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The study of biogeochemical alteration and
reconstruction of paleo-environment using clay
minerals in marine sediments distributed in ice shelf

regions, West Antarctica
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The study of biogeochemical alteration and reconstruction of
paleo—environment using clay minerals in marine sediments distributed

in ice shelf regions, West Antarctica (2 years)

II. Purpose and Necessity of R&D

This proposal is focused on the microbe-mineral interaction Iin
extreme environment and reconstruction of paleo—depositional condition
using clay mineral in marine sediment of the West Antarctica. The
objective of this proposal is, therefore, to understand the effects of
microbial alteration (that accompanies with physical and chemical
weathering during glacial-interglacial period) on the clay minerals that
influence the origin and distribution of clay minerals depends on
paleo-depositional condition. This result could be an nano-scale
indicator in sedimentary environment in West Antarctic ice shelf and
will indicate that the feasibility of the microbial Fe-respiration
utilizing minerals and possible mechanism of Fe-liberation to the

Antarctic ocean.



III. Contents and Extent of R&D

1) Identification of paleo—depositional environment and investigation of

biological activity by psychrophilic Fe reducing bacteria in marine

sediment (I):

1-1) Investigation of sampling location in Bellingshausen Sea and

Crystal Sound, West Antarctica

® Sampling using piston core in Bellingshausen Sea and Crystal
Sound on Antarctic expedition

1-2) XRD/TEM Analysis of the mineral structure and chemical

composition of clay mineral according to sedimentary facies

® Mineralogical analysis using X-ray diffractomenter (XRD) in marine
sediment

® Investigation of clay mineral assemblages with depth through
semi—quantitative analysis (Biscaye, 1965)

® TEM analysis of mineral structures in marine sediment of
Bellingshausen Sea at nano-scale

1-3) Batch experiment of Fe-bearing mineral-microbe interaction in the

freezing condition

® Investigation of optimal condition of batch experiment to confirm
biotic/abiotic reaction in Fe-bearing mineral in the freezing
condition

® Analysis of extent of Fe reduction, secondary mineral precipitation

and observation of SAED pattern for batch experiment

2) Identification of paleo-depositional environment and investigation of
biological activity by psychrophilic Fe reducing bacteria in marine
sediment (II):

2-1) Investigation of microbial community including Fe reducing

bacteria in marine sediment



Pyrosequencing data analysis of marine sediment in Crystal Sound

with Division of Polar Life Sciences

2-2) Investigation of bio-alteration of mineral using TEM/SAED

pattern

Observation of chemical composition of smectite in Bellingshausen
Sea using TEM-EDS

Investigation of sediment provenance using clay mineral composition
in Bellingshausen Sea

Measurement of illite crystallinity (IC) with depth in sediment core
according to sedimentary facies in Crystal Sound

Measurement of Fe-redox state in clay mineral using TEM-EELS
in paleo—subglacial lake sediment

Investigation of microbe-mineral interaction depends on oxic/anoxic
condition in paleo-subglacial lake and comparing microbial

community

2-3) Batch experiment of Fe-rich smectite-microbe interaction in the

freezing condition

Investigation of optimal condition of batch experiment to confirm
biotic/abiotic reaction in Fe-rich smectite (NAu-2)] in the freezing
condition

Analysis of extent of Fe reduction, secondary mineral precipitation
and observation of SAED pattern for batch experiment

Batch experiment of natural sea ice which sampled in Southern

Ocean to investigate microbe-mineral interaction in ice

IV. R&D Results

1) Identification of paleo—depositional environment and investigation of

biological activity by psychrophilic Fe reducing bacteria in marine

_10_



sediment (I):

1-1) Investigation of sampling location in Bellingshausen Sea and

Crystal Sound, West Antarctica

® C(Collecting sediment cores (BS17-GC15, BS17-GC04) from the glacial
retreat area in the Bellingshausen Sea continental shelf

® (ollecting sediment core (BS17-GC18) from the paleo-subglacial
lake sediment in the Crystal Sound

1-2) XRD/TEM Analysis of the mineral structure and chemical

composition of clay mineral according to sedimentary facies

® Interpretation of the relationship between the variation of
sedimentary facies and «clay mineral assemblages during
glacial-interglacial period

® [dentification mineralogy and clay mineral assemblages in
paleo-subglacial lake sediment in the Crystal Sound

1-3) Batch experiment of Fe-bearing mineral-microbe interaction in the

freezing condition

® Determination of optimal experiment condition about batch
experiment to confirm biotic/abiotic reaction in Fe-bearing mineral

in the freezing condition

2) Identification of paleo-depositional environment and investigation of

biological activity by psychrophilic Fe reducing bacteria in marine

sediment (II):

2-1) Investigation of microbial community including Fe reducing

bacteria in marine sediment

® Interpretation of the relationship between variation of sedimentary
facies and microbial community with depth in BS17-GC18 core of
Crystal Sound

2-2) Investigation of bio-alteration of mineral using TEM/SAED

pattern

_‘l'l_



® Measurement and interpretation of the relationship between
sedimentary facies and illite crystallinty in BS17-GC18 core

® Identification sediment provenance in Crystal Sound using chemical
composition of smectite by TEM-EDS during glacial-interglacial
period

® Observation of batch experiment for BS17-GCI8 core sediment in
anoxic, low temperature and dark condition and interpretation
mineral-microbe interaction of paleo—subglacial lake sediment

2-3) Batch experiment of Fe-rich smectite-microbe interaction in the

freezing condition

® Determination of optimal experiment condition about batch
experiment to confirm biotic/abiotic reaction in Fe-rich smectite

(NAu-2) in the freezing condition

V. Application Plans of R&D Results

This proposal of this study focuses on biogeochemical reactions
between microbes and minerals in extreme environments such as
Antarctica and the reconstruction of paleoenvironment using clay
minerals. We will perform that identification of paleo—depositional
condition, observation of bio—alteration of clay mineral and secondary
mineral precipitation by microbial activity using mineralogical
characteristic of clay mineral. At the end of the research, a new
direction of research in weathering in Antarctic area will be provided
by focusing on the role of various microbial interaction with clay
minerals. Such that the data set from this proposal will be new clue to
the origin and distribution of clay minerals that was previously

investigated by chemical/physical weathering process. Therefore,

_‘|2_



structural/chemical modification of Fe-bearing clay minerals could be a
nano-scale indicator that reflects the depositional environment in

Glacial and Interglacial period.
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FA s 3o A vhggolel HEFE Q] Hkgo] thEt A, 53 ~9E
Eot A 3kl whdlgobe] vEE g gk A5 (Stucki et al, 1987;
Kostka et al., 1999)o| A= & 291 vlg glo}r} ~WElo]E G2 & Q=

Aol Wi Eolxitta B £ vk (Kim et al, 2004). 53] o]2j3 "AE

o Hof g sl nAH Aol tE Ade S} tulHE Ao

2 v
gol o3} 2uElolE-lutolE WM Ao & gy] W, AEY A
A7 Popzel Wil sHsA

glof vl % Fosti Bad AT & 5 Arh 58 wARl
E

capacity, CEC), f7|€tx9 A% 54 2 falase &/ #E9 +
Z W3k 2 B A o] 8UtEs Ao ¥ ol dFqFS = 7 AUtk
719 Z2HEo]E-YEtolE AFrlo AUE ATelAE o
gHglo} wgo] S AF mH A LA 99 “Science” A o] AL
Eghste] FHtol= wrE oyl AWEo]E-detolE whgS F£ZA7]7] 7

ol a1, ¢, Fe A Azte] HA o] AA AR #HEeA] G
o}
o

rE
olo
=

=

F e AF7F BHxEHI (Kim et al., 2002, 2004; Dong et al.,

2003; Zhang, 2007). T3 | A& dolo] e IODP HALE B8 35
oA mAE o3 ~HEe]E-deto| o] o] whgo] AIghA

Al FHxE 2 FAg (Kim et al, 2019).
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2-2. 4 (Fe)4)

o o= A 43¢l American Chemical Society (ACS) ¢}
Goldshcmidt, Clay Minerals Society (CMS)o|A F & A FHol (target
areas)® AR = “FE Ao A YE (dissolution/solid state)” 2 “f
|% (organic matter) ¥ HEFE3o] WHg” o] Horat= A Aoy,

#3d A 839l Scientific Committee on Antarctic Research

N

(SCAR)ONAM A gl Ao wrelgole] A% m7yFol] B3t 52 &

e FSAY Bt Faggo] $AIGHA e Aojolq HEABEe] therA

opefje] FAFNA AE-FA o] depA = d oldl e FARMN FE
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2-3.

el oA A AERE AHEWA (low-grade metamorphism) 74

oA FEo £A4 A8, WMAZ-HEZE b WE, Ado vAlFR T
T8 AFE FIYstAA 53], vAEd o3t HEFES] Fx U He A
st 39l Wb 12 Q8 ofy] HE AWElo]E- dutolE e o] vbE
S AR AR e ATE FAT v vk AN = 3 A
ANAG HA =S o] &ato] v gobe] whgo] o5 S-1 dHolA FbE =
spetAl ®Wstel Rador AAPHE ojxk#Ee 4 (secondary mineral

precipitation)& XRD¢} TEME o] &3le] 7], %, A& Asl/Ides
ZAEEE AT E AF7HA FaE v A9 fit

AT3A ] 50

Aol ofebd, ule glolel] gk AHElo]E-YefolE oAl F
FRo=z  ZHA  (secondary precipitation)® =  siderite  (FeCO3)7}
biosignature’} 2 4 QutE= sFsAo]l AAHYT (Zhang et al, 2007,
unpublished data). wWgx 2 AT Ay FAAAA  AGEA}

Lo

(hydrocarbon exploration), SRS ol 5/<A (hydrocarbon

migration/maturation), A EF 23 G7]E9 A5 HF2 22 (clay-organic
matter interaction)A] ©49} HEFE Fxote] #A Ao e ggs
X, F3A o A nAEN HEFE AAAAE Falo] A 7Y

(origin of life)& & 4 9= A, = “biosignature” ¢ To|%x we JIF

EE B AFE 999 A4 HAENA HEFEL AR e o
Wolo gt A HAZE AtEHE ATFHANH, FF s EHAEAA
LGS Mk FAgol oA HEZES Wl B gFHe s s
Ao A AR BEA WMi5E Hrlsle] oy zZhmoA 3elA Hito] Jhsd

t}. o dolr}, o]# g Biomarkerd] &3 FxEA L FZ oA aAdo] AT

Aol gk Aol T8 43S T+ o F Joy, AAr H ddd
oA B4 T FAL dFer 99 de B4 AF obdd= A H
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reduction % A W3} =4

® Batch A3 tfat 23 FE A4, SAED patternS 53+ #E°] F+xW
o] %74

2-1) FAAT2 AYASFATS Fsto] HAF ol REE 5

A gg ARl dd PeEge da 4

o IAATE YAFATHG} FHstel Aelag AeEe A HHE

o] A1 Pyrosequencing data analysisZ £3) v|A&E9o 73 =4
2-2) TEM3} SAED patterng ©]-83to] F&E-v] & tjgh YA 3ge4
by
® HEFE T AMEtelEe] 3ot JE& TEM-EDSE o] &3] 54

=
® W35 HAE XRD profile®] A3E o] §3te] Zlo|H illite crystallinity
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reduction @ A W3 =H
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Biological activity FA}F (1):

1-1) SAATF4e FEato] W xshe-3l &, Agag A= AY BHAE

2

o ulg kAl o Wot FHA WE gHoRYE Ad HAE 59
(BS17-GC15, BS17-GC04) =3

o Hujag ARt Ao WE FEHE =od UAS HAEY IiE F9
(BS17-GC18)& o] &3 A

1-2) 572 Wt w2 XRD, TEMS o] &3 HEFE FE7F, 38H4

Fgel iAol g wal zhe] guaa el
o Zexg Ao WAS HHBY HAGOR §FF i WAS A7
A W BE EF, BB FF} G2 54 YA F

o AW Asd BE vAELY W oF FEwol BAL B

2) TFA 134 A 2 g H 3 mAEA T A HAE

biological activity ZA} (11):

2-1) SAATA A AstATFoF FHste] HAE Wl #¥xses sWyd H

e A E g FelsAdd g A

® Zlgjxe Ab-=9] BS17-GCI8 ol zlo] ¥ Alze taf H 44| W3}
9} microbial community®] Zlo]o] w& wAE-o tvjokA W3t &9l

2-2) TEM3} SAED pattern< o]g3lo] FE-nm| &0l o

o | ~E ALR-E=29] BS17-GCI8 Foj2] WA s 4 A ZJ
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2 A 3662 moA Zo] 771 cme] Tl E FEsgth EH A A W)
et 10 7 15 em A ow AMEYS AP GCI5 sof= 1774 FA
22 AFAeAa, GCO4 ol 307 BAaS AFs AT (29 1).

g vk o] A A" ARRE A9E bathymetry maps #S W FH A

ArTE F4lo] oF 1000 m o] Ze& A7 FAE Ao FZoE 5

sl of A 3A Wakslol WAl W Aithd g obele] ¥4
Peol 524 YA EAT AsHel Yt AGeR ARE A5
AAZL g e Aol @@ 4+ Utk BSIT-GCI8  moj:
66°44.2629'S, 66°56.0963 W= =41 1218 mollA Zo] 890 cme] FHolE ¢
Sahgieh HA44ke) Wstel we oF 10~ 15 cm Aoz AEISA 5

|

Of

5] GCI8 =ole] A%, sk 680 cm ©|3tHH YElYE HH|bgoE
(turbidite) ¢} tholo]=lEl (diamicton)e] W T H &= E A Zo| O3] ¢ &%
AEHe APt FEIT H4Z2L FE FH ol yARH (4 Tl
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B Folty (¥ 2).
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A AAdZo] yEhdn AR R ZeE dolH A4 (IG-transition)?] 54
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33 cmtE 24 HAEzo] yEudA iyt Ji= A77F BgelA dE A
712 Eoj=th a9 3 HAY AdAe Auy X3 HEA FxEVL
vebdth (29 3). ZolE AH T @Y 25kl o] dFEolA HAH A
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cm7bA] 3| A 8] HEA o|EFo] Hultte|E Fx7b g-AlskA WERdT A
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Depth (cm)

as HEsh AES YB/Y FRES A7 SAS dehdo OF
gol A FHoE A g 7] dHEA WA, A9 =1 ge)
=

:11:L01

o bt sjHo] ZHastHA T2 AAAo] et AEVQ(HE

E)ol JAREo FUhete] e 5AHow s Ed (Lucchi et al,
2002).

B;Sl7—GC15

S-smectite, Ch-chlorite, I-illite, K-kaolinite

Q-quartz, A-albite, Py-pyrophyllite

0cm Ch Qg g | Q o
9cm

19 cm
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155 c¢cm
170 cm
185 cm

200 cm
215 cm

- S reseiia et 4 B et e e

0 10 20 30 40 50 60 70
20

19 4. BS17-GC15 3919 2 um ©]3} size fractionS 2 A3+ Az o] XRD #4 2
3 BEL 2WEE SUA dEolE) JFEEUolE, Ao 2FA A

(pyrophyllite)& 3%

X 3d 24 A} zold wE ArbAQl F= T GC15 GC04 59

#gel ~HeolE, dg CHUA 9FE BEEad (1
¥ 4,5 6. Qold we W= FEE Aot HAAW, T4 FEES 4}
sHA hebst

HEE 283 XA 319 24 AaolA old wet AEFEES] Ja %
w=7F Apolzh vhr] wiitel] whdwk 4] (Biscaye, 1964)& A Alste] AHE}
olE, detolE, HUY, shgEvolES &R Zlolo utet HA G
YeRth (19 7, 8).



BS17-GC04
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® g%l 91x3 GCI5 3ol= HAY B 3tollA 2¥Ee]EVF it 311
%, defolE7} 284 %, mUA]o] 223 % Fh&|yolEV) 182 %2 3+
Holal Ho|BAZo A= 2~dEo|EVE 20 %, detolEVE 38 %, HHA
o] 21 %, 7heevelEVL 21 %9 FitAQl TS BHAv 7 §F%e] 2
A AER FrEZ E38E HAY AdME FHi 2~dHElo|EV) 251 %, 9
Zfol| EV} 445 %, HUAlo] 176 %, 7} ol EVF 128 %9 2SS e
W=, die daes duolES] Feko]l Frbstal AHER]EVE Bl
g (27 7). Zole Wyl A7e FAERE FEFe iy
dlo] Zuk o XS GC360 3o Walr|e] AEFE HFD FAls)
vebdth(Hillenbrand et al., 2009). ®l3}7]¢] W ~s194 3] g 2 #
E3dE el v HAEC] T Al o) *rkE7

9

o
59 WalE ylolst 91t} (Hillenbrand et al., 2009). ¥wkzl o2 &z 4
__'Z_

Ft} (Hillenbrand et al.,, 2003; Hillenbrand et al., 2009).
3k BS17-GC15 #o]& B H|n% & ~dElo]EQ] ghako] W&lr] Al7]
of ettt o= & aAl o] @ diEFFREd HAHJAE =HA
Foll A Ao B R 2 4 2 AEHA dor AHEE

S A old HAEo FHHE Ao=Z A Er}t (Hillenbrand et al., 2009;
Park et al., 2019). o] $-of] W do] FEsAA HolH A F oA &L
Al ol AT ok AEH Zgo] dojubA gowA GC159 AHE
102 3|4}t (Hillenbrand et al., 2009). 7HH 7]
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BS17-GC15
] A240 20 40 60 80100 (%)

O a
|G-1r

Depth (cm)
S
T

200 —
220 —

1% 7. BS17-GCI5 50]9] AHEolE, U dee|E, stZgifo]Eo gk W

e 2 At

o w5 Al 3 2 giEuld $)x3 BS17-GC04 zoj:= HA4 Gl, G3
o M= AWElolEVL Hit 472 %, detolEr}F 21.3 %, HUAlo] 16 %, 7}
ool El 155 %9 &S Holi, B HA Go]A i ~wElo|EV}F 19.3

AdefolEVF 37 %, U Ae] 291 %, Fh&Evpo]EVE 145 %°] vt &
Fow xulElo]EVE %Y eyt x3tE HAY Fo] dEA oES
o A= ~WElo| EV} 544 %, Addo|EV}F 201 %, A o] 122 %, 7+
ol EVF 133 %R thA] ~WER)|EVE Frbelal YA, dete]lES] HE

| 23 HAA EdAe Hd ~wEo]EV 185 %, dtolEv} 4l

, HUA ] 26 %, FhEEVelEVE 145 %0°]aL, Ao E A4 DellA &

»~wELO) EVL 247 %, Aol EVL 385 %, H1A o] 206 %, 7teEUolE

7F 16.2 %9 A FFS Holil HAN HAA ColxE ~dEET]

206 %, depolE} 432 %, HUAo| 22 %, Lol EYL 142 %= A

dtolEe] ko] 7bF $AletA UERdTh Fleeol B molo A ANk

o2 Ao dAg Fg7F WsE B (29 8). Walrlel HAA Gl, G3

o

X
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Hillenbrand et al.,, 2003), ¥ & 14| Ao ZRE ~AdWElolEy} X3 EH A
Eg} FUA

o] F/HATL YetolEg HUMY AAAE R FEFWEH,
Aeho| B M% WY xsAse] dekd ol F2 FF
L
l

[e]
o
e =z Tggold Al =(Graham Land)Z%E IF=E F Ut

s
H
dif
i
1%
rlo

=

22 74 sl o3 4k 712 Adr Aol AA FEHIo wet
HE e sUA g dejolEVE TR EHAEo| T4 dFel 93 ¢
T AJANA FHFd Ao i A"t (Hillenbrand et al., 2003; Yoo et al.,
2008). B A C2l 7| A= oA W o] 3] FEBI] dAA} HI=
g BASRA o] wrEoA 1 s &vF dTtek AEd whe] EHAEo %
Fal ek kel oa &g FEE 3o R siAEnt (Hillenbrand et
al, 2003; Hillenbrand et al, 2009). 7} &ajtjo]Ee] A ofial & A=
nhg]H =W = (Marie Byrd Land)o|A =& %S Holvln HIE =
(Hillenbrand et al., 2003), GC15, GC04 o] o} FAl oA wolzl 3o
AR A7 WiTell FhEe ol B Fifo] vluwA AFET 1A o
wpep W7 - 7|2 WstHA FhEEvolES] WMt AX ¢ o
Atgd (29 7, 8).
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BS17-GC04
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BS17-GCO4 510]9] ~uElo] B, %1]4], Aeto]E, 7}&u]to=d] o
N Az,

=~

g5
23

7] Fo.2 dole} ¥ A= Atmospheric deposition® & ¥ 5+ dust W
o Ay} AAHAEEZHRY Fof v &ote = Upwelling supply of

dissolved Fe 7} Attt o]2|3t Ax59o] F3S ANt HdA, AEA %A

A9 Fe fertilization®] =L 222N 7154 AA &)
2|

714 @ol EAstE A& oA ZWA microbe}t F3}EF Wk <3t
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Fe-liberations 3Helst7] 93 A3z t]dt preliminary A+& % &35}
Atk G A G {7 A/FN A FA o3t aksEH I HERE A
[e=]
-

o e exel 574 24 ATE Wt gl

® 9o Y&S nEoR o 7HA] 7] F9 duste] E3E Fe-oxide F
maghemite (y-Fe;0;)E Az} F=8&A & 3] Fe-liberationo] w3t 23S

BEETE

Fe source Maghemite (y-Fe203: electron acceptor)
Carbon source | Lactate (electron donor)
Temperature 1 °C and 4 °C
Bacteria Shewanella vesiculosa
Experiment, Control : Anaerobic (H;/N; mix:
Atmosphere
3~5% Hy)
Maghemite pH
. 1 80 mmol 7
Concentration
8 mmol 7
3 0.8 mmol 7

Atk 28 A maghemiteE v AP Eo] 23t Fe reductione] o= & X o A]
optimum conditiong Ho|+=%] Eelstry] Y3l 3714 v FHoE AHS
AP3FATE. AA FoJ A 2= carbon source® lactateE AFE3FA

al
Ee] &Fo] F3] boost up ¥H7] $13] Ml mediums H7bas] FAoh 2

Wz A wAdE ¢ Fe reductiono] ol AL &<1str] 95
FroZ vAES YA g5 A AEs AgeAT. rAEe 39
A A 3k e gol® A A= Shewanella vesiculosa (Bozal et al.,

o FrA A9 Zm: Aol AAHEL wAME vAEe ¥ Fe

o

reductionS &913t7] 98] 1522 - 10%744 22 w7y ug

© 2+ abiotic

oo

Adstaa sl 7)1Fe AWA Fe reduction® = ul
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process® & FAZF NA AEjol A A GEl 2

Fe(Il), H" §9] o]&Ee] RojA axio] AeE Wl o AAA
Zolo o g WS S H oleo] FUH=dl ©]& Treezing
concentration effect’g} atal A& A FHo|A Wkgo] A
gt (Kim et al, 2010; Jeong et al., 2012). dtA]wk 2 23 o] A= abiotic
process H.U}& biotic processel] A& 23917 wjfo 15=%

Y BAG7A L7t Lol e 2HAAE w A& o A Y wkgol
dojup=x #FEstaa; At

2 A Eorbrlel 24 E AFAdA A I dEe A} vEE &
o13t7] €8] maghemiteZ 0.8 mmol, 8 mmol, 80 mmol Z Ao & 45F7+ Hj
S Pkt 19 99 Po] 2 4%t 122 HAse] wjge 31
FATh 28 98 HW, AJ7to] AEd4E 8 mmold} 0.8 mmolo A& 4% 9}

Lo A Aozl AA Ut A 80 mmole] 7§ 4o A HjgsE Al

ol

29 Mol o A Wats AL Fal 4% oA Fed reductiono] U
gitatA dolwes & ¢ Aok

A A& 1,10 phenanthroline®. & Z}7}°] time point W& AZH3E Al &5
e d S ALEE St ol o] &3 27He] v E AT (2¥
10). S vesiculosa®] 739- ¢k 1.0 x 10" cells/ml®] %o g glols A

o d g degotz BT b 52 H 9 FEE B Z2 80
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29 AYA AH 8 FE(maghemite)-7|AE 7+e] »%4 batch 238 23 A

3},

K
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12

i 4 °C, 80 mM

1°C, 80 mM

Fe* conc (mhM)

4°C, 8 mM
1°C, 8 mM
4°C, 0.8 mM
_ ] T 1°C, 0.8 mM
o 1 2 3 4

TIME (weeks)

10. 29 A A &8 FE(maghemite)-7| S 7Fe] =% batch A& st

4) SAATA APt FHste] HAE v E¥sts sl H @

A vAE e Bl sk a4

® Zlold wWg wAE AL SAAdTE AEASATF HHstd
BS17-GCI8 stojol] thsl zold e EAGS 7IEomsto] 5 871 A F
sl 48 APtk 81-83 cm (D1), 231-233 cm (D2), 311-313 cm
(D3), 408-410 cm (D4), 618-620 cm (D5), 723-725 cm (D6), 797-799 cm
(D7), 842-844 cm (D& Zzt vAlE #4118 &3t Microbial
community #4]-& 16S rRNA pyrosequencings £3] nAE +37L &9l
a3ttt

® 16S rRNA pyrosequencing= E3 v]AES species T2 {3
unidentified¥l & A9 A Aol BAE A} vasgiv

o AL R4 ARE RH7|o <A, BSI7-GCI8e AWt#gl Zold wg F
A B, B BALS Ba 704 54 FAsAd (29 11,
12). 9448 Zojo] wah PR AR A HAB) §71% A7 F

)

A& AX H 2 m ©]3tE size fraction 3te] FEZE T4 A 8T
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100 - Structureless
200
S A |
300 S
400 5o
5 5 c £ ; ;
Bioturbation
500 5 ) 7
600 -
75505509
200- e
3 Turbidite with =5
800 - dropstone  —]
884

a9 11 9= bbe gl ag Abe=9] BS17-GCI8 F0j2] FH A A
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g 12, E= Hie ﬂﬂ/\ﬂ A}»‘%E«] BS17-GC18 F0oje] HA Jo| w& HA =

o] o]lux] (670 ~ 834 cm).
30
{5y
“ Y ‘_
g s ?\ﬁ
500 .

a9 13 Y= dlke A8 A8 A= BS17-GC18 3101-/] E A o w2 A =
o] oju]= (0 ~ 500 cm).
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(Grobe and Mackensen, 1992), o]

2 Htk (19 13).
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N
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N

£ random

bulk sample

=)

2

H4 A

7= AA

A

=]
-

mount XRD=

o

’

£ sHElE

EdER

]
=

e

34,

o

25 QAL

goethite, magnetite, ferrihydrite7} =

)

o

A g eho] E o

°] 7% island-arc belt® A

AA= e #FSAY (29 14, 15, 16).
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Microcline S-Smectite, Ch-Chlorite, K- Kaolinite, I-lllite, Ab-Albite, Q-

titanite Quartz, P-Pyrite, Py-pyroxene, G-Goethite, M-Magnetite, A-
Ch, K anorthite c Amphibole, Fd-Feldspar, F-Ferrihydrite, Ph-Pyrophyllite
K
5l Ab
QQ Ab N:O Q g M

F M e

686cm
T0em
722cm
735cm
763cm
T74cm
796cm
830cm
840cm
866cm
882cm

0 10 20 30 2theta 40 50 60 70
a8 14 G vt Ag A8 A =9 BS17-GC18 #ol<¢] bulk sample XRD (686
~ 882 cm).

Q S-Smectite, Ch-Chlorite, K- Kaolinite,
I-illite, Ab-Albite, Q-Quartz, P-Pyrite, G-
Ab Goethite, Mg-Magnetite, A-Amphibale
Ch, K Ch, K G
Ro! Ab L Ab
s,ch 1A Ab Ab P QQAb Q a a
by Ch M. Ab a
h

C il | Ab oy
410cm
J 450cm
Jmds 490cm
\ 520cm
- A ﬂ : LA 540cm
sk S LA 580cm
Nk 600cm
u 620cm
637cm
S e V| L A R A A 670cm

0 10 20 30 theta 4 50 60 70

9 15, U= wtx Ag A AR =9 BS17-GC18 #99] bulk sample XRD (410
~ 670 cm).
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Q S-Smectite, Ch-Chlorite, K- Kaolinite,
I-lllite, Ab-Albite, Q-Quartz, P-Pyrite, G-
Ab Goethite, Mg-Magnetite, A-Amphibole

K
|
s, Ch | A Ab 1 Q Ab p QO Ab Q Ab & a o

et V" - 40cm
| '-M. i ' ' 80cm
: ‘ an? 140cm
' W 200cm

: 230cm

j v' : ; : : 260cm

A im ' ; ; 290cm
‘WJ“ A 310cm
ﬁW{ A g " 340cm
370cm

0 - .1(23 | .20 . 30 2-”;'?*3 40 50 - sb | 70
a8 160 Y= vix Il 2" A= BS17-GC18 #o]9] bulk sample XRD (40

~ 370 cm).

® %X XRD 1@z e] Ang ntgoR (719 14, 15 16), Zeolo] wap HE
BEo] stks #AFEy] 98 2 um ©| R size fraction dto] HEFE &

o (29 17, 18, 19).

® Size fractiondlo] =43 XRDE R HEJEZE F2 AWEloE HY
A, detolE, sh&Eue] EVF AujH o R yEhue e 3 @ 5 S
Zlolo] uwhgt o] A|7)elE zol7b HIAR, FEAAE ol7b Tt
(29 17, 18, 19). o HEZZC] g7 WstE Fsty] fls) A

A& A AEA T (Biscaye, 1965).

X

o
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>
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ol
38

u
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i
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Q i i T
5 S-Smectite, Ch-Chlorite, K- Kaolinite,
BS17-GC18 (airdry) - I-lllite, Ab-Albite, Q-Quartz, P-Pyrite,
G-goethite, A-Amphibole, Z-Zeolite

Ch, K Ch, K G
s,ch | A | Ab 12 4y N “aam q Ab a
z | - | pySCh
; Ab
| : i v
WM ! o~ oA e 686N
| WIV‘ . 701cm
\ ‘jawvv : o 722cm
M'H W 735cm
vy e o V) i
1 VI 774cm
: 5“#'* - 796cm
it | it et
HWW A ol
WV ) 866cm
; 882cm
0 10 20 30 40 50 60 70
2-theta
a3 17 g Hls A" AR =9 BS17-GC18 #o]9] bulk sample XRD (686
882 cm)
" 9 S.3mectite, Ch-Chlorite, K- Kaolinite
BS17-GC18 (airdry) Ab Iillite, Ab-Albite, Q-Quartz, P-Pyrite,
Ch, K Ch, K G A-Amphibole
Ab K
sch 1A Ab G T P! QA Q o a
pySCh
| e A
m ' b 410cm
\"--J | _ S — 450
s {
] s
UW‘V 580cm
wv SRR - G00em
o —=
I ; ' B3Tem
LJJ..«V’ _ ki ~— o B0
0 10 20 30 40 50 60 70

2-theta

% 18 = Wte Ay aE A= BS17-GCI18 Foj9] bulk sample XRD (410
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BS17-GC18 (aird W) 2 §-Smectite, Ch-Chlorite, K- Kaolinite,

Ab lllite, Ab-Albite, Q-Quartz, P-Pyrite,
Ch, K Ch, K G A-Amphibole
Ab K
sch 1A A 1 p ! Qaa g A
: M, Ab Q
ch py> Al

1 ‘ l ' & L] 40cm

v i i 80cm
' . | P e 140cm
w 200cm

N & 230cm

_ / N it E 260cm
\.-n.—Jt_J 'J' Y A 290cm
S heAa PJ i e ocriiioions B10em
S

: : : ; . 370cm
0 10 20 30 2itheta 40 50 60 70

a9 19 Y vty gl A" AR =9 BS17-GC18 #o]¢] bulk sample XRD (40
~ 370 cm).

o W) ~3LeA 3 otz 9 X3k BS17-GCI8 Fol= HAA3 F1roA 29
Elo] EV} Wit 112 %, detolE} 27.3 %, HUAlo] 429 %, 7t&evolE
7F 186 %°] 3igs Holi WEo] FEHHA UElbE HAY2 3ol A
= 2uEo)EV} 147 %, dEtolEVL 365 %, HUAlo] 331 %, 7hevol
E7F 157 %9 HH s BTk g 9% 7)o HEA
%59} IRD7} YEvE AL 7oA Hi ~dEol V) 106 %, A
gho] E7} 386 %, HUAlo] 333 %, Ft&elvolEV} 174 %9 ks e
Aoy, AR s 445 deolE9 o]l Frista UM e Hast

S #F T 5 Avh 2HEEY] AS HEZJE] FHFHE & 7

of = Hlaz MFFo] #rh (29 20). o] GCI8 ofe] Wakr]e] A

u
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currentel] 9]3] UtolEV} FFEE ZoR WY xuHElO|ES g A
ojo] W37t 7k lel Hyr ko] & Zpolzh gl (¥ 20). dpA|WE &
HEfo|EC] - 2HEEVE AR VXS] Sl wel AEEoE

Tt gegdwn 7 debd 4 At (Weaver and Pollard, 1973). =1
A Wetrlel 2HR 7S] tiEAQl Zolo the} uEfo]E 9] 3}8F AE
s AAsET ol otdlo AeA Medlth st UolEE AdS

Aol oAl sl A JHE w2 FEE Holw F dAR dHANY
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a4 92 dehte Ao ARG (29 20).
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o= et Anz Rl

Bray-Curtis similarity (%)
100 80 60 40 20 0

D1
D2
D3
@
g
D4 8
3
Q
@
D5
D6 £
25
g3
82
D7 28
]
o
%.
D8 A
3_
a9 21 9 ke A" A= BSIT-GCI8 F:oje] o] W wAE 3 3t

® 13 218 Bray-Curtis similarity #4102 A2 2 F A A7 FA
A S AFslel=d AFSEH = AR 99 AFdME E 5 Q%o A
Al D4} D5E 7|Fo &2 Ao} a3 Alole] Aolrt Qi H A 3o 3T

3h= D6, 7, 8] fAMEE H= AE wE & Al
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Bacillariophyta (diatoms)  Mariprofundus Fibocella Sulfitobacter
B1-83
231-233
311-313
408-410
£ —
& 618-620
o
T23-T25

T97-799
842-844

10 20 30 0 6 12 18 24 0 10 20 30

Relative abundance (%)
a9 22 9 e A s A= BS17-GCI8 :oje] Zo| M FxFel v

=
Zlobel A g w4,
Unidentified Actinobacteria  Unidentified Crenarchaeota Unidentified Anaerolineae Unidentified Chromatiales

8183 0

E31-233

311313

408-410

618-620 [
723725

797-799 b

842-844

1] 1 2 3 4 o 0.5 1 o 3 2 3

5

=9

o

fa)

0 1M 20 30 40
Relative abundance (%)

a9 23 9 e A aw A= BSI7-GCI8 31019 zlo] ¥ dhg Eole 4
oA e B,

oo AR oz A4 3o HAA 22 wWakis of 680 cm 7]Fo R v

o7t MEA HEFYAY, 2ol YEryd vrE ol YElYA &= w4
g WstE A T Atk o) o] ZoldlA HH FAo] gASA Wi
g AL % @ 5 Ak

® 1% 22¢] Bacillariophytay: =%

=
=
124 Fda=clth T2 FFAES o83 duAE dHst] B
=
=
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Mariprofundus®ll = Mariprofindus ferrooxydans €= 2 A+3} bl g o} 7}k
&t (Emerson et al, 2007). o] Hregole] A9 27} HS 213}s)o]
AUAE = uteglotz B 44} 30 sjFshi= 723 T 834 cm Frlol A =

A vdetdes s & du 535 HAY 39 ARE deE 52 dEE

Rol=d ol M st FRY AH 5o $ESWAl oxygenation

Pol wat FR7F vad oxicd FFoR Wk Ao A s v
ole] &FAdo] FTUtshe o FE Kl
Pibocella+= ARk o= 3714 v 2 o} &2 ke A AL
chemo-organotrophd}i= Hlg|glo}z Zlo] Wa Az & u EHHAo] =

A5t ek 630 cm AERE Uehbe AL B#ET £ 9

wE whzolse sl BEF & BAL AAHE Foly] W] HAR

g el o 9 Aud BPoAL Aoz FFa B F Ak d
Golrh g9l BAe AAE 5 g A ael vheelol, G B9 e

TEM3} SAED patterns o]&3fe] & -v] & s g 3ets &4

BSI7-GCI8 moje] =24 B4, #B8a 24, V4% 42 o Wt

Nz F4HE HAg 39 RRoAE HUANe] gl ¥n Wie] ¥
$7) Az HA44 2, B8 1 AYeE )R defolEe] el
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ih)
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& ng oz HA 37 WslE clay sized A AAlE = £ AU
= illite crystallinity®] W3S zold wet BA&] Rttt (Jung et al,
2019) (29 24). Illite crystallinity (IC):= XRD 42| detolE Io A REA]
A% (half-height width)E Z#3lo] A ¥ =d], 3|d Aoz Ao I
H] Iro] UHl= dete]E9 AAo] FA9 #elo] Ut dWrH o R R
packet& broad3dt ¥& Holil F7-& packetd U narrowdt S HAT
utebx fF7 & packetd} @k packete] FAjel o] Fo] Fil wojA= A
ol7} vEbdth el 29 17, 18, 199 airdrye] Z#ZE ny IC7F Y
W wsty], IC7F FokAl= WakrloA P72 Holshe 73, IC7F FA

Ir

el 117 AREREes A7 349 FRoE FEE £ AUtk I
Aoz Yo A9 open systeme]7] wjio] w@d] dF 71A Q.9ld 9

3 QIS WYL T F= AN o] Al o) IC7F WA Aol

ool & Atk WA Walel ] 2R Aold ww, H44 39

of F4E Wt o3 SFARFE ubEo HAR SA47|Y duolEx
low-order Yeto]Eo]7] wjiel] 1 7]o] Yo 2R E FHAH defo]ER

o IC7F A debdth a9k GCI8 ool A= W3ky] <rell A Ay 3t
oA IC ghol =il A ol = s #F T 5 Atk ozjg Ul
2= HA374 Wsld o E oxic, anoxic condition®] W3} E A &% o]
o ¢]%l residence time®| o], w]AE-of 2|3+ minral alteration A =2 X}
o7t & A e ddET. LeiA ol ek Al i) AFAls] dopr7] 93|
TEMe = ddete|lEe] FAE Ay FAsa, 2 ZA3E $A 24t
crystal growth mechanism< 33sta Ao, zlojo] wE wAE L33

Hlwslo] ICeF A AAAE Lolr iz sk
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lliite crystallinity
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and Pollard, 1973). ~4WElo]Ex dntA o7 At 22
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wj ol o2 A4S wWAEor ek LA LR White resing F3to] =
HEA FoRA F FHE Holeth AAYE ¢ud Ame TEM &

¥

Blolee] P& sbsetA Brh WA wwd FRPLD

fz
o
rlr
o
(e
fir
o
2
ol
P‘L
=
0
o
[\
O
[\)
S
.%
T
=
T
»)
D
s
I\
o2l
rot
vl
AN
o
P‘L
N

o} ek ZEe Azh mEote] 379 o Fo LEIAT (2 27).

a9 260 EE vbe g ag A= BS17-GC18 #ole] 7k 7] 80 cme] thiE A
Eal E



o]t} (Weaver and Pollard, 1973). T3+ Y= w9 post-subduction© &

e 7 dFte] A ferro-magnesian mineralsS FHsHA
frotal 7] wiEel F3 #Eo® Mg, Feol =2 AHE|EVL PAE
Atk (Smellie, 1999). A" AdElo]Ex: W]l Wi 2o
ofgt #uk W AEHA FgoR A=Vt X AYPrE AMFER FHH
Zo 7 Wt}

Mg O Elemental composition of smectite (80 cm)

B Elemental composition of smectite (701 ¢cm)

glag A=l BSI17-GCI8 siofe] Wah7| - 7)el] wh



3 2WEl)EVE FREA EAGtE XoR g e AHEE]
S ®Be3sta 9tk (Jeong and Yoon, 2001). thE Alo] 33 ~wEl
olE9] 7AAE A 3 BHOE, y|E ATE 3 Ay 2s9q et

A s Apolel = =#ola FAAY HAE 7H9A AE B 7

W7ol Ale]l F5-3F ~¥Eo|EVL = FaE Aol A HAT

(Park et al, 2019). £ Ao %= H 7)o Wge] FEEA <2 &=

e wiA) A wEo s 523 Weddell Sea Deep Watertt Warm Deep
Hek ~dEl ] EQl #RER U EVL i HAE

o] ¥g9 ARoz Bt} (Souza et al, 2014, Park et al., 2019). o] & %3
744 2 ol el =

Sl WA HAENL 2 24 AL W, 9T Fo wHekEe] &

o

Fe, N, % 43} fgons 17 @42 f7daz dis ga 14

of Abgate] UAE Atk AW, o] @ Feo] samH AAz of
/\

FEEO AHEHEA daME A7 AgE bk Sl adA A
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o] A4l mineral alteratione] tja] #zs] Bzt o} olgd AE E
2 AA WA ZToAM Fe-liberationg &elgtoaxn I sjojre
THAHEN WAE Ggte td] FHsRaA T o)E % HAE]

MAAE Y HAEe ddsk.

Fe source Bulk sediment (iron bearing mineral, clay mineral)
Carbon source Lactate (electron donor)
Temperature 4 C
Atmosphere Experiment, Control : Anaerobic (Hy/Ns; mix: 375% H>)
. Bulk sediment pH
Concentration 126/L 7
%2 945 4 9480 VAR ke #so] oF 4y =7
o Wstrle HATE PR HutolEZoR ofFold Atk /E YA

2 WP Ml medum Woi A weelole] g2 Husgon A F4

S §A T Qe 4xo) A wjeke AAEATh n AR v e Felst
7] 938 gERToeRE uAEe %S A5ty 9§ glutaraldehydeE

oFth B EIES Aso] ARE AAT H W BA5L 2447

_60_




Coarse sediment

Fine sediment

A

. ) . T M T W T B R B
= o] = W g o T G = = o T Ry "
A J&l ..__O J&l MM ﬂ_OI ci o) £ —_ E.E e~ —_—
o ) o CONCICTI (S
- w o F o o~ BT T A
® % S %0 ﬂl B =2 e wO TR 5oy
o 0
o _ZT Ec \_.%E @ %fa O:.c ﬁE KH \_.Ea_._ . 1H_m~v VA,.# ﬂ_EH ‘m% m
2 o o T o= W S B o= V¥ - g Z
o] )] = = s W g 5 =
. x 8 w, T oH L R vy mﬂ T o o X g
2 W L dw N T
=] ‘_n_mE __OM %O H\_ ]__/l Wm_..M EO O*E ‘_Q O?._ —_ i ﬂ/l m
- of B o I S N o X
. x 8 T Lo o Wl - - o
2 o - p XK L. B 3 o a X
. x ) ™ = o X NoooE N m o} = =0 Cop )
5 o0 L CL e T L =al S S
o- wi( £ — oo PO o ol M T o ﬁa iy
D ° 3 " oo X %oT o T ST
8 8 &2 L285%5 % % =R ) o o
s & 33388883 3 3 Wﬁe ﬂE]LoTMMﬂmﬂHLMJIﬁn%ﬁW%\M_ﬂO
34 [e301/(11)24 ‘uononpal (IM)a4 4O JUS1X3 N K Y <X ®m o, W W g oo ok
m = T — oW B — ™ T
g —~ N o "0 = X el = no o
. X 5 o o N = ., g = B A
=] VL — E.E ;o.._ — X = NI N ,M N°
o] alo] < o 1 o o A BRI =0
= P TR o e o o g H0X
2 R = N W X =T o g0 7 =3 ° T
g < W C - R~
. 2 o~ \mMU ]E <t —_— ‘mﬁu 0 CI . =0 “«HVWO ~
g woR R WH Lo omT oo X g B
o { = oy ¢ o T S s 7| S
o = T = o+ Nd o W T o TR " el T —
. X < 2 o -~ O ) _ = T = g oﬁo 0
58 Mo 3 X T Boouo T oW
S W OB o o) WoT TR s W T A
- = = L e F g m R A
< 3 = M oo o - ook O oW Dow
° x 2 hin & o 7ol L N~ o my o
. g A R T T ok o T B oy O X
.. % i T x PR R T BT FRT R D BT
> o0 =
£ 2 & 3 8 %8 3 NT e
i ™R
24 [e301/(I1)24 ‘UonANPal ()24 JO JudIX3 H o=

_61_

F7h @ Aot



_(H

A A A AE FEI AE 7He gkl o3k FE Wo] B4

o

AAZEA G hEAR] He] Lxe JPY Be FSs AAshe A2
7] o2 oo} EAEE= Atmospheric deposition© ® FF 5= dust W
o H3b AHA==NYYH mob uet &etes= Upwelling supply of
dissolved Fe 7} St} o] 23k 4 A
Eo| o3 AA Hol Ho gl 10HANE Frrt K817 ufito] @3
A9 Fe fertilization®] A EZL A~ k=3

2
7 ol EAsks ds Welld Z2WAl microbest 33pst wEg-ol 9|7

Fe source Nontronite (NAu-2: electron acceptor)

Carbon source Lactate (electron donor)
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Starting point
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potential iron source from Holocene sediments beneath Larsen

Ice Shelf.” Nature Communications 10.1 (2019): 1-10.

#/\
nature g

COMMUNICATIONS

ARTICLE
OPEN

Microbial Fe(lll) reduction as a potential iron
source from Holocene sediments beneath
Larsen Ice Shelf

Jaewoo Jung® ', Kyu-Cheul Yoo?, Brad E. Rosenheim?, Tim M. Conway® ¥4, Jae Il Lee?, Ho Il Yoon?2,
Chung Yeon Hwang® 2, Kiho Yang@ ', Christina Subt? & Jinwook Kim'*

Recent recession of the Larsen Ice Shelf C has revealed microbial alterations of illite in marine
sediments, @ process typically thought to occur during low-grade metamorphism. in situ
breakdown of illite provides a previously-unobserved pathway for the release of dissolved
Fel* to porewaters, thus enhancing clay-rich Antarctic sub-ice shelf sediments as an
important source of Fe to Fe-limited surface Southern Gcean waters during ice shelf retreat
after the Last Glacial Maximum. When sediments are underneath the ice shelf, Fe?* from
microbial reductive dissolution of illite/Fe-oxides may be exported to the water column.
However, the initiation of an owygenated bicturbated sediment under receding ice shelves
may oxidize Fe within surface porewaters, decreasing dissolved Fe?™ export to the ocean.
Thus, we identify another ice-sheet feedback intimately tied to iron biogeochemistry during
climate transtions, Further constraints on the geographical extent of this process will impact
our understanding of iron-carbon feedbacks during major deglaciations.

:Depart-'nr—.nt ot Earth System Sciences. Yonsel University, Seoul 03722, Korea, *Korea Polar flasearch Institute, Incheon 21990, Kores, ? College of Marine
Science, University of South Horida, Tampa. FL US A2 School of Geosciences, University of South Flonds, Tampa, FL USA. "email: jimvook@vanseiackr
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Article

Clay Mineralogical Characteristics of Sediments
Deposited during the Late Quaternary in the Larsen
Ice Shelf B Embayment, Antarctica

Jaewoo Jung !, Kyu-Cheul Yoo 2, Kee-Hwan Lee ', Young Kyu Park !, Jae Il Lee * and
Jinwook Kim '+
! Department of Earth System Sciences, Yonsei University, Seoul 03722, Korea;

jaew cojungh7 @y onseiac kr (LI.); khiee 1008@yonsetac kr (K-H.L); pykl 258yvonseiackr (Y.EF)
2 Korea Polar Research Institute, Incheon 21940, Korea; keyoo@koprire kr (K-CY); leeji@koprivekr (LLL )
*  Correspendence: jinw ook@yonseiac kr; Tel: +82-2-2123-5068
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Abstract: Variations in grain size, clay mineral composition, and stable isotopes (§9C and 51°N)
are closely linked Lo the sedimentary facies that reflect mineralogical and geochemical modification
during the retreat and advance of the Larsen ice shelf. A whole round core of marine sediment
(EAP13-GC17, 236 cm below the sea floor) was collected on the northwestern Larsen B embayment of
the Antarctic Peninsula during a marine geological expedition (the ARA13 Cruise Expedition by the
Komea Polar Research Institute, 2013). Four sedimentary facies (Ul-U4) were clearly distinguishable:
bioturbated sandy mud (open marine, U1), laminated sandy mud (sub-floating ice shelf, U2), sandy
clay aggregates (deglacial, U3), and muddy diamictons (sub-glacial, U4), as well as interbedded
silty. Clay minerals, including smectite, chlorite, illite, and kaolinite, were detected throughout the
core. An increase in the clay mineral ratio of smectite/(illite + chlorite) was clearly observed in
the open marine condition, which was slrongly indicated by both a heavier isotopic composition
of 5C and §°N (—24. 4% and 4.3%,, respectively), and an abrupt increase in WBe concentration
{~30 times). An increase in the average values of the crystal packet thickness of illite {~1.5 limes) in
U1 al=o indicated sediments transporled in epen marine conditions. Based on the clay mineral
composition in Ul, the sediments are likely to have been transported from the Weddell Sea.
The clay mineralogical assessments conducted in this region have significant implications for our
understanding of paleodepositional environments.

Keywords: Larsen ice shelf; clay mineral compozition; smectite /illite; isotopic composition; ice shelf
retreat and advance

1. Introduction

Mineralogical and geochemical investigations of marine sediments from the continental shelf
around Antarctica provide significant clues about the stability and proximity of ice shelves, and
the influx of lerrigenous sediments and melbwater during deglaciation [1,2]. Since clay minerals
are major components of continental shelf sediments [3] their assemblages [4-6] structures [7],
and chemistry [59] are frequently used to determine the paleoceanography and paleoclimatology.
Smectite clay minerals, typical of the chemical alteration of mafic igneous rocks in warm and humid
climates [10], and structurally defect-rich hydrous minerals [11] are good indicators of sediments
provenance from a warm and humid location; in contrast, illite and chlorite result from the physical
weathering of metamorphic and sedimentary rocks under cold climate conditions [12]. Variations in
clay mineral compoesition are therefore useful for investigating the provenance and source rock of
sediments, particularly in Antarcticenvironments where secondary mineral alteration is minimal [4,13].

Minerals 2009, 9, 153; dox 103390,/ pun@0A0153 v com / journal/ minerals
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Article

Elemental Compositions of Smectites Reveal Detailed
Sediment Provenance Changes during Glacial and
Interglacial Periods: The Southern Drake Passage and
Bellingshausen Sea, Antarctica

Young Kyu Park !, Jae Il Lee 2, Jaewoo Jung !, Claus-Dieter Hillenbrand ?, Kyu-Cheul Yoo ? and
Jinwook Kim '-*

1 Department of Earth System Sciences, Yonsei University, Seoul 05722, Komrea; pyk125@yonsei ackr (YEP);
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British Antarctic Survey, Cambridge CB3 OET, UK; hile@bas ac.uk
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Abstract: Variations in clay mineral assemblages have been widely used to understand changes
in sediment provenance during glacial and interglacial periods. Smectite clay minerals, however,
have a range of various elemental compositions that possibly originated from multiple different
sources, Therefore, it might be crucial to distinguish the various types of smectites by analyzing their
elemental composition in order Lo verify the sediment provenances with certainty. This hypothesis
was tested for the clay mineral characleristics in a marine sedimenl core from the zouthern Drake
Passage (GCO5-DPO2). Rare earth elements and ey data had previously indicated that fine grained
detritus was supplied from the Weddell Sea to the core site during interglacial periods, when the
sediments contained more Al-rich smectite (montmorillonite). Indeed, marine sediments collected
close to the Larzen Ice Shelf on the eastern Antarctic Peninsula continental shelf, western Weddell
Sea embayment, show more Alrich smectite components as compared with other possible West
Antarctic sources, such as the Ross Sea embayment or King George Island, South Shetland Islands.
Furthermore, two types of smectite (Alrich and Alpoor) were identified in core GC260 from the
Bellingshausen Sea shelf, suggesting that during glacial periods some sediment is derived from
subglacial erosion of underlying pre-Oligocene sedimentary strala containing predominantly Al-rich
montmorillonite. This finding reveals different sources for smectites in sediments deposited at
site G360 during the last glacial period and during the present interglacial that show only minor
differences in smectite contents. For the interglacial period, bwo groups of smectite with a wide range
of Al-rich and Mg-Ferich were identified, which indicate delivery from two different sources: (1) the
detritus with high contents of Mg—Fe-rich smectite supplied from Beethoven Peninsula, southwestern
Alexander island and (2) the detritus with higher contents of Al-rich smectite {(montmorillonite)
possibly derived from the subglacial reworking of pre-Oligocene sedimentary strata. These results
demonstrate that the elemental compositions of smectites can be used to differentiate the sources of
smectites in marine sediments, which is an important tool to define sediment provenance in detail,
when down-core changes observed in clay mineral assemblages ane interpreted.

Keywords: West Antarctica; Drake Passage; Bellingshausen Sea; clay mineralogy; elemental
composition of emectite; transmission electron microscopy

Minerals 2019, 9, 322; doo T0A390 050322 www.mdpreomyjournal/mene cals
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Clay Mineralogical Characteristics and Origin of Sediments Deposited
during the Pleistocene in the Ross Sea, Antarctica
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ABSTRACT : A long core (R515-1L.C48) was collected at a site in the continental rise between the
Southem Ocean and the Ross Sea (Antarctica) during the 2015 Foss Sea Expedition. The mineralogical
characteristics and the omgin of clay minerals m marine sediments deposited during the Cuaternary in
the Ross Sea were determined by analyzing sedimentary facies. vanations in gramn size, sand fraction
mineralogy. clay mineral composition illite crystallinity, and illite chemical index. Core sediments
consisted mostly of sandy clay. silty clay, or ice rafted debns (IFD) and were divided mto four
sedimentary facies (units 1-4). The vanations in grain size distribution and sand comtent with depth
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Sediment Provenance using Clay Mineral in the Continental Shelf and
Rise of the Eastern Bellingshausen Sea, Antarctica
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ABSTRACT : Variations in grain size distribution and clay mineral assemblage are closely related to
the sedimentary facies that reflect depositional conditions during the slacial and interslacial periods.
Gravity cores BS17-GC13 and BS17-GC04 were collected from the continental shelf and nise in the
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