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Fig. 1 Location of the research region
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Fig. 2 Stratigraphy and chronology of Lake Yamzhog Yumco core'
(a. *'"Pb; and **Ra results; b. *°Pb., result; c. age-depth model)
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Fig. 3 Peak area of the major elements and magnetic susceptibility in Lake Yamzhog Yumco core
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4.2.2 HHESH AR E B 4 A AL T R AR CHE DUE B B 2B B Ok .
K2 MUY F LA E TR AHDCHE AT 2R, sAHDCHE (P > 0.65) LASIIAHZR .

R2 EWESETETSHEEESHER

Tab. 2 Correlation analysis for the major elements of Lake Yamzhog Yumco core

Al Si K Ti Rb Fe Cu Zn Pb Br Ca Sr
Si 0.69”
K 0.68° 091"
Ti 0.717  0.897 0.97"
Rb 0.70"  0.73" 0.85° 0.89"
Fe 047" 037" 059"  0.62°  0.81
Cu 0.40"  0.22° 0.32" 042"  0.66°  0.74"
Zn 0.54" 049" 0.68° 0.70" 0.827 0.837 0.70"
Pb 0.09 -0.17 0.01 0.04 035" 0.76"  0.677 0457
Br 0.04 -0.29" -0.1 -0.06 0.18 0.59" 0567 0337  0.86"
Ca -0.35" -0.09 -0.12 -028" -0.52" -043" -0.72" -0.43" -0.38" -0.33"
Sr -0.29" -0.04 -0.08 -0.24" -045" -039" -0.64" -036" -036" -033" 095"
Y 0.50"  0.647 054" 0567 0477  0.09 0.23° 0317 -0.28" -0.38" -0.29" -0.23"

TE: 7 FE0.01KF GO ERFARK; " 7E0.05KF (W) WA MHEUE VIR EHE (- > 0.65).

REZFICRAEARRIA M, (2, Hpnr IR 3dEZ TR O Al,
Si. KH#ITi; @ Fe. Cu. PbHIBr; @ CafliSr. 2H1H 762 Al. Si. KFITik H 22 E
FH B AIA N (r > 0.65 F10.01 KFEFIXE]), Hrp, SiAIK. Ti flK #HH &M
SR E]0.914 F10.996, 4H2 1 ICEK Fe. Cu 1 Pb 2 8] FYAHEERHR (> 0.65 F10.01 7K
FEAEIXE), BrAlPbRI AR ICH: (r = 0.86 F10.01 /KF-EAFIX[E]), 43T
% Cafll St I HRAUAEHE (r = 0.95 F10.01 K FE(SIX ), FFEFE KR, TE
Rb M Zn 5411 E (K, Ti) FZ 29 ICE (Fe. Cu) MMM E, vhE
e B ELA A P PEARAE . 594N, CafllCu. Sl Cu A RGRAY ARG, 403ik%]-0.72
F1-0.64,
423 ERSSH ERS TR T E R TUBRY TR AU FER T FE S
FEALEITTRIWPCAG R UNE 4, F3 PR, A3 F R B 25 5 S5 2519 82.914%.,
H— B 22 Tk T 2210 47.301%, JCR AL, Si. K. Ti. RbFYSELsE—IiFF
Wh, BABEIEM (49180747, 0.948, 0.949. 0.947. 0.838 F10.706) . 55— Fm/rHy
7 2 TTHk AT 2519 23.763%, JCZE Br. Fe. PbFl CufEirss —1F K, HrhBr. Fefl
Pb 934 E (40512 0.866, 0.838 F10.929), CutHHbi ik (0.653). 5 = FEWsrHh %
DR (5 7 2510 11.85%, Ca F1 St &I AN S E(E (155343514 0.898 F10.870) , FRHAXS
TR IR . A R T 22 DTRCR YN T 10%, A THE. 546, Znfes
— A T HEAAEIE (9 0.643 F10.604) , 1,5z e H H B AR 3 P AR AE
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Fig. 4 Principal component analysis results of major elements from Lake Yamzhog Yumco core
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o R (AR A T R KT, (B A AE R B
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SOy

5
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RETHWMEE : — 2RISR 7 ok i b
TR B A 4y =i A AEDIEdL sy, Wik
WA AL 2% 70 R B4 A5 TT R IR AR
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Tab. 3 Principal component scores for the major

elements of Lake Yamzhog Yumco core

. ES%iy

TR 1 2 3
Al 0.747 0.122 -0.223
Si 0.948 -0.101 0.052
K 0.949 0.160 0.133
Ti 0.947 0.172 -0.038
Rb 0.838 0.435 -0.224
Y 0.706 -0.346 -0.325
Fe 0.485 0.838 -0.098
Cu 0.335 0.653 -0.549
Zn 0.643 0.604 -0.130
Pb -0.100 0.925 -0.168
Br -0.238 0.866 -0.165
Ca -0.196 -0.305 0.898
Sr -0.138 -0.292 0.870
Jr Tk (%) 47301 23.763 11.850
FRUF 2510k (%) 47301 71.064 82.914

B EARHERI AT AR, I ST R BIAL A 2 PR AR SE S e ESOFR,
TCE AVFIY A58 BRI HAR A ARRAE AN B2, Rb A Zn A B 0 A3 EEARAAE , DRIIL, %4

MICERMAPIFEIRA S 5 R CTHE

JUE Si. KA Ti AHAIRSNERE TR, K& E B SMNEY M AA G, T2
2 B IR K A s o Ti o BB e RGR TR, HE b R ez
IR AE I A B IR K AR A 5 Y s — S22 25 Al e A i i Ti e R R 2k A
WK G A BRI s A, PT LAFR A K SCAR b, B 7 2 i 458 1 A R

a: Tl ﬁ% E{’:J %%[30, 52-54] 5

KEICE F Br M Z 5 TR h A MLBCS 2 IR ATABTTERM, AHLES
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OERARS R ST ITRRE, BN T5IE, TR Br/ENHEY) . BEY A K270
JUE, AT EEAAAE TR TP A A AL . A Broo
KHAPR (TOC) WHABRMF M, AR, SiRAE RS T R
DU Br oo R NG sl k2 B AR, 7 T 96 s S TV FREE T 1R 5K sl R W TR
o, SRS R ZE AAEH AT REE Br S BOR AR EEem N R, FI, ACBroo®R
AT DHUFE R IRER AR, 554h, CA2F S Broo R T iR EHE, WEvias]
V1) Teleskoye ], Bricz & i Y22 A S5 4F IR B A RSB AY IEAHOCHES; 7e/ N, il
ORI IR Bron R S & e BT, /NI R BE 2 R

Fe. Cu. PbELRICEAZ LM ITE, HEENBMETEIRARA—L R 5%
B RUBES . — B TRV AT, A MR, XS TTRARXTE AR, AR
HIRJEEREE T, S AR o

JUE Ca ISt UG . 2% . SRR FAUIEFRAAE, 43 3JE I CaCO;
FSTCO™ ), ASCAfi ] XRF 58| )2 24 Ca & i, W RERE &R R T 1) Ca A d&
e SR SR R e T Y Ca,  AELSE 50 7 3 PN I 280 ) Bl L AR S22 LTRSS 21, it
B CagnZ N FEOE A TikfREL . MAEHIEn S A FE ARG S . AR
TUAY, s N AR PR IRER T A PR . O A X LRI S A it B, -1
T A DO A iR R FEEOk AN A B ERFRERTTIE S, MHSA B SRR ER Y
DUVE FZAZMIAOKALRBL AR 2y, X TR TR0 P B PR, AHXT 48 s (R Bk
R R AR = KA, PRI IT R CaFl St AR A T LA /R A KA 28 4k

SRASE 11 B 3T 19 11 b7 S A R e D S T it 3l — % T ORI R 12 S g IR ARG FK S
AR FE R A, Iz R T 2RI A A 1975-2009 4F 52 HE AR S FIK SCHORE, dniE s
fs, REINATCER BRI B SR K IR SR KA E AR e B EAIR, (HTi
MK ITRME SFEHREK, Brfl Fe o RumE SEYNEE, LI Casn R E 5K
PRI B = AR OGN, LUl T TR SRR A R

A, —Sn R B A O 2 A b IR A H8 A FH IR PR AR A i i 3
X AR A B R PR IS PR MER B . BN, STCERb S5 SrigufE (Rb/Sr) &
BN EAE A R AP e bR . — AR, BIADOB 3 IR0 Rb/SefEF8 7R T ifidak
R A2 KA B, v (0 S e 3 3l B 28 Iy 1) 553 Ak 2 AR st AR 7 Tk 2 KU A iR
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VEH 2z R B AA i, o B il o R () BRI ek 55 5 MAE MR I S SR T, Rk
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BT, P, A SCA K Rb/SrfH 32 % s Bemt BN B 28 Ak, BIMIESS s s
M EAEFE R IR EERAR . BLAh, JCE Ca5Fe LM (Ca/Fe) MYAR IR S < A5 P15 AR
AR R, TEEEDIRY, Ca/FefH & X vk 5 ok A RAr48hR, DR RTE oK )
IRPRER & i Lok IR & S e BA RS, — ok uixt e FIRKTRIEZ, 73k
e R . TR BRI TR Y R FefiBk= Ca, Ktk Ca/Fe vl gk T IX 204 F
FSRIE, [R]IsH BE 7 — e R I i st 22 i r K A2

AT REAC RN — DRI VR A e, TSR k. b
TUR G HAIEIRZE B M. REBATFR B K - HU > BORE & (R RE AR & TR0 R
i, BEALRAIE(E 5 " # 0K Na. K Mg S IEAHSC s WA TCAR Y h iR v o v] Bg
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Fig. 5 Comparison of selected elements from Lake Yamzhog Yumco core with average annual precipitation,

average annual temperature and average lake level in Baidi Hydromatric station between 1975 and 2009
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Fig. 6 Reconstruction of the environmental condition of Lake Yamzhog Yumco catchment during the past 2000 years.
7-10 um%: the percentage of grain size 7-10 um"”; DCAP: Dark Cold Age Period; MWP:
Medival Warm Period; LIA: Little Ice Age; CWP: Current Warm Period



744 RO A T S SRR T R AL R D S Y 2 2000 AEFRES AR AL, 1355

LS S e e o e 1 1 N P SN i S g 2 B S o Gy 2 e 5 i
BRIEEEY o BUHEVKOU UK SRR | TR R £28"0 . GISP2 vkt 5 & 1Y 4 XA I
SR EERIIL R VG S (NAO) FREXTHE XTI (B 7)), iR L i nT REMLT
531 BETHMREREE A SCR BT W R AR A 5 ORBHER SR, K
BB BKIREEAFTERR R o 3 25 2000 4 LUK K PR 74,  RPA4R ST B2 LA Kb Bk
T A AR AR ke, FTLAR G Late dark age. Wolf, Spérer. Maunder Fl
Dalton T/~ K BHAE S /N, DL At 22 A A R BRI AR SR AR ORI T A SCH i 2
FAPIP BB i) — LS R, il TEARR S HUPHEREE LA R IR PR
THERAENER, ARETER A EAAAE—SEER AT S . R, ARG, 33242000 4E LIk
IR AR AT BB S OR FHAR S IR AR BB R, BN, TEEAERE |, MR
AP ARVR B A/ INK IR S s R 8V, i bt 20 g S AR B 9 A B A i bz o [RIES, AR SC
PR E A R, 2252000 4F 1Y G —AS TARBARZE LU — > TARFEY , /oKD B R U s
FEE AT R ], X SRR A AR 5 (Kl 7a), WX —45 RO 44
B TTHZMUESES T G54, ASCHTREE AR T, SR et I 0 %) iR I R A
PR A 20 A0 B, 31X 5 f Ol ) i R A R oy — 8

AR SC RIS A 7R TE 2 800-1000 AD [R], i S ThE L IfE] B S5 db Bk
AW A — B, A SO SR A AR I T 22 30 B B (R A 3 1 e S A v
PUAbHLIX A IE S B SCRE ™ SR, B IRV E PRSI, VTR 2 R0
REZAL . BN, A SCICsA b itk 20 i B8 S o WAHp e B 800, AR Z R, dEB BRIl EE Y
A R T e B AR R (B 7a) B T A EAE AR e Dy s SCHER L
. VKSR BOREE A T b EDE 2000 KRB ARG A, DAk o AR AR S AR AE P it 2
W), (HPEHANIA L s 5 e o BUAE PICOOS B A s R4 Hh P B S AN

a b
FC Rb/Sr Ti(103 WA R GISP2 nssCa*?
(premil, PDB) i(10%rs) B (mm.a ) (ppb)
10 0-10 00.20.40.6 0 5 10 100200300400 4 6 81012
b ey
Dalto:
?;"'Maund
cmss — ]
~ 1400 = seorer
n E=--Wolf
< 1200/ : >=E
T ==

- Late dark|
age

02468 -04 -02 0 4080120 0 51015 210 202
KFBFH  AEREBE(C)  Fe(10°cps)  K(10%cps) alg(ﬁ‘;ﬁ\ﬂm) NAOH 3K

R KRS BAMHESTD RRE % OBEO TR m R XAE o 570X R

K7 a. JFW)A 0 Rb/Sr{H A Fe 5 85 R B T40™, R BHAR S50 B2 K AL BRI BE X L
b. W Ti AT K TR R A ol B pIGU  BRER BEY, F E piR ER8 0™,
GISP2 vl d i P KBRS U R P 5 Bl (NA O TR B %o L
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Environmental variations recorded by chemical element in
the sediments of Lake Yamzhog Yumco on the southern
Tibetan Plateau over the past 2000 years

GUO Chao"?, MENG Hongwei’, MA Yuzhen', LI Dandan', HU Caili',

LIU Jierui', LUO Congwen', WANG Kai'

(1. State Key Laboratory of Earth Surface Processes and Resource Ecology, Faculty of Geographical
Science, Beijing Normal University, Beijing 100875, China; 2. College of Resource Environment
and Tourism, Hubei University of Arts and Science, Xiangyang 441053, Hubei, China; 3. School of
Tourism and Geographical Sciences, Yunnan Normal University, Kunming 650500, China)

Abstract: The Tibetan Plateau is sensitive to climate changes induced by interactions of large
scale atmospheric circulations, including the East Asian monsoon, Indian monsoon and mid-
latitude westerlies. In this paper, we present a high- resolution chemical element dataset
covering the past 2000 years from Lake Yamzhog Yumco (28°27'N-29°12'N, 90°08'E-91°45'E,
altitude in 4440 m a.s.l.), which is a representative inland lake located in the southern Tibetan
Plateau. These data were acquired using an X-ray fluorescence (XRF) core scanner, which is
used for in situ, high-resolution, continuous, multi-element analyses. The chronology presented
herein is based on *Pb and AMS"C dates from the macro-remains of plants. The interpretation
of elemental geochemistry, together with magnetic susceptibility and grain- size, enabled the
reconstruction of the environmental changes in the southern Tibetan Plateau over the past 2000
years. Reconstructions of the temperatures, precipitation and lake levels indicated that the
Medieval Warm Period (MWP) and Current Warm Period (CWP) were associated with low
precipitation and high temperatures. In contrast, the Dark Cold Age Period (DCAP) and Little
Ice Age (LIA) were associated with high precipitation and low temperatures. Moreover, the
level of warmth during the peak of the MWP may equal or slightly exceed the 20th century
warming. In addition, the prolonged LIA may have experienced a warm event on a centennial
timescale, and the 17th and 18th centuries may be the coldest centuries in the last two
millennia. Our reconstructions also indicated that the lake level evolution has been affected by
interactions of temperature and precipitation. More specifically, during the cold periods, an
increase of precipitation amplified the rise of lake levels, and vice versa. The climate records
from Lake Yamzhog Yumco have confirmed a cold- moist/warm- dry climate pattern on the
southern Tibetan Plateau over the past 2000 years. Additionally, the temperature variations
inferred from the records were strongly correlated with the solar irradiance and northern
hemispheric temperature changes, which suggests a possible link between the solar forcing and
climate variability in the past 2000 years on the southern Tibetan Plateau. In addition, the
enhancement and southward shift of the westerlies was determined to have significantly
contributed to the high precipitation conditions during the LIA on the southern Tibetan Plateau.
Keywords: clemental chemistry; southern Tibetan Plateau; the past 2000 years; Medieval
Warm Period; Little Ice Age; climate change



