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obAlo} thgol SIXI3 B2 F4F 349 WA TAwsket 1 412 s SJaA B AR A
27, B T, A/EL F9IU4 B4 52 ANSHc 1 oF 30,0009 9 AW EEHZe A
B2 Aot A 9 F9I9L HEY EAL Tefshel ERAZ(0-6 cm), W 715(6-12 em), T2l 2
Wk 15(12-118 em) 0.2 T3k B2A| 717E B B4 FRol Barg Frlo] Aol Be RO
2 Holn, o] e §4-2 40) B7o] $E8HH 0.2 A2 Ale(open-basin lake) A& X A|Thek. Thard
o] oF 33-40%e] 0|2t HF7| 0] A/ThA FUL G 22 9.8-8.200 T 0.2-2.5 Ao
BokE Holn, o] ZHES AR Ak Wl T ) Ratue AaFL Byt F7] Befol AN Bk
Uehhe T 59194 259 B ABVAR-0.529)% SAgo] FAHE PAY 547 SEFHOR o
A8 e (closed-basin lake) A& mIRITh. - F9 €40 £ W Fme] 457] Wstel 1 9lo] FHE 4
B Y U] MBS T B AT SASIE ol F S WMkt fUsgt S
o M2 ERE 4 Gl T S8 W X 59] Wslel Baislo] 98- AARIh whebd oyl 7 Ak
7] Eetol 2B Fbo] WE IAA ol ] H U~ W MES] S8 o] gIgon], o] S2 ¥
o] T9|E )X 9] 7] 5015} 8 obAlo} B sl Fustet AN Eo] b R4 AARIThE & 4 glek.
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Hyeon Goo Choe, Gong Soo Chung, Jaesoo Lim, Ju-Yong Kim, Wook-Hyun Nahm, Dong-Yoon Yang,
Kwang-Sik Lee and Jin-Young Lee, 2014, Environmental/climatic implications of Hovsgul Lake carbo-
nate sediments, Mongolia, during the late Pleistocene and Holocene. Journal of the Geological
Society of Korea. v. 50, no. 4, p. 441-455

ABSTRACT: To trace past environmental change and climatic variability in Lake Hovsgul Lake, northwestern
Mongolia, we performed c" age dating, analyses of carbonate content and oxygen/carbon isotope, and grain size
analysis using the lake sediments. Based on the results of the geochemical analyses, the lake sediment core covering
past 30,000 years was divided into three units: Holocene (0~6 cm), deglacial (6~12 cm), and last glacial (12~118
cm). During the Holocene, there had been no carbonate precipitation in the cnetral part of Lake Hovsgul, suggesting
a open lake system during the Holocene. The lake sediments deposited during the last glacial period showed about
33~40% of carbonate content and their oxygen and carbon isotopes composition varied between -9.8~-8.2% and
0.2~2.5%, respectively. The moderate correlation between the two isotope values (R2=0.529) suggests that the
lake environment during the glacial period was under a hydrologically closed system. Short-term variability
superimposed on long-term change on millennial timescales in the oxygen isotope values was very similar to that
observed in the carbon isotope values. These changes in the isotopic values of oxygen and carbon in the lake had
been controlled by the freshwater input and evaporation, in other words, hydrological change related to the lake
level. This study suggests that the hydrological variability on millennial to centennial scales in the interior of Asian
continent during the late Pleistocene was related to the climate change in high-latitude regions and Asian
summer/winter monsoon changes.

Key words: lake carbonate sediments, oxygen/carbon isotopes, Lake Hovsgol, paleoclimate/paleoenvironment
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(Hyeon Goo Choe and Gong Soo Chung, Department of Geology and Earth Environmental Sciences, Chungnam
National University, Daejeon 305-764, Republic of Korea, Jaesoo Lim, Ju-Yong Kim, Wook-Hyun Nahm, Dong-Yoon
Yang, Jin-Young Lee, Geological Research Division, Korea Institute of Geoscience and Mineral Resources,
Daejeon 305-350, Republic of Korea;, Kwang-Sik Lee, Division of Earth and Environmental Science, Korea
Basic Science Institute, Daejeon 305-806, Republic of Korea)

1. ME

1.1 o7 SFo|FsHy J|ENEMY E2 &7
o oj&2] SHofA A 715 ST v]H
9] 71% HEHL olslistr] Helixe= LAY 1t
WollA =3 A T2 ¥ish= 7] Hske} =
oA 4] Aol 0|2+ @7 7|F ¥Ee A
I AQE wotsh= Ao] wi¢- Fasirh E3F o]
71% ¥ES Aot 1=E T3 91 EATE
2 wHo] ok wEbA] oA 715 g o B A
= FAGLRRE A=A Yo o2& thefdt A
ol 7150] EAS Uehll= o2 874/ 71 XA IR}
(environmental/ climatic proxy or indicator) -
£ 53t APHIL YUt I8 S0 SA 92 W3t
FojE &3 T YA 9 v A (Stuiver et
al., 1995; Grootes and Stuiver, 1997; Ahn and Brook,
2008), 255 AE &ofl 23 A, SR, 2, N8
=, B A+ (Brincat et al., 2000; Fedotov ef al.,
2004; Chun and Cheong, 2005; Nara et al., 2005; Kim
and Cheong, 2007; Ryu et al., 2008; Prokopenko
and Bonvento, 2009; Kashiwaya ef al., 2010; Shin
and Cheong, 2010; Li et al., 2012), 59| =11
A §&E A7(Xiao et al., 1995; An et al., 2005), 5
ZAAE2| A 5}8t AL(Wang et al., 2001; Jo et al.,
2011), s} HHE 42] 215 2|53t AT (Linsley,
1996; Dannenmann et al., 2003; Khim et al., 2008;
Yu et al., 2009) Fo] itk o] 7heH] TFEHES
T4 FH A H9 A 7|t FERES TR Al
R 2 Alse 4= 7o A AtE o] it
715 ste B T4 S 9] HEg-2 T
s FH 2 Yehdth sk 209 5
 S7F B AAE op7IsHHA B4 199 A
I AEjA lsHETto] opd TE9| 315k 4
TR A vhEth 53] o] At A9 &
= BARY Fow e 34 93N HAeRg
HAE] B7 1178 =2 AFs] 22 S]]
o] A9 9] £EZHsle] wje- Wity Fod T

oA A7t FZ §EL 54 A|H(lake volume)2)
01% JE2 o} 4B REAZHE A 2
o, 3t ol % 78%7} Zuel olax] SAEE Ao
2 B3 EtHProkopenko and Bonvento, 2009).
oA FE T YU B2 T AA
ZF ol WA T FA 9] 715 st viZdshA
S8HA Hoh

olgFt Fd T4 4 EEH B4 wiZe] A
7] B ATAES &5 5 HEE &
EAst= A8 B3/ 715 AXNAE 8510 oA
o} W59 LA oA 9] st EAS 517
A3t AFE FHBYTE o]HT A= FHAIFE

£ o] &3t 2TH17]9 A 7t TR A
j&o 2 g2 A7) 9] 374 A7-(Chun and Cheong,
2005; Kim and Cheong, 2007; Ryu et al., 2008; Shin
and Cheong, 2010)2} =4 A|FZ2AES FA O
2 3 47)-7h7] Aol el Bat AR o2 71 87
IS 2= 97 (Nara et al., 2005; Prokopenko
et al., 2005, 2007, 2009; Hovsgol Drilling Watanabe
et al., 2007; Kashiwaya et al., 2010)2 W Rt} o]
23 ATSE GhRE 42 HAB) 244 54
o= W7 ule] Bk, S ue] @3 o
Eg Bkl 193 771 sl H2E
wo| Zeet AESO| WS wolFgow], 2
%7]-7197] 22 S B el AE el 77
off Z70] oA AR, B A7 Fmo] 4
B WA tet AL $25] ololxA] @

ek

1.2 BHAXAIRIZEMS] S5 EHMY SA|A
A 34 2 §islel I 2|99 7| $Ris
sfst7] fsiA TEH R 9AX A 4bE
(authigenic carbonate) 9] Ab4/EhA FH UL FHE
o] E-g-ElojgttHTalbot, 1990; Li and Ku, 1997; Leng
and Marshall, 2004; Prokopenko and Bonvento,
2009). Ao 2 3|47 FolaE g
= Fuo] oJslA 540 9] EE fepe] 24

e re
<

&



ol
N

B, YuH 0 2 2 AT AAL FH(6"0) S 7HR
A &S ZARNTh R = A Saoll A Y] Ak
A Sk R T 7] B9 4EY B
ol AW = AdH o EARMARE AT
st Ao 2 oJAXHLeng and Marshall, 2004).
AAY BHAE BTl da g IR G 40 F
F71-8Ee20] FHYa g o, 357718
TR FHYE G YT HaTEa A
£, ti7]2ke] ojAbstetA Wk 81 54 9k o=
AAE o3 FE FY o7 2S5l YsiA

Lake Baikal |-

e Hovsgol
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2A9HLi and Ku, 1997; Leng and Marshall,
2004). wHEkA 2HA BHAEY Ak wAE S A B
Z)Eusiel Bele Qo) Byl B mak
A5 2Hsl7)0] §83 AR A8E 4 9k

£5] 53 09 F7142 PN E o whar
/B Bol9ae] ABAL TA 55
E4E AN o] F BYUL] A
= S AWM E A (corvarience) ] AE= 1A &
SR A7) e o] FAEE DAY 471

oft

HDP08-coreld

L

Fig. 1. Sampling sites in Lake Hovsgol, Mongolia (from g

(this study) and circles show the sampling sites of carbonate-bearing riverine sediments (Prokopenko and Bonvento,

2009).
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Table 1. Results of AMS "*C dating and calibrated dates for core HDP08-1d from the Lake Hovsgol.

e age, lo

Calibrated age’, 20

Depth (cm) (yr BP) (cal. yr BP) Lab. code
1 4,610+20 5,430+20" NZA 34670
4 10,920430 12,780+130° NZA 34678
16 20,490+85 24,520+380 NZA 34671
60 31,820+330 36,080+810 NZA 34679
106 24,560+140 29,310+£490" NZA 34680

*Calibrated with Radiocarbon Calibration Program (CALIB REV 5.0.2.) (Stuiver and Reimer, 1993; Reimer ez al.,

2009).

represents the points used for establishing the preliminary age control (please see Fig. 2).

AE U= ©AE AlgEth(Talbot, 1990). &
N S5oA FAE BAtEoA = F sHda
9 3| Y2 ATAE & 5= Jor, HHd &
oNie T4 AHo| F7HHL) T o F FHEE
9] ko] Zo| A (F7hske =2 ATHAIE &4l
o = tk(Talbot, 1990). 3] H|2)/4d Z4=0f|A, ]
3t F 5HULY] AABA = EHE, 37
ZH(vapor exchange), &4 A, 9] Fo|Ak3}
g F= 5ol YA G = A= AIQtE
SAEHLi and Ku, 1997). o] S5 $4-2] 214} whabed
Ra/es BUL UBLS AR BE AR
O AHBAE WA 29 A 5T o)
& SEEAE oPIT I USRS olshe 4
U= L JEE AT

342 540) 3 Azzol A75] o
719/ 4/ %3] ¥isjo] uje} ks H 0 2 A
ool grabedo] AL ol2iat Take
W50 2 8¥ Kashiwaya et al. (2010)2 S22
H EFE 359 9 HEE A9 eH, vk
Abd /B4 F9UA FFE0] HstE R E Prokopenko
and Bonvento (2009)2 ¢F 1 Ma 5¢t¢] ®]7]-7t4]
7] AZE 28] EHIE BYstgleh 53] g4
ol Wol JAHE= W7 dl= 2 HHES 2o
7] W&o, o] 7|17k Fete] aials watd A+
£ oot E A oA 9] =4 | AlZE 2=
&0l o @ AAYY HFTIA 71 H o E
Halel IS0 Ade Holetet & S &
Ao 7|didt). o] AN = FFE 49
THFE BAME e R4S FEliA A
29 SIS EYste] 1 W3l EA4T 2
S AHEE RS BA o= 51

-

al
=

M

1o

Hibd

2. XA

HI

sy

21 &2 379 N ¥ 7%

F42 5419 ) T2 BAZ] S13kn
glos], A FzA o BE HoldEE B 32
dol AT B2 A Fj0] 3000 m7} Y e
AR FHR . EF 25 ARy A
22 B2 G5EHe 3P, fE, HAH
o, & SR ol AIEH gAES Ee
of7] RHLIRH(AIBIRL, B0}l E)T} Hoj=7} 3
w7 gleh. $EL Sefo| oA BRefo] Yo
9= BEaka gtk E4o] 24T B2 AL Al
7] 543 343 BAF 2= dof Yrk(Prokopenko
and Bonvento, 2009). T4 3jdt 1,645 mof| $JX]
she, @A 3420] 3L 7ol 262 mo|n| FHt 7
o= 139 mo|th. T429] FAHRES] -2 20~40 km
o ol2m FeHA 9 E|9 dol= oF 414 kmo]tt.
SHWHL 5130 k2 A B4 W] oF 1.7 3]
FEH 52 59 Y3 #iEHoutlet)= &
g deboll Y7t o] A7 (Egerin River)o]H, o]
2L ST 455 m 0] vl 552 5
A} 290] 2o AAZ o8] AFH o e B
o et Fea Sae HA= 145 E 4-5¢97
A AHEo] itk F4F Tee YA RIS
Zolu, gio] =2 Ao] EAUH &2 CaCOs0
dish #e] Espbejolnl, Hatgal BayS} 72 54
o AXg fAlo] Y2 SR HojlA= A=
T HHZo] WAH T gl Ao BuE s
(Ryu et al., 2008; Prokopenko and Bonvento, 2009).
ofil QAR 0] Fol afkahs 4] of
235 m A F(50°56'52.1” N, 100°25'27.8" E; 13 1)



ol
N

EC0|2EM 2= &=

oflA] FAIFol &J3f F]4=H F Zo] 118 cm 9] A|
ZF30J(HDP-08 coreld)E AME-314 Tt

22 ATy

AFFelo] EFAdE S4EFES 24718
(0 = 5 g PIRLAGSAL AN
o AJH(New Zealand 2] GNS laboratory). F7]
gt Ak W B FRldaes 35 HRES
FAX & 43} | A 55 E85to] T4itdol e
HZZ AT HFolA 2 cm THE S 2 65719] AR
7 SAE A oF fiste] CO, 23] AA 2 A
2 o} g3t0] AR T 20 mgS 103% 2] ARHHLPOY)
5 mle} ¥hEA|A CO7FAE ZstR o, 3 H
COTbAE B27| 2T AA T Y5912
2AFEA7](VG OPTIMA)E o]-8-5ho] Aka E g
AEUL H1E BASIUT BEARE NBS-S
3} NBS-198 AR5 eH 4 @ 2= 0.2% oW
ojt}. &AL k-2 Kashiwaya et al. (2010)¢f 2
3] AR8-H HCl-soluble component AAHOZ L
stk FAE 93 e ARE F48Yol 52
A|AA =0} Qo R|= o FAE SHFe =N &
AHH o) TS FF5HATE Y= A2 AA 11k
o] 24 2 cm HH L2 A& oF 300 mgE FH| 5}

Age (cal kyr) silt (%)

0 5 10152025 30 60 70 80 90 100 32
L 1 '

1 A L

ol

HClI-soluble minerals (carbonate, %)

Ehitel Exige| 827158 ofo| 445

24zt A} (Hy00) 9 1 M GAKHC) 2 ¥HS-A]A
7180 A S AAT 3, AHEY7E o &
sho] SR 23815 Wslel AFslsich ojelet
A E AR A ZE dPo 2 = A7) (Mastersizer
2000, Malvern Instruments, Ltd., Worcestershire,
UKIE $8310] A2e] JERE @ THHR
&, AE, ma)e i 5 245,

3.4 1

31 EISEM, UE ¥ NEEAD

1% 20]) AIXJE vk} o] HpAMRLA SThEA 2
e YA 0] (HDP0S-1d)9] S48 5 Fo] 3}
A eF3ut @ AR B AASALS delE
CHE 1, 2% 2). YA Artel 2 B4 52
o] Zlol7t Fobde] wret mef FaFS oF 20%o)A
3% 2 ol 3, AE Fego] o 70%eH 90%7HA]
=7 Z7kske Aol & 4 gtk o] Aol
HABS Atz gane JEEY Aol A
A 3712 ©o)(Unit) 2 U AT, 204 A= 6
7S EHHE AR (Unit 1) Z2A
Agem 3w AE YAz TAEel ek 1
ol#| 2 6~12 cm 71X = i) 7]Z(Unit 2) 0.2 30|

5°¢ (per mil)

carbonate

36 38 40 42 0.5 1.0 1.5 2.0 25 3.0

! 1 1 ! 1 1 1 L 1

Depth (cm)

T

4 6 8 10

clay (%) sand (%)

0 10 20 30

-]

Subunit3-1

Subunit3-2

Subunit3-3

-88 -84 -8.0

-10.0 96 -9.2
50

carbonate (per m")

Fig. 2. Simplified lithology, radiocarbon dating results, grain size, carbonate content (HCl-soluble component, %),
and stable isotope records of carbonate (5'°0 and 5'"°C) for core HDP08-1d. Legend: Unit 1, diatomaceous and
carbonate-free silt; Unit2, laminated sandy silt; Unit3, calcareous sandy silt.
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3t B4 (fine lamination)7} W& =] 9lom &
A%t 2 g S/ FEHZY 4 12118
cm FEE W57 S(Unit 3)of = &2
Aol vlel =2 2 gs Hol= 43d HE
PAEE FAE Utk FHHES 25175l
A 7V =2 3 Hol, EEAIZIAE I3 #
& ghe verisic.
3.2 ERMRY ShaF Ol AMEES SQIRIA B ZHo)
Z2A % 3 7]o] sid == Unit 12} Unit 20
A= gt gheo] SdkstA L glofA] S750] HA|
QAR RS |5(Unit 3) Sl 33~42%
9] &2 g Btk 53] 37|50 et &
FFE G 7NE 7|ELE FUMeE AAE Hol=
Al & (Subunits 3-1~3-3)0.2 U= F o &
#7194 AES BT oleid BAAS tioz
S EHYa B4 ATE HH, v 9 Ak S
2 AN SR vt Ao 2 WSkl Qe
< Y Utk B FYA 2 Bk o 2%
7|02 A FE o2 UE 4= 9%t} Subunit 3-3
ol A= Hat ol gk Hol A= ¢oF 250
o]t}. Subunit 3-20 A& 1.5~2.0% 9] W= B
o|3}9] Zh& Ho|H, Subunit 3-19 4= THA] B+t
oY ZhS Holth AkA FHU4A G2 HA 5

Ak guch o 2 Fo| WakE Rol A, Ao
2 B -89% S BAOR N2 vlsat oparel W
o} mgich 5] T 9 Akh Bollke] Yuiw
AE B, 1Y 33} 2ol A sY71e W2
T pRo Ry, Wb fe] YBASE oF
0.5299] k& Eolt}.

41 5= 59 M Hz9 9|

2 At FYAFRo = A AN FE S =2
A S Hole 2HA Y SAFE S (Unit
3), Bugt FFe7t Hol= R TRFe Tt
Z(Unit 2), T3 g4 0] Ql= A Al A E
2(Unit 1) 0.2 Lol LK1 2). olefst 9443
Q1 5A sk 7] F42 A3F0] AN B
2 A WH3kel & BeE T (Chun and Cheong,
2005; Nara et al., 2005; Kim and Cheong, 2007;
Ryu et al., 2008; Shin and Cheong, 2010). Prokopenko
and Bonvento (2009)2 #}A <oF winhy F9 B
£ 81 m A}30|(HDPO4)2] 44 S5 024 1)
7) whe] Bas, 7] wel delzt o vt
3 28 771 dfFste 2 HESY
AT S AbSHETE 2L o] 2|3t FA A Aol Eo]

)

-8.2
8.4 -
open lake (?7)
-8.6 ’
-8.8 A

-9.0

-9.2

18 5
3 Ocar‘oonata (per mll)

9.4

-9.6

9.8 4

-10.0 T T

closed lake
(12~118 cm)

0.0 0.5 1.0

carbonate (

1.5 20 25 3.0

per mil)

Fig. 3. 8'°0-5"C correlation plot for deglacial and glacial periods in Hovsgol Lake sediments (core HDP08-1d).
The high correlation coefficient during the last glacial period is shown.
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81 m9| A|F=Fo] &of Hoj= 103] EH7|5o=2
ol 928 Bkt

J=v AdigA AAR7E BES ol AllA
Hop A B2 #HEkE Hole 359 Aest
A71E 4317 HeliAl= o2 7P E0] asit
HA 24EHE o TFE F71E5S ddSAol
ARELEH= A 2ol= old carbon effectS 18] sfjofyt
sttt §5= S04 YEhU= old carbon effect
£ 2599 el 9 2 1B EFHE FY
S-9]7} Bo| gltl(Watanabe ef al., 2009). ]2t
old carbon®] G2 o2 A oA P T4 &
2 5B A=y A vne FHH 299
5 gt o8 So] F42 540 BE HAZE
9] A oF 600-2500 “C yr BP2] ¥ 915 LrER
= Aoz BuEtHProkopenko et al., 2007). E
gt FUg ZoloflA AHE AEH A FHE
Ade] vl E EdhA 2F 400-4000 2] old carbon
effect7} 9J2-0] AA|E A tHWatanabe et al., 2007;
Watanabe et al., 2009).

w5t 74 ojg] aAT sk e &
AARQ EAE 4589 A= R ok A& =
o] Prokopenko and Bonvento (2009)= S42 &
$=0] FYHAA 35H FYHAIFAO| 9 ATe} F
AHILE 7Rt 2 iAo g g3 E Yeds
gt A= 4AEAZRS FEHE)7 Bve
AR SiH7] 2 2kl e, B3 4527 v
I A O] e A HAEEHEY] BRI
Z2A|9 AZte s HTh o]2gt SA1Z WH3k=
34 99k HHo] JlojA vt Sl et
Ze THol Q= Ao 2 B E ok (Kashiwaya et
al., 2010). =3+ FF T4 24| o] o =4
= Hole 3419 ddiSA do=HE 9F 15,400
' ol 542] 2917} el vl ] 100 m R}
k3-8 Aotk th(Prokopenko et al., 2005). ©]
23t W7]-7H7] Aol o] SA Mol I w2
T Wk SE 24 S A% SIS 6
Al Fast Azt E Aol

o]2]gt old carbon effect®} T4 EX] 9] ZAZ
EAL 7]8ko 2 HDP0S-1d A5z o] tizFael
EH A E A H gAtgo] §l= 0~6 cm 3+
2 E2A9 sidE = Ao R Bt s = ofnt
T 3nlgt 4SS HolHA W2 v S 7HAH

Z20|2EM SE ET= =

Ehitel Exige| 827158 ofo| a7

Ab/ ek B9I9A ghEo] FAT WskE Holk
6-12 cm 744 Zolck. T3 HEWSIFE &
© Sk Tk T/ Ak B9lUAghEe] 4
dolA 53 | 7m0} MES Hol 12 cm of3tz

Susle Ao Kotk HARE A3l S
o 7P e 2he Holnl, BRAZOIAE T8
© 3k UrhiiTh ol 54 S e 1hyY) B
o B4 4917k e 7] whol o B HABo| 5
S FYRIA olBHAG AAALSE nlic.
AEAOR o]l AT A A0l ASAZ
o} et By AES HATRE 2AZ O
Vg Hol tehd HEsh-s7)-7 7o)
AGSHE S414 7158 BelFE Aoz BekE

H{E ©0

—_— Al

12 E42 B20] Ewict ENE0| B4 U

421 3 @ 0 Ws) o]

2 Aol BAT §42 54 HHBe) 2 54
% ofh o} 7ol o] SHHOR el vkl
¥ oFolakal & 4= lcHProkopenko and Bonvento,
2009; Kashiwaya et al., 2010). 7H7]¢f| 3jgot= &
2A| g ZZollx= gArg ol AL fAIRt, s 7)ot
FTHaly] EHE = =2 T (e 34-45
wt.%)o] THEHE ) o] FA| F& X 9] BAM E|F
E2 F 7 719 & 35 3919 A3 ollA £
Eo] it vigol oAl RbE A 7)d
34 Yol A" A 719S A4S = ok &
I FTYR TFERE S A 71EE ESH
7] 3l Al Prokopenko and Bonvento (2009)= &
T2 FYE = A S X3k ok El A E Y &
e BAS AAJSH] 25EHEY gt 59
s G} vkt = A oA o] FH U S
2 8] Aolgk gk Bo]B =2 Prokopenko and
Bonvento (2009) 24-E|2E9] gHitE 9] 7] U&=
sg4o] ofd AIRloR sluelsct 13 4
HDP08-1d A|=29] 5994 242 7e} Prokopenko
and Bonvento (2009)9|4 43t 314 B X EY 5
9914 BHATE A2 ] Flolk. SR 2o
329 A ek o] T4 =2 HDP08-1d
Al &29] T4 FhEol vlsiA A3s] W #9
e Bylom, A F9dd g2 B -10.53%,
Bhh U e Hit -0.06%0 2 T B 1



448 537 - BI5 UNS - AT - USH - USRI - 0|7
4014 & 5= QIF0], HDPOS-1d SHE&E o o] st 4oja Zurepe] S717 ghelst W7o
ZIE B Aha B9 W 8% T B o BRI Rolck wehA] Wylos 54 9 Pa
FAUL B 20 HU/1Y FALL FEg o Wb WHo| Bpe AR Sefslol &
o v wE ) AP 2ol Halth EFHHAF wobA Lolum, With2 7h7] ol Alek Wate]

52 B0l S Ae) BRI A B
At E2tolE, 1~5 cm F719] gHibd wdE Y
A/ EhA E YA Zhe) "7t 2F2 -6.19~-6.49%
}+4.8~6.91%, ] tH= 21182 Z13hH (Prokopenko
and Bonvento, 2009), HDP08-1d A|5=3 0] £9] &
ArEE AR 71ES WA = AR dEE
A7 LS & 5 ok

w2hA o]t AAPA Aol oJsfA
d o] Wl AAY gabd FAel
T2 5049 2 wske Auteiar
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Table 2. Grain size, carbonate content (HCl-soluble component, %), and stable isotope records of carbonate (8180
and 8"C) for core HDP08-1d.

Depth 8" Ocarbonate 8" Cearbonate Median grain size HCl-soluble
(cm) (%0) (%o0) (um) component (%)

1 15.81

3 14.71

5 13.96

7 13.34 30.96
9 -8.74 0.24 14.02 35.86
11 -9.84 1.49 16.88 3542
13 -9.10 1.63 14.31 38.80
15 -8.35 2.42 12.38 38.98
17 -8.69 2.29 14.22 41.19
19 -8.89 2.36 12.49 40.69
21 -8.86 2.02 13.95 36.36
23 -8.67 2.10 15.89 41.30
25 -8.75 2.13 13.82 41.55
27 -9.08 1.67 1343 37.58
29 -8.80 1.78 12.11 37.83
31 -8.95 1.87 15.45 36.34
33 -9.18 1.66 13.62 36.21
35 -9.26 1.93 13.14 37.52
37 -9.14 1.64 12.28 38.15
39 -9.08 1.70 11.36 38.77
41 -9.03 1.99 12.56 37.31
43 -8.87 1.82 12.25 34.52
45 -9.44 1.76 11.60 36.74
47 -9.29 1.82 14.66 35.33
49 -9.19 1.77 12.88 35.81
51 -9.42 1.67 13.42 34.05
53 -9.19 1.66 13.64 34.66
55 -9.25 1.68 14.83 33.49
57 -8.85 1.85 12.26 35.02
59 -9.09 1.90 11.89 35.67
61 -9.19 1.91 13.03 36.49
63 -8.62 1.92 12.35 34.73
65 -8.97 1.77 14.30 34.07
67 -8.99 1.94 12.98 34.30
69 -8.88 1.99 13.36 36.47
71 -8.98 1.92 13.15 33.18
73 -9.14 1.88 13.98 33.81
75 -9.21 1.89 12.44 35.12
77 -9.34 1.98 10.97 36.78

79 -8.86 2.05 13.10 37.03
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Table 2. continued.

Depth 8" Ocarbonate 8" Cearbonate Median grain size HCl-soluble
(cm) (%o0) (%o0) (um) component (%)
81 -8.78 2.15 11.70 36.94
83 2.26 2.26 11.59 36.54
85 2.10 2.10 11.41 36.19
87 2.19 2.19 14.89 36.50
89 2.34 2.34 14.13 39.06
91 2.18 2.18 13.48 36.46
93 222 222 13.41 37.16
95 2.29 2.29 13.39 38.93
97 2.11 2.11 12.82 37.00
99 2.27 2.27 17.42 37.17
101 2.31 2.31 15.27 38.18
103 2.32 2.32 14.23 36.70
105 2.48 248 12.18 37.78
107 2.27 2.27 15.93 38.28
109 2.20 2.20 18.46 37.54
111 222 222 16.03 37.06
113 2.16 2.16 14.90 37.17
115 2.03 2.03 18.46 36.08
117 1.86 1.86 18.36 38.31
£ o A/ oha FHYAY oA A B4 SN 93 A Bk oRdT e & 5 QL
o SOt B4, 5 PAle] 347 AR BAA ok olg] 350 Boielas] uENHY By AT

2] 279122 Uehl s A2 #1235 tHTalbot,
1990). o] AAFol|4 Kol F7|ZalolARA 5
QFe] =& ABAG(R?=0.529)% o] FA| 3429 4=
ezt HaA B5G-LS AALsHE, vl= aH
7] golls AR 4271 AFE o] ABAAL =8 HL
AR T MY T2 0] Ho7h Yojuhw S-S F
E9 0] ATt o] Wstol| A §33 4 Th(
g 3). o] 3t AT AL AA F5F 54F
HE o] F2 Ao Ato] oJajA ek 2 4 9l
t} Ryu ef al. (2008)2 &7] Zato|2EA]| oA
TR0 BAFA] B AL FA O] Fe Soq)
A5 279 2L dx fEY Aoz FE319]
o} whd 7l olls LEARS] %t 4 429) A
Hog B 540 Qe zzdo] EHHJ0H, &
ZA ol F27F AESP o 2L YIS FAH O
2 ol HAcka Atstgith

E3] 37] Zejo|AEA E2te] T 59940 &
A P gro] syt 5999l

e}

L=
R

Ae F 59

o
— yubul

Ato] oJahd, HdA4 S0 3] Ao F
7V o F F9949 gho] Zo] Zrasial S0
AF o] 4 g F FH P49 o] F7sHe ol
v F AW 5AS B elokar A¢kst ek Talbot, 1990;
Li and Ku, 1994). 13 20]A4] & 3= 9l%0] &

Sofl A BYE F 94 e - W Az
TR A7) A WL S Hst] Qg 542
ol H3lE 2| A5 Aty S GARE BAIE
Holng £ 54¢ad) 28 WEL oflE F4E
S0 A H kel geFolati T = S Aot

423 Ak2 W Eha F91912 gho) 95I1A W

sE3td ojn]
Qo 7| &5t 0] Abk T Eha F9IUL0 B

F7) HE2 Bk I
£ MEL 32 Fueky) B
w9 Hskel Bo] Jes
Zel g AJ7E FRE B AAE] o

i
Lo



J

o

ojtkrd ofg WolA th
o)A Zkzke] WEo| ATFS
3H4 @47} thEy] g2 Aot

AR 2 oA 27A Q] A A o] A=
2 Yl g d-) g 34 9ol §
B0 Zhe O FA Y] 5B E9UA HES Ut
it} 3] H @ S50 3489 §°0 g 4
B35 2 §940) EAT} S0 GFS F2 W
A "k $914=9] 6°0 Fho] 712 3582] 6°0 3t
T B 2pol7 U Aol §4l50] 23t 314
7} o EREA YA "k v S8
AgH oz 340 ALEUso] JFS 2t =
7.8 07} A Falr) o) Bl AL PO
7 GA Ho] §°0 gk Z71HA Hrk(Li and Ku,
1994; Leng et al., 2007).

A 52 349 98 A4 AU 7He
ol oF 68% S ARSI Qlom, B SutEE
Aol 4 et 087340 AnE9 U Zhe oF
204 -12% Atole] HS 7HAH, ALE 74 §
0 ZHe F 2000141 -30%, Ato]Q) Abda] wre Zhe
7FA] 2 Qlek(Prokopenko and Bonvento, 2009). HF
ol 37| Al7]oE AH o oER4Tt =
AL Aoleta 7T E3E W] W) Hgl 7}
He AAE o wol 7|1 Y7ol A HFH)
Eoto] B4 540 891429 §°0 FHe oputwe
A Aol A YRt 6°0 gheos 8 weks
Aoz Yzt B3 F4F 340049 §°0 gt
T eare gheFate] S WES mestd, B
Aol BEF 3] HoHslr] 7174 §°0 e
o MEe Aoz e §% ke 2He £94
o] BN mTe}l FHbo] ot §°0 Z) &} A4S
Zhg Ankete 3 4= 9l Aol

ERQZ, Ha)4 T5olx 9 6°C gk wske] ¥l
S AR E YA B} tha BRIt BHE 5429 §
UC gre 34 919 BT E (T we
HalA ek oy 342 §YHE 2] gEus
L A EE0] B Bokslo] o] THEo] x| EoF
49| o|Alsbetao} WA o] et dntx oz
EoF & gHAlgke meslH, C3A1E0] -8
Aol 4 o] B & o|Alshae] §7°C g oF 2
3%0S Hola C441Eo] £H3I o AL oF -1
0%< ®2lthSchulte et al., 2011). T52 ITE

L
o9,
0%
o
r
i)
it
+

%0
i

il
o
o
[>
Hm
=
0
1
it

>
M
fol

Ehiol simizol $12/71%8H ojn| 451

SR Qe A G W2 7|2 02 QajA] C44
Eo| AF 5= glis Fol7)of C3AlE0] g=dog
Woh(Brincat et al., 2000; Prokopenko et al., 2009).
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Fig. 5. (A) simplified climatic/environmental implication for changes in 8'"°C values of carbonate in Hovsgol Lake
sediments (core HDP08-1d). (B) simplified climatic/environmental implication for changes in 80 values of
carbonate in Hovsgol Lake sediments (core HDP08-1d). (C) high-latitude climate index reconstructed from 80
values in Greenland ice cores (Stuiver et al., 1995; Grootes and Stuiver, 1997) showing significant millennial- to
centenmal scale climatic variability during the late Pleistocene. (D) Asian summer monsoon index reconstructed

from &'°0 values of stalagmites in Hulu and Dongge caves,

south China (Wang et al., 2001; Wang et al., 2005).
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