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7T AT NVIE—T VT KEENERICAIE L, SR A2 NS E TS & B, Short et al. (1991) 12 &
BHE, 7T AT NIOKI ERKBOBEORETIEDZENFI10°C LU ETHY . BEOENMR TR D
REWVHIRTH D, 77 AT IIVOEKBOEREL, WERAICHLT1L75TH5 (Prokopenko et al.,
2005) o, ZAUTEFOMIE LLNT/IEY, LER- T, 77 2 ZVIEHE X OV O£ KIS ORIE O
BEMLZT D, HIRRITREOKIAD BB KIINTHNT THIAKNML2S 170m  (Fedotov et al., 2004) & %\
100m (Prokopenko et al., 2005) L& L7z EHEESIILTWD, Lo T, 77 AT VIRHEREMIX, Ak
KA D HKDMN B LOBREHORELZH AR <L WD s,

INETIZ T 7 AT VIHHEREY = 7 3 0B F O TRAOK D S 3K IS 3T T OBk & 722 i KA FEAE
DHESLEN TV D, EREABICED S KUREENICKT T 2N O TR DB OHEE (Fedotov et al.,
2004) . 27 EEHEICES WK A DE T (Prokopenko et al., 2005) . HEREM T OHAKEFREICK
S EBELENCK T 2B T T > 7 b DISEDIFZE (Nara et al., 2005) 728 Th b, KBFERIE, &
HOKEAMD BB D7 T 2T NHFED 2 TR OSE TR EFERELZIE Uiz, AW LA LT
2 & LT, Fedotov et al. (2004)235 %, Z OWFFEITHEREY = 73 B 6 HNO; 2 AV ThitH vz
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NTED, —F, AR, HEY 2 7TREBOSETREEELIE Lic, T, sBREMES X
UKD E DREDCEENIEETREARETMD I ENTE D,
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B En7-42K 130.3cm @ X106 TH D, X106 27 i%, P ROBGEHF ?
U (50°53°017°N,100°2122°E; /K% 236m ) CTEHEEi7z (Fig. 1) , Z 4
DOFREU S IX, Je1TAFZE (Fedotov et al., 2004; Prokopenko et al., 2005) |Z
X2 &, BRKHIMNOEIEIINTC, FERLRNoT2EZX LT
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(Reimer et al., 2004) (2% - T, 23,489 'C year BP IZ-2\ T 30
(TR A M OFEREHERY O FERR%ET — 4% (Kitagawa and
Plicht, 2000) |2 X > T, BEMRICHRE L=, #HEETT LIZH 5 cal. age 1
WTIE, MERMEOE 2 AHOHBEEN—ETH 5 LK
ETHZLICEY, X106 27 OFEREZRE L (Fig.2) .
ZORER BRI 26,364 cal. yr (23,768 C yr) 3 K OUF[]
5YFRHEE 59 - 408 cal. yr (58 — 476 “Cyr) @ 21 4y DZEE
ME/DZ LR TE (Fig. 3)
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FEgE R BT, B L7, £7-. AL Ti, V, Cr, Mn, Ni, Cu, ffeg;;%gflﬁg dafai“s; core depth, based on
Zn, As, Rb, St, Cs, Ba, Pb D7E (L, PIEHETEHE Au £ LT (10C) in sediment of X106 core. Filled dots and
HESEE T T AEESWE (ICP-MS) ZHAWT, HlE X blanked ones indicate C dates and the
NnNrELOThHD, LHBREE (TOC) L4kEERE (TO) corresponding calibrated ones, respectively.
X, TESWEFCTEEINTZHDTH D, TOC DEEIZOWVTUIHEREY S O IREEE 2 RET 572012,
RTALER & LC, A E{To7-, BHIRER (TIC) X, TC & TOC DEMNGREL bNZbDTH
%o FTHEREWH O A A LT T 572012, BRK X BEHFE (XRD) #HAWT, K&Kk 3
y . B3 TR KOS 2 » ITOSMRIEZ1T-7- (Fig. 4) .
FRFTIZOWTIL, B biTe 21 iy OEBHIFROELIE 2 T 5 72 DICEk Do (Fig. 5 & Fig.
6a,b) &, € L CE_EMDEROEM 2B 2 52T 5728, Lamb-Scargle periodogram (Scargle,
1982) =MW CAMMITr 21T -7 (Fig.7) .
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X106 =7 H D 19 i & TIC B LU TOC DEB iR % Fig. 312, XRD /3¥ —> % Fig. 4 IR LT,
X106 = 7 OFWMRLIT, FEHHH (A-B) 1%, WEF TH S cholorite, amphibole, quartz ¥ X U albite 7>
O, EfOKE]- sEFTHEEBY (C-B) B XOERKKE (F-H) 13WEIMIZM X calcite 35 X UY dolomite 7>
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BT SB L OE TS ORFAMEIZ OV TIE Fig. 512 LT, ZREDERSBAIZONT
X Fig. 6a,b 7= L7z,

21 4y (19 ek, TIC BEVNTOC) 1, & FFHSDOEFAMEIZIESNT, 4 2D T N—TIZHHS
hiz (Fig.5) . ZNEHD 7 V—71%, Group-1: Na, Mg, Ca, ST L' TIC,
Group-2 : Ni, Cu, Zn 3 X O TOC, Group-3 : Al, K, Ti, V, Fe, Rb, Cs, Ba 3 X UtPb, % L T Group-4 : Cr,
Mn B X As (2570 Bz, Group-1 & Group-2 (35— F iy DRFAIIMNEDS, Group-3 135 —FERk sy
DEND, % LT Group4 [T =FMHDENIE o7,

B—EROB L OE FERSOERITE L D2EE %27~ L7 (Fig. 6ab) . H—FEoHaIl, &K
HCIXEDET, EHHETIIADMERL, KEREBZRIAR, Lol Hfokill- sei B85
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Fig. 3 Sequential profiles of 19 major and trace elements, total inorganic carbon (TIC), and total organic carbon (TOC)
in sediment of X106 core. Gray vertical lines indicate a Younger Dryas cold period, which is recognized by Nara et
al. (2005) using the same our core. The boundaries among the last glacial period, the last glacial/Holocene transition,

and the Holocene period, which are sectioned by dashed lines, are defined by Nara et al. (2005).
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Fig. 4 X-ray diffraction patterns of sediment samples in X106 core from the last glacial to Holocene section.
(A)~(H) correspond to those in Fig. 3. Chl. Chlorite; Il1, illite; Amp, amphibole, Qtz, quartz; Cal, calcite,

Cal-m, magnesian calcite; Dol, dolomite; and Py, pyrite.
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4. BE 1 , ,
AR T, F—EMHH L OB Tk TREA SRR Group 1 (G2 MoaNa
60% &R L7z, Zhb 2 DOERMICET DR DR @

L R B %R LT RSOV, BT 5. 05

H—FEmS (Group-1 & Group-2) ([ZRHESTT GV DRk
UDE{)E
Na, Mg; Ca, St 38 X O TIC 1&,  Fcf&ok D b 52 I AT
TWAMEF 2779 (Fig. 3) . Ca, Mg B X ONTIC (., fRERHE
S OEEK ST THDH, HIZ, NaF X OSrid calcite 3 &
' dolomite HIZHLY Ji\ié’b"@?‘b\m:ﬂaf&) HIlnmbn Group 2
TV % (e.g. Okumura and Kitano, 1986; Carpenter and Lohmann, ” 0oC .C
1992; Tucker and Wright, 1990) , L7223-> T, H#fEHHDZ T4 1
o OO &I, FIT calcite (CaCO;) , dolomite PC 2 17 75%)
(CaMg(CO5),) 3 LT Mg-calcite DR RIS D& A M Fig. b Relationship of factorloadings between
LTWBEEZBND, 2 bDREBEEISTMOERIFLE LT PC-liand PC-2. Four groups of 21 components
5, BIED DUAKID 2 SOUERSHTOND. S e
TIZTIHRERWD, MEMEDHRZ BT D Ti THAE L  contribution ratio of factors to respective
L7z Na, Mg, Ca, St 3 L NTIC DA 3, &R DZEH) Lgg  principal component (PC).
PLLTWBZ 0, Group-1 DEENL, FICHBAEMKRBESIYMOEEZNL TWDE EELZLND,
Group-2 ([ZZ A E T2 Ni, Cu, Zn B XN TOC 1, H—FRBITBNT, mWADOKF(IMEErRL,
Group-1 DSy E HHHETH o7z, ZH B DS OREFIZOWVWTIEL, TOCIZET5E8E3ThbhTn5
(Nara et al., 2005) . Nara et al. (2005)iZ. [F] X106 =27 FOMNOEYEFEMDIEZE CHH LI/ na 7
4V a %Eﬁ& TOC %?EIJE L, TORR, ZNO238H 0 2@ ) EOMBEZRLIEZ &b, 7T R
T VIHEREY P O TOC TN O A EE KL T\ D EBERLTW5, £72, Ni, Cu BX O Zn 1384
MIXETHY ., FHEM L OSEEERK LT VWIEE THS (e.g. Tribovillard et al., 2006) , L72735 T,
Group-2 DFRFIZDOWTIE, HNOAEMAFEEEZ KM LIZbDOTHD B2 bND,

. PCA (42.19%)
@
g
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-2. BFEKS (Group-3) (ZRHEATT S5 JuEDEETR
Al K, Ti, V, Fe, Rb, Cs, Ba 33 X O'Pb 1%, HEME M LA RO EEESTMICEETNI TR TH D,
I DOIEEDEWIL, EICEIERREIC LV EKIED OGS OEY TH 5 (e.g. Solotchina et al.,
2003) LBz BB,

4-3. B EWRSHBAEADD '%t‘omt%khﬁm%E’#J‘%’%@Hﬂﬁﬁﬁfio.hl

B _EROEROEET, £KEICE TSR - BRICE - TH 72 b SN 2B Y ORI &%

KL T3 (Fig. 6b) , T DOZEEL, 7,200 — 9,700, 14,700 — 18,800 33 X T} 24,500 — 26,200 cal. yr BP
(6,500 — 8,600, 12,500 — 15,600 33 L T} 20,500 — 23,500 “C yr BP) DHAR THXANIZEKVMEZ T~
(LH-1~LH-3 in Fig. 6B) . Z# 60X, 7 A7 VIHOEDNBE TH o 72 & HE S o KEH
(Prokopenko et al., 2001 and 2007) & BE< —E L T\ 5,

SEFTHATHNICI T 2 LH-1 ]liZ, 7 7 A7 VMR R OB & DO ' — 2 (Prokopenko et al., 2007) <2,
TEHEHEEL GCM ZUEET N1 HE 5N - IREE AR (Bush, 2005) (23T 5 & & Bh5, 72t
A 7 7 A7V BI 2ERBREOEINT, TVT TV A=V OHFRT T ~D ANV AKX DR
KER XOYRHEDOHEM (Bush et al.,, 2004) ([ZIGE LR THDHLEZ BN TS (Prokopenko et al,
2007) .

BB X ORI E T 2 LH2HB L OLH3 IS\ Tik, 7V —rF v RkKKRa T LJbRE
O T ICRREEINDE A ) v A XU b (HILBLOH2) LR ROEG(LY A 7 v (Fig. 6¢)

(Bond et al., 1992, 1993 and 1995) IZXfJ T2 £ B2 b b, A Y v e A2 ME, R FOER(L
YA I NVOEOEBEVDELRIIEZ Y, 20T 7 Fro 1 TETH D, ZHZiE, dbRIEEFE
<4 Df:kﬁﬁfﬁkmmﬁiﬂj‘zﬁ&ﬁ% LTW3EEZHNTWS (Bondetal., 1995) , S HITiE, A H
JUHERE I, N ) vy e A R MERZ, 7T RNV E G A I AHIOEAKE T, LR
D DmAEIC J: > TEIFNDBKRED N L 7= 508k235% > T\ % (Prokopenko et al., 2001)
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Fig. 6 Comparison of (a) PC-1 score and (b) PC-2 one in X106 core with (c) d'®0 in ice core of the Greenland Ice Sheet Project
2 (GISP2; Grootes and Stuiver 1997; Stuiver et al. 1995). Vertical dotted lines in (a) and (b) show boundaries between the last
glacial period, the last glacial/Holocene transition, and the Holocene period. Vertical dash-dotted line in (a) shows boundary
between closed lake system and open one. Dark gray line in (a) and (b) indicates Younger Dryas section recognized by Nara
et al. (2005). Light gray lines of LH-1 to LH-3 in (b) show sections of relatively low PC-2 input of detritus. H1 and H2 in (c)
denote the North Atlantic Heinrich events (Bond et al. 1992, 1995). Also, (c) shows Bond cooling cycle. Abbreviations of BA
and YD in (c) represent Bglling-Allergd warm period and Younger Dryas cold period, respectively.

ROk B 5=PT 81T 5 LH-1 ~ LH-3 #] & 7 7 2 7 ViR DI o A &M o —ix, 77 %
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T B A HHTEH D (Prokopenko et al., 2007; Hovsgdl Drilling Project Group, 2007) , ##A=R O & &M IT AR
HIRCTH L0, W O0OWRETIE, HEORAENEEFENLETER 7 — /KM - BOK#I R 7 —
DOXEEINAE ) RO BLICKRERFEELZITHZ L EZHALNZ LTS (Pantaléon-Cano et al.,
2003; Huang et al., 2004; Pederson et al., 2005; May et al., 2008) . fﬁ_\77x7wﬁﬂﬂﬁuutﬁém
W . 2 A H- A7 v 7B (Pederson et al., 2005) . A7 v /-7 4 LA M (Pantaléon-Cano et al., 2003)
FLTHAH-V 2 R (Huangetal.,,2004) TH, ZD X5 2BRIIMAEIN TRV, B HUR DR
W4¢&¢Ltﬁ%\i%@&ﬁamﬁmb\ﬂM%&%@;#ﬁMbt&ﬁibfwéo

UEDZ MG, LH-1 FICBIT 27 T AT VOB ot RAXRO LI TR -7 B2 H5,
FT, EKIBIZBOTRAKENSEM UIRER, BRSO ESEM LT, £o/RE., izt sh
DREENBEML, WICEEBROAERSHEM LU, T RIS, £KIRICBIT 5 TEOREENH
DU, M~ORBEMOUAG B U, RS- EH BRI D LH-2 & LH-1 ORI OV T, #iE
FORDL L b, KABREEDOHKIBIZLY, j:E§0)bzfisaﬁ>ﬁ§ﬂﬂl/f;ODﬁ)%)l/iLiib‘

BERNORSNERRNRIL, BN OER
AT T, #08,700 £ B2 5B & 7% L 7= (Figs 6b & 7) . w1

HRAEFTCHRE SR L e RERIEIC ISR N5 1
TERr—VOEEI. VY 7I7vavsyF A r1EL 12
TEbNTWD, FRCEKKIN Lz 2H <, :

Power

1
S LT L 7 U7 o A BR L7 8,700 4R 1°,
WEWYT7IZvavyyFHA70E LTI ROK DR ,
BEAHESNTWD, £, TUVTEVA—VORETIC \
HBHREEE LTI, TRFEEICEIT 5 8- 11 kyr DJEH] (Oppo VW
etal., 2003) & A > RPEIZRIT 5 7 -14 kyr D JE # (Pestiaux et al., W\
1988) »dH b, LT, LREFEOREEILOEETIZH S 12 M :\/sk/y\?/\sﬁ/w
BHIE LTI, ERBEECBITIANNL ) oA RN T - Frequency (cycles 10 kyr?)
10 kyr D51 (Bond et al., 1992, 1993 and 1995) 7'V —>F Fig. 7 Fourier power spectrum of a PC-2 score
v RiZBF 5 7.76 kyr OJFH (Greenland Ice Core Project
(GRIP) (Yiou et al., 1995)) REBH D, N bD—H L
BX, 7TVT R A= EALRAEED L ORAERIC X 58

profile over the last glacial/Holocene period

shown in Fig. 6b. Dash-dotted line (a=0.001)

BEERANRT 7 27 VHEDOSECR L TRWESE 5.2 C represents the 99 % confidence level of the
WABIZLAEREBLTWAEDONE LU, obtained spectrum.
5. #RE

AWFZEIE. RIS B4 (21 42 COE 71 75 A No.G-4 KBS - #iEk - M EMEIEHAR
DOEEZE]) ICLEDEEMCLIY, TThNZbDTH D, IR X OOV TiX, 4B RFEYRED
EHHE—EAICTREAW., UEolxiz, LDIVEH#HELET,
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Abstract

Geochemical proxy-records in a continuous 27 kyr (thousand years) core sediment from
Lake Hovsgol in northwest Mongolia provides a detailed history of the response of the
lake itself and the surrounding watershed to climate change during the last glacial to
Holocene period. Principle component analysis (PCA) of 19 major and trace elements,
total inorganic carbon (TIC), and total organic carbon (TOC) in the bulk-sediment
samples revealed that the 21 chemical components are grouped by four assemblages:
Group-1 components — Na, Mg, Ca, Sr, and TIC, hosted in carbonate minerals (calcite,
dolomite, and magnecian calcite); Group-2 — Ni, Cu, and Zn, recognized as biophilic
trace metals, and TOC; Group-3 — Al, K, Ti, V, Fe, Rb, Cs, Ba, and Pb, composed of
rock-forming minerals; Group-4 — Cr, Mn, and As, sensitive to redox condition of
sediment.

The four element assemblages were originated from relevant 3 factors in subsidence.
The group-1 and group-2 components of authigenic products in the lake are end member
on the PC-1 score. The group-3 components of detrital materials from watershed
contribute to the PC-2 score. The group-4 components of redox sensitive elements

contribute to the PC-3 score, which are not the end member due to a small amount. The
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first two PC scores possibly suggest a sequential record of paleomoisture evolutions of
central Asia. Especially, a variability of PC-2 score indicates erosion/weathering
intensity of watershed which might be controlled by the ratio of vegetation cover
associated with moisture change.

A periodic variation on ~8.7 kyr cycle was observed in the PC-2 score profile of detritus
inputs of Lake Hovsgol over the last glacial and Holocene period. The decrease of
detritus input of the lake coincided with the timing of dramatic supply of moisture from
Asian monsoon regime and North Atlantic region to Baikal watershed to which Lake
Hovsgol belongs. Our geochemical records demonstrate that climate system of
continental interior Asia was strongly influenced by climate change on a Milankovitch

scale as well as a sub-Milankovitch one.
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