It i
K, Ch i Chit i

Sm, Ch
! It

a3 8) RS19-GC16 Zoj9] E A Zo thal] 2 um olst=2 Y= FEs & HEFEZ9]
¢ XRD &A% 24 A3 (11 - 50 cm)
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Unit2 (70 ~ 241cm)

Sm, Ch
! It Itlt

K Ch

w b » we 70cm

G " 96cm

i 1 37cm

m w " VR " 163em

PRI

e 196ecm

RSO, 31 oy

i 241cm

29 9) RS19-GC16 Zol9] E X Eof tia] 2 i ol8tE d= &2 & HEF
¢ XRD 543 &4 A3 (70 - 241 cm)

Unit 3 (266 ~ 404cm)

vl i hsadears 2066CM
baniebparind — 281cm

PR — e 297CmM

e i Cauiiaie v 324cm

RUPTETORN 348cm

371cm

et awy 385cm

o - 404cm

19 10) RS19-GC16 =of¢] HAZ] thefl 2 m ©let= Y= 2
W9l XRD 4% 24 23 (266 - 404 cm)
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Bulk mineralogy

Q S-Smectite, Ch-Chlorite, K- Kaolinite,
I-lllite, A-Albite, Q-Quartz, C-Calcite

10 20 30 40 50 60 70
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A Yl 10w

1w

i

19 13. BC480, BC488, PC494, 495, BCS02 HAEZE TFve o5 &l
BC4957} et E7b Frhehe e wE &

Depth (cm) S (Wt%) | (Wi%) K (wt%) C (wit%)
BC480 15.54 49.09 19.26 16.11
BC488 28.62 39.32 16.75 15.31
PC494 13.97 47.81 21.86 16.36
BC495 2839 34.69 16.37 20,55
BC502 45.21 33.92 9.78 11.09

3 2. BC480, BC488, PC494, BC495, BC502 ofe] HAEHJ = FFH
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A= [eJKe] O =5 A=
Aqomiy FHAEo vuE F Advs 77 7 U
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Sample
Gear Station Location depth Age
(cmbsf )
BC 27 Amundsen Sea, Pine island Glacier front 0-1 modern
BC 36 Amundsen Sea, North of Thwaite Glacier 0-1 modern

3 3. BC27, BC36 3ojol tigh 91, zo], At

BC2T& #71% AAE A Ho] AAH A4 28 542 99 XRD £4& 4
AeATh XRD #4124 W] g 23 57 2dolA AT
Bulk mineralogy
g S-Smectite, Ch-Chlorite, K- Kaolinite,
I-lllite, A-Albite, C-Calcite, Q-Quartz, An-Anorthite,
An Fd - Feldspar
T &
il QC 9
‘ BC36 (TG)
BC27 (PIG)
BC480(C)
BC488
. PC494(G)
e atd o w BC495()

10 20 30 40 50 60 70
1=} } O

19 17) BC36, BC27, BC480, BC488, PC494, BC495, BC502 ol 9] %= F&latA &
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Clay mineralogy
K.Ch

Ch |
s

Ch-Chlorite, I-lllite, Q-Quartz,
K-Kaolinite, S-Smectite, A-
Albite, An-Anorthite

BC27
Ao ~ - BC480

_/k i BC36

BC488

e~ PC494
BC495
BC502

1.0 2‘0 | 3‘0 4[0 5.0 E;O ?‘0
19 18) BC36, BC27, BC4S0, BC4SS, PC494, BC495, BC502 019] 2 m olat2 ¢k

e A EE AW XRD 43¢ &4 243

Core Smectite (wt%)| Illite (wt%) |Kaolinite (wt%) |Chlorite (wt%)
BC480 15.5 49.1 19.3 16.1
BC488 28.6 39.3 16.7 15.3
pPC494 14.0 47.8 21.9 16.4
BC495 28.4 34.7 16.4 20.5
BC502 45.2 33.9 9.8 11.1
BC27 11.0 56.9 16.9 15.2
BC36 24.5 35.7 25.6 14.2

¥ 4. BC27, BC36 #o]¢] HEZE shak]
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A ez FAE 71AHol HAEAY (Pereira et al, 2018, 2020), d5 72 EF
% pre-Oligocene A71¢] E A x| ZFo] W3} 2o oz Fw=HA Al
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T Mgl F53 ALEZUolES} Feol F4-3 =ERUo|EVL HAH & LAHAT
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Q S-smectite, Ch-chlorite, I- illite,
K-kaaolinite, Q-quartz, Ab-albite,
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@ S AATAE AHASFATH FF ATE T3 LH 407 o] ZHolEE W 3
S Ho]l= F< Bacillariophyta 9F Mariprofundus®] o3l #4& AAlststh. A HEA
OS2 o 670cm 7lw=o® wH 2o fAasAY, FEFIE MEA HEE SAR
HstE A2 & = Ak o= o] ZoldlA HA f4o] gAsHA Mt As &<
g+ Ak

® 19 409 Bacillariophytax E%F L& 7272 Y 52IY dANEZ A&

A EEECY TR FAAES olgd duAE Freto] sy witol el

o B 14 AT Azke] glrh BWHE 723884 cm TAHAE FAA
e WH, 618 cmE EWR/L A Sk AL BE @+ Ak AAR B

sATEe v #F Ao ME 670cm sHE MM = FERFIF HEE A FSk

ohool B3 BUR T FaRsk 348 ke 618 cm TAREE FRHe)
et B4 B0t AL MHAOER F9 @ F AW, 1 R TN P

® Mariprofundusol = Mariprofindus ferrooxydans @+ 2 A3} b glolrl &8l
(Emerson et al., 2007). ©] ®re|gole] A5 27F A& AHssto] duAE A= dvhE g
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Composition

Sediment Medium Glutaraldehyde
(713, 718 cmbsf)
Enriched slurry V \Y%
Unenriched slurry V E% V
pH 7
Temperature 4 °C

Medium M1 Basal salts, M1 Trace element, M1 Phosphate, M1 metal
composition supplement. MOPS, 15 mM Sodium selenate. 0.2 M NaHCO;, M1

Amino acid, 2 M C;Hs0;Na, 2 M HCOONa

3 5. BSI7-GCI8 HA =l gk vidd =4

@ U379 HAELS UEE HHGoEFZOR o]Fox It} 7[E WAL AFE &3
WAS EHAZAqA Ay o] 7P kst 712 WA By g§4Eo o
2= ¥ F7Fo]lt} (Christner et al., 2014). L34 GC18 Fojol %= E & FAe
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Control (time zero)

13 42. BSI17-GC18 20| x| A& 9| time zero?] Aelo]E oA 2 SAED &

ﬁr, ¥ Bioreduced (6 month), 713 cm

2 1/nm
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718cm

3 week
® D_5_Shewanella ®m D5 Pseudomonas ® D5 Ralstonia
B D5 _Alcanivorax ® D 5_uncultured bacterium ® D_5_Mesorhizobium

m D5 Escherichia-Shigella
9 44. BS17-GC18 Zof vl 23] 16s rRNA #4118 &3 3539 nAE 3

718cm

12 week
®m D 5_Pseudomonas ® D5 _Candidatus Nittosopumilus ® D_5_Clade |a
m D 5_Polaribacter 1 ® D 5_uncultured bacterium

19 45. BS17-GC18 o] v A3 €] 16s rRNA #4 & 53 125749 vAd= o3
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231 012_g35 015 _0Mm

718cm
24 week

® D5 Pseudomonas ® D_5_Shewanella % D 5_Alcanivorax

® D 5_Ralstonia B D_5_Masorhizobium ® D _5_uncultured bacterium

19 46. BS17-GC18 o] ujF A9 16s rRNA #4415 &3 24549 mAE 3

Aol X Shewanella %0 #Z® Aoty 35 wWiF A RN 79%2 =L HMER
Shewanella %°] #Z2= AT, o= 352 wl o] Fo] AL nddrh 2A

2 37t A gdgo] we F48H Srtete AR, Wik AE QA vAd=

we 37t HaEo] g} (Kostka et al, 1996). o] AFAE A& 7o} &
b e 2N AUt ®ol IPFEAI, 459 A Ao = H 3 Aol
HePHnrr A gloh. s qk T2 B3 459 AL ZANAE HEZE H

29 HkS-o] dojd 4 Q= S AAE 4 A} Shewanella T 35 °] % 125
A

i=o)
t}. Pseudomonas 4% A& AHgstal 3dst= vAE Fo] EAs7 = s,

Fol wojgeAe FASA BARAE ek
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isotope stage 5 (MIS 5) Al5Z 2xpd=71A] EA3F AR Gsle] B8 W33y
th MIS 5 A8 PC494¢] 496cme] zlolol sidats Algs 48t om, H3%
Alge dis] FEE43 TEM 4, TEM-EDS #4& X835t

Q
S-Smectite, Ch-Chlorite, K- Kaclinite,
I-lllite, A-Albite, Q-Quartz, An-Anorthite, M-
Muscovite
A
Q [3
TN N 1
Q Q Q
%cn@MMJJF w\ﬁum Qx cﬁ}wj ‘ | Q | | PC494
e LA™ WW'J'WW "l 496 cmbsf
o o e B AR R o o e e B e B B B R b o A RAsazassnzessasss s
5 10 15 20 25 30 35 40 45 50 55 60 65 70

o
lo}

KCh
Ch 1 i
Ch, K
§ a
- Ch-Chlorite, I-llite, Q-Quartz, K-
&0 A Kaolinite, S-Smectite, A-Albite, An-
iCh | ! pal ! Anorthite

i PC494
g 496cmbsf

10 20 30 40 50 60 70

18 48. PC494 496cm o9 A9¥ XRD 4 Az
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2

= S
XRD #4&

20

@ oAl & tiEA™ PC494 496cm (MIS 5) Al &:ol tiaf 2xpd =7b+] %13

B
0

0
o

]

3}

A7)

o=
—_—

Fod MIS 50l u}

A B s

.‘Z—ljr/]_
=

PawEsA Qg w2l

(£ 6).

e

16.1
15.3
16.4
12.3
20.5
11.1
15.2
14.2

Chlorite

Kaolinite
19.3
16.7
21.9

9.4
16.4
9.8
16.9
25.6

49.1
393
47.8
324
34.7
33.9
56.9
35.7

Illite

Smectite
15.5
28.6
14.0
45.8
28.4
452
11.0
24.5

BC480/0-3
BC488/0-3

PC494/199-202

PC494/496-498
BC495/0-3
BC502/0-3
BC27/0-1
BC36/0-1

6. PC4942] 496cm, 199cm
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@ folA HoX o], PC4949] 496cm A5+ =S AWELO|ES] Hl &3 o=z o
& dEfolES] S Holal vk o= 2 Foldl ' 199cme] A =& Gt

ol & Holal gtk 2wlEto] E 9] dhako] oF 30% Eobxlom, duto]ES] FHEFd of
15% ytolxlth o] & &8 PC494 496cm> H7]eka F55
E9l Fwo] o] oA gk A7 AAXG. T
B A v ure SRS Holal e, ol FUHA ZheAdel vk A WAlE A
Ao m Auelo]ESt 2 JheeuolE 98] HE FEol ko]l Frhsho
HolE9] ghako]l A4S 7heAol i, F W Al AAR JtEEUolES ¥H
o] ZAgE 7hsAdelth FhEEUelEx oAl df ¢ wmig= Wl

Fw ¥t (Hillenbrand et al,, 2003). o]&3 dlFA 719Y HAELS T2 Wal7|d &

Ador @Wol HE7] wZe Adoer Weol FHIE 7= HEA 714
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718 49. PCA94 496cm o] (MIS 5)2] = 3 A ebo] E o] o

o w] ]

@ PC494 (496 cm)
[.]1BC502

BC488

BC480
[]BC27

E BC36

vio | ! [ T I T T T T T Y
AM g 20 40 60 80 100 Fe

719 50. PC494 496cm o (MIS 5)9] z~wElo]E9] 818} Ao g 44 =x
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o . Park,
Identification of sediment
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elemental composition Ehrmann,
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Young Kyu

Park,
Claus-Dieter
Elemental composition of | Hillenbrand,
smectite as an indicator of Werner
sediment source: Ehrmann,
Implication of sediment Hanbeom | ] oL 51 =
2021.11.04 provenance for the Park, b= 8 ¥t = ]
Amundsen Sea continental| Moonseon
rise, West Antarctica Koo,
Kyu-Cheul
Yoo, Jae 1l
Lee, Jinwook
Kim
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Young Kyu
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Kim*
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2022.10.27

Statistical measurement to
the multi-sources of
sediment provenance in
the Dotson-Getz Trough,
Amundsen Sea: Cluster
analysis of Illite
crystallinity, Illite chemical
index, smectite IB value,
and clay mineral
assemblage

Insung Kang,
Young Kyu
Park,
Kyu-Cheul
Yoo,
Minkyung
Lee, Jinwook
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