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Abstract : To trace the provenance of fine-grained sediments in response to the growth and retreat of
glaciers (i.e., Ross Ice Sheet) that affects the depositional process, various kinds of analyses including
magnetic susceptibility, granulometry, and clay mineral composition with AMS '*C age dating were carried
out using a gravity core KI-13-GC2 obtained from the Central Basin of the Ross Sea continental margin.
The sediments mostly consist of silty mud to sand with ice-rafted debris, the sediment colors alternate
repeatedly between light brown and gray, and the sedimentary structures are almost bioturbated with some
faint laminations. Among the fine-grained clay mineral compositions, illite is highest (59.1-76.2%),
followed by chlorite (12.4-21.4%), kaolinite (4.1-11.6%), and smectite (1.2-22.6%). Illite and chlorite
originated from the Transantarctic mountains (metamorphic rocks and granitic rocks) situated to the south
of the Ross Sea. Kaolinite might be supplied from the sedimentary rocks of Antarctic continent underneath
the ice sheet. The provenance of smectite was considered as McMurdo volcanic group around the Victoria
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Land in the western part of the Ross Sea. Chlorite content was higher and smectite content was lower during
the glacial periods, although illite and kaolinite contents are almost consistent between the glacial and
interglacial periods. The glacial increase of chlorite content may be due to more supply of the reworked
continental shelf sediments deposited during the interglacial periods to the Central Basin. On the contrary,
the glacial decrease of smectite content may be attributed to less transport from the McMurdo volcanic
group to the Central Basin due to the advanced ice sheet. Although the source areas of the clay minerals in
the Central Basin have not changed significantly between the interglacial and glacial periods, the transport
pathways and delivery mechanism of the clay minerals were different between the glacial and interglacial
periods in response to the growth and retreat of Ross Ice Sheet in the Ross Sea.
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AFEAE o] HEFE2 slSSHolA A=
A7 % s i 574 oAl =elA ket #
slol] oste] AAFE ] YR Y= ol HEZ
0] 24¥ S 719A] Beke] Aol wet A dnt
(], Chamley 1989). B8t 9FA 9] Fsh= §74¢] 71§ =
ol M7FsHA REgstR =, s e A ] HEZE 24
< BA =] 719A AR ofue} 7] S Al
431A AFg-EthRobert and Maillot 1990; Hambrey et
al. 1991; Ehrmann and Mackensen 1992; Ehrmann et al.
1992, 2005). A & (2011)2 »px9t Hof 317 (Last
Glacial Maximum) &<t W g3 YEFE =
Heo| st e EHHE 7|¢A 9] HstE Rg et B
sk "ol A Al H2 =4 71EA = WshlE
QF sl e] gt s Aol ols) &R o]Fst
R, sl F43] st S2A A7)ol= WS
& Qo] Fa3t HAE 7|IAR AEYrhaL A st
th 39 Liu et al. (2003)2 Z2to|2EAN5<H Y5t
A E A =X FEZ=ES] F4% 2/ W= ofAof
o Hstol o8l tiF oFAe] A Aot viskE] o
ojm 7Hy7]oll= 3}8H4] F3p7E ¢AlSte] LEElo] EVF
S7kstal Welrlole &84 F3h7t Alstke] deto]Est
=UAe] F7HRitaL Baskict.

d3e) IEFUR) AEGE FFE o 0 o] 5o
FRE =T WA E Qg 315 FkE =24 F3t
o &gk A7 AAZTHGriffin et al. 1968; Robert and

i

=

Mo 7

1992). =3l ST defo|ES} HUAo] 3
Aoz Fxsted, o] F HEZFEES T2 Y=
(glacial scour)ell ¢J3ll 53] sd= &l WAl EXEsh=
AR Al g8 Fslo o5 A4t (Ehrmann et al.
1992, 2005; Fagel 2007). 8 7h&E|uolEx st 373
oAM= APER 7] wZol, 7ThElUelEvE A4 £ X
she @8l STt s 7RVl EE 23 o

H A= 284 Fsht LESY] A o= A4
Hof 2nbdE Ao Z B tHHambrey et al. 1991;
Ehrmann et al. 1992). @53l t5FH72] 29elo|E=
TSN B3 71X g AF7F FE5EEA]L
dntzlo g sib7]ed 49 F3lel oJs FhEH= Ao
Z g th(Robert and Mailot 1990; Ehrmann et al.
1992).

AA| FFHES WetE JofQly] wf&ol], gukxo s

A 719 AERES FA =] ofHaL 287 F3tl 9
& AEZFES] A B D H(Griffin et al. 1968;
Robert and Mailot 1990; Ehrmann et al. 1992; Grobe and
Mackensen 1992; Petschick et al. 1996; Fagel 2007).
2hA], B8l EFTHET HAEY JELE 3 Wshe
X E2] 719X} ol sAHRE FH3= o &5 A
4% % tHHillenbrand and Ehrmann 2001; Hillenbrand et
al. 2009; Ehrmann et al. 2011). Lucchi et al. (20022 &
SHEEe] olFAls] HEFRFoA HEZE 24 Hske
3715 Hstel] wE EAEY ol s E HstE AHals]
th. W]l A 874t 54 F(contour current)”} §-
Alete] HENEERE defo|EQ) HuAo] 2 FHFE
A9k, 2716 = A'F TR oFshE o] dtol
Eg} A o] Fgo] FolE7] W] oREAls) thE
FRT= iz er Luglo]ES} 7hEEvo|ES] ¢
o] Z7eitt. gt H=s) tSFH A Aoz
depo| ES} A o] AEHA EESHAIRE, E A E2] 7]
Ao wet A gHor HEFE| Fxef FEFe] Aol
7} 881 Yebdth(Ehrmann et al. 1992). dl& &
W g 23128l 5% tlS-5oll= W EH (Beethoven) ¥
ERE] I3 2HEle|EVE I EE v, AE dEe
o= dEeldvH(Eltanin Bay)ZF-E delo|E7} FH-5H
TEE7] W] 55 EH &S HEZES &
327} t=th(Hillenbrand et al. 2009).

22oA TP ] JAEZE dFe HEE
Aol Agt=]o] It 7|EATe] Aol o]shH =2

Wrj ] PESE Be Fue detolEg Huge
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228 FEe] FoRTE W =23 Fstol ols)
TRHICH, =& e LuEolEx A A%
o] Wl = 3}k (McMurdo volcanic group)e] 3}2HA ol
Al FaE 22 BIEcke], Ehrmann et al. 1992).
TS 7| FHE AEZE] A3 AFES UIFE 2
23] 550 FAZ] ARG W ErE A HollA =3t
o] ¢IthEhrmann et al. 1992, 2005; Ehrmann 1998;
Setti et al. 2000; Giorgetti et al. 2009; Franke and
Ehrmann 2010). 53] 223)¢] tSAMHAZ}; EH'E‘EHE 23
st EFHAA FlE JAEZE At ws 7538t
o} F2Zo 3 5 (2018)2 B3 B iEAbHe &
FEo 7194 AFE Fote] WarlEst Axigk Rl
o8l =T AT E el o] =2 e
depo| EVF FFEHJAL, 7170 F74g LuEte] Egt
ThEE|Ue| Ex Aol FE Gt gEEdhie] ke
Zo] €3 F=AME F(Antarctic Slope Current)”} H3}3}
o 228 §9 == 74 N2 RE FFEHAL
Zolgkal siAsTt. olyl ATe] HAE 223 E T

o] MZ tiFAbE] AEE FHEA A F 5T
oo HEF= 2/ Wsts Tl AlHd o] 719%
£ ZIsk= Zlolth. o] Walr|IH7] Ale] 22
“F(Ross Ice Sheet)?] Wzt Ao wlE 223 5

o) A3} 52 A9 AEFE /19AE v
Zolt},

=

oE_HJ

ﬁx

PIL

2. 9429

22l AAA AlY & FEe] Wedd 22E
(Ross Ice Shelf)o] F&ol wgsly Wi H&Eo0Z =
o

H5e°l & 711 HH4 AthFig. 1). FA PHoz2HE o
59 FFS I = EEUste] FE o)A R,
%‘——Er% *1 St AFAQA WeRe Feolt

(Bindschadler 1998; Denton and Hughes 2002). 22~ ¥
&e 715 wstel] wet g $EE s e, 3
npx ek Ho) W7o 74°S7H4] A5 th(Licht et al.
1996; Shipp et al. 1999; Howat and Domack 2003). 715
Hslol] w22 W] A FEE 2hdl tEEe]
HARA A dFE vz, e trolojHEle]
Egt g usteE Abd- A o] Aol g tiE6-o
of 2] Zqox LA aE o] Wyalr] Rt Wde]
EA071 Fel= A tH(Domack et al. 1999; Bonaccorsi et al.
2000; Salvi et al. 2006).

228 552 Wstol o3 A or F4lo] e
For Zlojxi, H-5F W 1 B e =
(troughy?} ¥l (bank)7} TH B-Zsh, thESdo] 315}
Al We]o] gltk(Anderson et al. 1984). 23 2] thE%
< 180° BAR &5 AEom U, 52 A4
o= \e I W 5 UL, MBS FE F2 =
I =& E7F YepPdti(Davey 1981). 223 thSAMA
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Fig. 1. Physiography of the Ross Sea. A gravity core (KI-13-GC2) was collected at site KI-13-C2 (71°52'S, 177°48'E,
depth 1800 m) located in the Central Basin at the western continental margin of the Ross Sea. Dotted line
indicate the LGM grounding line as determined by Shipp et al. (1999). Core RS14-C2 located at the eastern
continental margin of the Ross Sea was studied by Ha et al. (2018). (AABW: Antarctic Bottom Water, CDW:
Circumpolar Deep Wate, HSSW: High Salinity Shelf Water)
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o] A (Iselin) EE AAE slo, % FAMHS AL
ol # A ol =EA e W, A& tiSAMA
2 Ak erelA|RE B El A jto] YEhe JEHE
Holth(Davey 1981).

Z22E9] Aalge sFoTmE 223 SFE X3
3, BEO 2= Agol syl FAEE 37K gHTh
(Budillon et al. 2011). 2289 3= A FFESSF
(Antarctic Surface Water), s=3Hd%<=(Circumpolar Deep
Water), ‘F=4%5(Antarctic Bottom Water) 2 &5
(Shelf Water)= /dEtH(Jacobs 1991). 2312 thEA}
W met AEoR 2= AR WEsia, ol
mel 29 I PO F3TTIE 220 tiEE
02 FUHES YEEF Ee FFESFY EHEY
(Fig. 1; Jacobs 2004; Orsi and Wiederwohl 2009). t&
e Weel oal] WzkEoe] WE ol®E HAE H 2
28] BAE tSAMES Sall WA Ut s =gt
= 9FASFE A3 Orsi et al. 1999).

223 58] FFEHHES FE 2 AUt W
F FFREHEZ FAEtH(Langone et al. 1998). W&
AREHES AF a7l o) ai#] g HHEE0] A
o]53te] ¥ EtH(Anderson et al. 1991). 7% JUE &
Sl groll A== Z2tk(polynya)el Al QL sfH ol
St A EZHAEe] HA Y o3te] EAEth(Arrigo and
van Dijken 2004). A&53 2289 152 P v
o= Yo JJar F3] A2 WA ZEufollA] A= A
2boll 2oJst Bl & Eo] FFEtH(Arrigo et al. 1998). &3 &
ol o] &dalr] AlZrshHA] 2| o] AZoflA 2
EZ %A= (Phaeocystis antarctica)®] W3t sfw o]
A3 2EEPH FZF(Nitzschia curta)’} HA St Ze
AE 71 HA-E°] FFEtH(Smith and Nelson 1985;
Arrigo et al. 1998; Arrigo and van Dijken 2004).

O

o

1o ofj

3.A18 ¢ B4

FoAS £ o] 241 ecm®] FHFo| KI-13-
GC2E Z23)|9] oA g AMZFo| YA|g SR o] &
7 KI-13-C2(71°52.5'S, 177°48.1'W, =41 1,800 m)ollA]
2013 olgt23E o83 HSEHAHANAO3B)E?t A5
Sk THFig. 1). olge]o} EgjolAH st oA =
oJE AN, AFES 918 2 em IHH R HAE F
ABEE AHH AT

thAHE-(magnetic susceptibility; MS)& oj€z]o} A
T8 3]- 8 Y28 A E (CNR-ISMAR)*I 4] Bartington
AL MS-2C A 54715 ARE-ate] 2 em HAL0 =
A3 YA ojgote] Erjo ZH| ) ol A]
8 em ZHASE = om, srEaE ARES]

ko]

N
by

o
oo M,

St 5 2 HHES 2 mm AE ARSI
|5, Malvern Mastersizer Laser AnalyzerZS
mm ©]3} EHES] JEE FsUTE B
, AE9] HF+ Friedman and Sanders (1978)2]
ARE-SFATH

2 HH oA F 2409 AEE AFAT F A
AqM HEZE A4S B8t WA 12%°]
strag ol&ate] f71ES AAS o]F 63 um A
E M-S FAAE S T8 A HAES s
63 um ©]&}e] Yxjell FrtA|Ql 2% ZZ(Calgon, sodium
hexametaphosphate) &2 50 ml Yo+ ¥ S/HTE
500 mI7HA] 2|8 ¥, Stokes’ laws ©]-&3}e] 2 um oJ3}
o] JAE FEsIUTE FET YA dAEEVIE 55
A%l F Stokke and Carson (1973)2] &glol= Zet2 9
o $HAl == W (smear on slide)o. 2 HEAY A&
£ AFste] AAURRAZT Ax2E Sto| =9} 3
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Al 17A9] 935 ~¥ElolE 1049 HAE dEjolE 1
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A A F E ARE oA AAT FH, FAA
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HERO|E 1, dEto|E 4, ZUAN I 7Sl ES] § 2)
E ot 7 F=e A ¥A A= AE B
(Biscaye 1965). 7F&E|Uo] ES} 1A 9] Bl&-2 A7
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KI-13-GC29] EH &2 " 54 E(icerafted debris:
IRD)S 23+l FEA B 27]9] Y2 745
ATHFig. 2). 3o} oA Bhe o] B & Eo| et
o, ol & 3|A o] B A3} v ) EHEo] wEsh
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A=A e, 24 B3 E 7ke] Al 10 eme}
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Fig. 2. Photograph of gravity core KI-13-GC2 with downcore variation of magnetic susceptibility, granulometry, and
clay mineral compositions. Arrows represent the occurrence of IRD (ice-rafted debris). (MS: magnetic
susceptibility, S: sand, Z: silt, C: clay, S: smectite, I: illite, K: kaolinite, C: chlorite)

Atk AR F oz 71 7] HAH EoA W] Ho 2
Pzl WeEHAEe] sk giakgo] EA Yehdtt. 3
Aol W] A& gndt FEx= A
KI-13-GC2¢] HEZE T U}l E(59.1-76.2%)
7F 7P SAE, HU4(12.4-21.4%), 7HEEUolE
(4.1-11.6%), Z=HEFO] E(1.2-22.6%)] <412 YERsTH
(Fig. 2). YEPOIEE 15% oo 2 Wshs HolAvh 2
of AAH o= Wspr|-7hd 7)o mE Wshks FslskA] &
th U4 79 170-140 cm 2 70 cmolA HAE7EA]
Hatol vlaf JiA oz =& 3h(19.2%)°] YERAL o9

Table 1. Average content of clay mineral composition
between the interglacial and glacial periods in
comparison to all periods (unit: %)

Smectite Illite Kaolinite Chlorite
Interglacial 9.9 67.5 7.9 15.3
Glacial 4.1 68.7 7.0 19.3
All 7.4 68.1 7.5 17.0

ol AthA o= Yo 2H(14.6%)S HItK(Table 1). 224
Efo]EE 210-190 cmoll A FHA o2 =& TH9.9%)
o] YeRAL o] 140 cmollA F43HA 5718t 80 cm
7] e F(14.9%)S HolA N, tie] kA=
w2 T (3.6%)°] UERdTE TR E Ul Ex dete] Es}
TR 2 g2 HEGE] B8] 3o dAFoew dF
Sk 2H(7.5%)S FAISH)

KI-13-GC2¢9] W3}l7] HAEe HEZE Fd T
2 ELO] E(4.1%), D 2FO] E(68.7%), 7H2I L] E(7.0%),
2P YA (19.3%)0-2 Yelhs Wi, 787 H4=
o] Hit ghake 2~HELO|E(9.9%), YOI E(67.5%), 7+
O] E(7.9%), 23 HUA(15.3%)0.2 LEfstth m
24 77 HAEL Welr] B E| nlste] ZuEle]
E §Hgo] oF 6% S7Iskal U9 Fhgo] oF 4% A
st 548 Bt 23y o]yt Apole FEZES] vt
A A0 eapE el 7H7] W] AA|R Fhere] W

3t deh ks A 39 A sids)ol s,
5. E 9

Y] KI-13-GC29] 3= whsio9f #3182t
Fo] Hlae) ofsf Fote] ATt EdE AS ERIsK
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THKhim et al. 2017). €A4tdo] 2E3lo] HHES] {7]
S o]&3le] 4% KI-13-GC22| =o} 452 AMS
HC Al 7,109 yr BPOE Fo] AR Z8A A%
S BEFKKhim et al. 2017). Y¥HEoE 228 F3F
HAE frleArz 24" AMS “C A= 2,000004]
3,000 yr BP Alo| 2 S =M, A Eo] W tFAHS]
HAHEA = 5000004 10,000 yr BP7IA = ZHH T}
(Domack et al. 1999; Licht et al. 1996). ‘F=3fjoll 4] &%
B o]l A maboll gk A2 1,200004
1,30010]A]5E, o] AFollA SHE R84 f71eae]
AMS MC ddls AY9FHA B =S WA
(1,900-3,0001) wEo] ANHAS 544 2AUTH Andrews
et al. 1999). Khim et al. (2017)& AMS '“C )2} o
A Ee] A3}t BAAIRE o] g3t Ffrekhe} At
& ghgo] F31% S4e] WS SIskaL KI-13-GC29)
SAE W71 7= s

228 FHol Lubz o2 oPAFU A ER 93]
2HHE A HAHEY tIAES Bl w2 3k
wHe, $97] B 77 WLEAES E3siaL

SUAre] Fero] 50% o9l HABARE thakgo
[e]

2 013k gl Wa} #e](calvingye B2 WA Al S}
of 23 WLEHZAEo| F=2] T Bo| 21t

3l B &€ th(Grobe and Mackensen 1992). o] KI-13-
doiE o g2 HEfiatel thakgo] 1H7] B E
oNX F7FshH (Fig. 2), Y710l 2aslzl st el o
slo] B2 WREAEC] A AYoE IFE AL
2 M
S FE Aol 3 SHElolEx A4 B A7
2 FEEH, ARk o2 A oA wA sk sk Y
shaketel slel WA 28 (halmyrolysis)yS Faked A4
2HElo|EVE AAEE A2 LA JtH(Chamley
1989; Robert and Chanmley 1991). ¥+a, 244 g}
O|Ex 2% F&3 oA 3%k slabA Fslel ¢
3 AAET gz FJHHChamley 1989). H=
FolMe H= W 94 olF sletd Fknt w84
F37t SAIBHA dER] Wiz, FEEdabd oA st
4 F3k5 B3 2HEe|ES I A glon FE
shaberel Fsh 2 Aol o3 zoew dHA Unk
(Ehrmann et al. 1992; Ehrmann 1998). Y&}o|EE U=
Fehibalol] ¥ 3= ]S 5w (Beacon Supergroup)Oll
A 3P} R (mica group)S E3S oA e W
ST O] =2 AR A FE)F Tk os)

19

A F2 FFEHChamley 1989; Ehrmann et al. 2005,
2011; Fagel 2007). 7F&g] ol EQ] A5, 2t Fujjel
A FeE 715 o3k s1ekE Fslareo] oJste] AdE=
Aoz dHA 7] wiel FA| A= A A
A et FF e AEFHEE FHEHe 7HEEvol
Ex @5yt £3alr] oldel stekE Fshrt &dsl
G S AA 27)0l G =] dA] Watel] o3 =8F
3= T3l FFEHEhrmann et al. 1992; Dingle and
Lavelle 1998; Forsberg et al. 2008; Welke et al. 2016).
SUAS ARbF o2 U= tFe] FUAS st 9
= WA A7l AUAe] E8F Fstell 9
FFEHChamley 1989; Ehrmann et al. 2011).
F= tiFolA JEZES] 7YX 2ol tigt AF=
T NGO R Qlste] F3fo] Al E7lsshH A
st o7 Qi) g, W=e] T WAk 518k
Z3E Wellske 8R1e® =2 E8F Tt HEGE
o] 71 HstE dov|e= 8% 9T FHrk(Salvi et
al. 2006; Hillenbrand et al. 2009; Ehrmann et al. 2011).
Ehrmann et al. (2011)2 =512 of#Ala] thEFHF
o X3t EHES HEHFE A9 ol B3 At
oNA TRVl Ew FE HEAd €l HEAREA
(Byrd Subglacial Basin)2} vl E=2=(Marie Byrd
Land)ell {£3¥3h= 7R Ul ES 235 B2 to 27 E
oREAls o] N&H TG AHoR FFEIL, dEfo|Ex
HIE2] WA Z(Bentley Subglacial Trench)ollA] 28|32 &~
HElo| B 520 A2 UWE (Ellsworth Land)e] ob:
W5 (Abbot Ice Shelf)} F~12H W5 (Cosgrove Ice
Shelf)oll A §H<pell ofal] 2tz oReAlel o] 5% x| o=
TEEH, YA oRFAl Y] tEFHT A HAH S
2 H|szg o] sk, F= o2 7|NetelA] Wet
o o3 NEFHIEZ FHEE Ao BRI
228 FAEA A AFAE 3] KI-13-GC29] FE
2L defo|E, H14, FLeUolE, 2] 2 vl
EZ 7€rhFig 2). 7€ A7 Aol w=w 223
FEOE Fute SYE|ER B Eo}l Akl &g
A FAE W sPikro|A FEEE ASE B
H A tHKyle 1990; Ehrmann et al. 1992; Setti et al
1998, 2000). Yeto|ES} UM T2 =514 ol 9]
S 2] Z]RiQtolu} E Aol S B 2
28 Eee® FREHe o2 FAEH(Smellie
1998; Ehrmann et al. 2005). 7}yl EL] H4-, 223
oAl 7|l tigt A= B35 AA oA, 7]
ol ES 3l e 512 oo A EY Ee F
Ao FHEE AR Azt wepa] 22 S
TR YAIg FHEA Y] HEFEEE T E=5
2} ol o] EEFELh o] Znketolut HF S =i

of

d
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Fig. 3. Ternary diagram showing the difference of clay
mineral compositions between the glacial and
interglacial periods of cores KI-13-GC2 located
at the western continental margin and RS14-C2
located at the eastern continental margin,
respectively (I: illite, C: chlorite. K: kaolinite, S:
smectite)

Wz shikro]l AYEAES] 7|doz s E)
KI-13-GC29| HERE 24 FollX detol =9} 7Hee]
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