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H R EI/N A P RS ) ARG AT, ISR 3 012 m, AKISHA 0.12 km?, WRIRHEIARZ) 0.28 km?, i
BB UK AR S 23 A0 o H 2 0 B B Rl 2 AR 38 B R R % XA f 7K 545 300 mm,
ZARE 2200 mm, JoRHEHIZ 120 K. RIGEIEA RS, WIEA T ERME, BRRERNE
B DL AR I AN TS T ST AT AN . BB Bz i R R KRN () 1e), £
SRy L A P . W2 TR IR RS R R, RGN 1 S ROKIR 145 m, K
T PA N 2 O e S bk SO R BB AT (B 1d). BG4 HE “A7 BIREK
B, WP HEW R AT A B AR B AT . RIS A RO R B R AR UK

BHEL, SR B, B4 BRI K SERAKXBRERE S E. WS
SEAKAE) DA T & PP . WA 2, oK IXAE WAR TG Z . R RGWIZK B SRR KA 1
JR 4B T AR AR I 0T, 45 R INE 1 Fos, WK Ca¥ 5 B/ TIRK, Tk
) HCOs K T2R7K. 7K pH {E N 8.19, J&T-5988PE/K, S EAE#Y) (TDS) 4 441 mg/L,

HL5 34 900 ps/em, WK+ T TR

Bl RGBT 3 2
Fig.1 The position of the TE Lake and the situation of the lake basin

FT1 REGHKRREAKKUEMR (BAL: mgL )

Table 1 Chemical characteristics of lake water and springs (units: mg/L)

[ Mg* Na' K* Cr NO; S0,> HCO;
KgAK 72763 4 67.878 3 7.567 5 4.896 1 6.796 9 0.421 8 250.188 7 267.987 1
R 86.499 1 61.482 6 6.655 8 43106 10.899 3 3.294 4 415.097 8 101.237 5
2 85.803 5 63.102 2 6.543 3 4.448 6 10.841 5 2.509 1 382.518 0 123.549 6

2 FEMCRESSER T
2.1 ATHE4FE

SRR B A S48 (UWITEC Sediment Corer) T 2015 4F 1 A £ERFEH 1 S30v0 0K 35k
14.18 m AbEKEUIS 2] 7.9 m 1) TEB LA 0. MRIBUTRIMISE . Bt SHEYRHE, AT
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HAFAEVTRANFF BL(8 2): 0~0.55 m iR ik, HiaE W re ik EWikiR; 0.56~1.55 m
NIRAB CWARTTARY, RS KR S G5 A AR AA s 1.56~5.6 m JyiR#E tuiltie, 70Aii
[ MNRER, FRZE T IR ERITEDE; 5.61~7.9 m ABE TR, [FIFEAFAE
KEHEMG S

K2 RIGIH TEB FL it H 2 RFAE
Fig.2 The lithological characteristics of TEB core in TE Lake
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DURRE SR AE S0 =AM 1 o/ FE I RRZEAT 20 B, FRAE W R T DCHAT A R T Ab 7

TR EMA X OO0 (XRE) HOHEMACT S ST, L2 mm NERE, B0
PLit##% (count per second, cps) Ko BRIRERLL 1 em [AJFEFE 950 C Rt Fekix (Loss on
ignition, LOD) 3753, EkJ7%:4%18 Dean (1974) PYRUBIRMEAT: B HTFI T X 5T ATHT%:

(XRD) LL 10 em [A]fE3RAT: SAHLEK (TOC) MBR (TN) MAILERTHTX (VarioEL Cube,
Elementar Analysensysteme GmbH, Germany) LA 5 cm [HF@lll € ; TEB fLILvHBkidk #2854 90
A, B AT SRR KA HEAT AMS C AR, KRR AR S TR T D)k
2~3 mm 25k, IR BRI A FEPOVE ,  E b K S A R i S 0 R e AR A IR
FREGRH PIERIEMA] Calib 6.01 275, 1] 10 RZETEHE (68.2%) HUfH.

3 R 51HE
3.1 FRIESE

WAV E SR AN 7.9 m, 1H 6.2~7.9 m B[S EMBE,  Toik Lm0 PR FAHE
2 RIMASAUA 6.21 m LA #3479 0. 6.21 m UL E#BA 3t kg i & 280% 4k 77 4, &
HY 10 MARAKEEEREDER RS TIAE (B 3), AT LB RN g, st fan
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K2 PR, JEE 6.2 m M 6.21 m AR 3 585 B.PAI 3 484 B.P.. FIHI A FAREE XS
TEB fLUTA S S PIAUE R BT 75, FRARAE IR 0 &AM B AL AT 2otk 4, SRIUEE
MNPURRE SARIPTRUZ AL AL R (B 4D, B E S PHPIRIEZN 0.175 em/a, 1 om HUFE
XL 3810 HEER 9 5.7 4
F2 RS TEB FLET AMS “CIMELER
Table 2 The results of radiocarbon AMS "*C dating of TEB core

FE i 5 R /m e 8"3C/%o "C 4E#b/a B.P. H &R (calyr B.P., 10)
TE1-1-003 0.01 WA -37.33+0.23 Modern -64+80
TE1-1-023 0.26 YR -35.2340.23 125425 137425
TE1-1-047 0.56 YRR -32.89+0.23 250445 213445
TE1-2-026 1.66 YRk -29.53+0.24 305425 367425
TE1-2-085 24 MYIRA  -26.21+0.23 61525 603+25
TE2-2-003 4.07 EY%RAE -25.97+0.24 1 170+40 1 093440
TE2-2-103 527 YRR 27.51£0.23 2 065+40 2 033+40
TE3-1-044 5.85 WA -25.47+0.23 2 985+30 316030
TE3-1-078 6.2 YR -21.66£0.25 3 355+45 3 585+45
TE3-1-079 6.21 YRR -23.56+0.24 3255435 3 484435

K3 RKGHI TEB FLA AR IERI IR 5 A
Fig.3 The typical terrestrial plant residues of Core TEB in TE Lake

Kl4  REGH TEB FLAFEAAREL K TRUE A RFAE
Fig4 The age model and sedimentation rates of Core TEB
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3.2 IMEHRERR

TER KIS R BN A G IR TR N EIER LR, ST TR B Ca. Sr 458+
TR, FHIHICHRASE Feu Al Ti. Rb E& R0 M Si Fg)mo ik, Wiyt &
FEER TR A A AR R . AN SSES R SO ST xS
TP HE R RIEBIRG, TORUA & b oo R T 2RI T A BEA KA R B o, -
R 55T TC R BAH N R H R BAF T IX Bt Cay Sr iR E ERFITR TR E
BB RRAARKR (B 5), H Ca. Sr TERWE ZIEARMIERLF, &BGER TR S59EH%
TEIR Z B A F AR, W20 HEWT R AT 593 72 o2 £ ZORIE T RRIE N, ST TR
P i N AN

Bls RS TEB fLT R & &
Fig.5 The content of elements of Core TEB in TE Lake

KA TOC F1 TN & BB N —F (K 6a, b), BEHN 1.77% 0.15%. AL
JiR R B R T R A HLTRNS A AR AR A = L m AR R, o/N T LR
WA HLTRIR, Z AR /N T 10 AR T 20 43 AR K ARt 2B SR U5« REGIH C/N SME N 12.41%,
FIBIEAIUTCRIE T A AR S MAS . WX BEKEL, — 5 SEUaEYKER
H, TOC &8 T H—J5, MR M LU N E L EEA LR, Bk, RIS
FUE A TOC &5 & n] PA S Wb [X K & 281k

WA TR TR Eh 3 R UR T AR AN A AL e R R, ek
W RSy R 5 A RSO BRIV TR E A, A=A S SRR . R RS A 7
W XA TE I P o 0 BT Ja R S R IR 2L 2504, BtV OB R Eh 0 . R BN A
(HE 6c), EMREEEBEEMVIFENS RHIS DR AR A, Ny HER, TURE S
BRIR Ak 32 N E AR R o R IRGTHIIN & B A R 20 K R SR 20D SRR 5 ZEL A, oH VA N5 PR SR K
T TARDSKEEZE E, WE 1 s, HTFKBE S Ca> RWTrh 4K, FrEess
BRER RO DTTE . [, KRG AR s X S0y, B 7K 32 B DA T i A 3R A0 7 =k iie
W, SEEUTRUAE TR IR, I RIGHIVTRUA CBR 3 & & 5 BRI 2 N KA
B, XIRFE KGN LU S FKAA BRI Z, WA T 21 Ca” T mmih, il
BRIR R 1 e s PR K I 2, ARAB 6 7 B KD o
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HIRFH Rb B EAAAETHIRAT . ZRFEEAEXAL R P, DRIE Rb 8 XA R H AR 20 5%
BATE S 1T SRR T RHC A L BRIR B S 25 AL R, Sr 75 A A rh 5 o B Rk ke,
RACAE RSG50, 502 10 Bl A8 o Sr dENWIA, TR EE 70 591 E 8 J0 R Rb F B AR Jith . (AU,
WAV A S Rb/Sr AT REER 2 RAIER, Rz, HAE R se88 it XA e
U301, Rb/Sr B SR BEK B TOC A5 5 SOl #h & IR R R (B 60, HRaRAHRS
T DX A 27 XA 3 B8 1 5 T B A2 4 T K R A4k

Kl6 RIGH TEB FLA SHBACH i A2 (L RHIE
Fig.6 Environmental indicators of Core TEB in TE Lake

3.3 3500 FERXIGHITIRIFET L

PG RIGVIRUE S TOC &8 RIS & WY JCRAN & & A TS AR S48 b
MIZEE M, 3 500 FE LR KRGV DT T 8 IR R+ B8 H (EH6).

(1) 1440 BC~1260 BC (6.1 m~5.83 m): 1% BAr T KAG By E N, BRIR L & = 7E
BENHTOK IS 1 R BLRRSE 180 AR mME, f5erm nIik 43.5%. ZIF A TOC AHX & &3 n,
VHAEF= R4 E, AR Rb/Sr HUAE Bl 78 X AL 24 AL SR EE G T, S et AR S g3 A LR A 455 o
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(2) 1120 ~750 BC (5.81 ~5.62 m): ZW HAVTAR 7 08 [FRE N AR LB AR DO R Y, BRIR 31
S E(E A LLF RATHEUR, RN 38.4%, (HFFLERAIKIL 370 45, FRom— KA,
IR YIRS B0k B TOC & &A1 Rb/Sr A1) FF. HAIALE 940 ~830 BC R h & &
— IR BB B, RN DX BRI, 2R TR FAEE TOC & &A1 Rb/Sr {HH A M. 750 BC
Ja, WA A SONRE IR, IR S 82 T, #EAMX AR E T2,

(3) 240 ~120 BC (5.36 ~5.29 m): 1Z%IR i HRFEES (R EHT, (HIRBRER S =I5 1 440
~1260 BC #12, mEHAIE 41.3%. SHTPHEEEIHALE, 240 ~120 BC 3] [ K B A P AR
FHIHAE . [, 7 & B IZ I I B N R B B EE, S8 B &M TOC & & MBKK
Rb/Sr {8, [ $8 7~ X HeE F TR S .

(4) 200~260 AD (4.91~4.83 m): WRIREL & EFIRTH R, BN 26.1%. X UG ] 13
TN TOC & &THE, Rb/SrE TR, [FFEFERIX KB L . 1Z N T A &8I E H
DU, TTREJE KRB K AR D, SBO T KM EER, WABHTE Ca® i, %HEE
T fRATDTTE IR 264

(5) 690~720 AD (4.29~4.25 m): FIR#LE & H PN 30 SEHUm{E, VWRIEA N 23%, 1%
RN TOC & &M EFE, Rb/Sr HEAK, FERMXBEKEZ. BEEE 720 AD~1300 AD

(4.25~2.56 m), WIATURE O AR e, 128 IS T rh 20 BRI, JUR A O A kR 5 AN

TOC A TH e FIRAE, WA X KB AR/, R, Rb/Sr H s WL 55 1 A0 22 XAk
PREE, WX AR NIET . BRIRER S B . TOC & &M Rb/Sr HA AR NFaE, SoRibiX
TE At 20 B A AR G R e IS 2

(6) 1300~1330AD (2.56~2.46 m): BRIRh & & HIMESH ETF, fmh 18.9%, X [%
IKEID BN, TOC & &¥A FHE FIRE B TGS AR K. %0 B Rb/Sr {H &%, 103%
T X BRI AL SR o I ST ST Bl I ST A 9 B /NOK SR RA I BN, 98 X SRR
N

(7) 1600 AD~1730 AD (1.55~0.61 m): IVAVTAR 7 O R GR BN KA Cu b AR TRR 1A
B B IR IE 2 B IR b5 B A TOC 5 Sk 3 3500 ki mfl, 73708 45.9%F1 8.4%, HI
—RNHA 130 FERF/KIE Z R . Rb/Sr B HIA B ARAE, S Wi X 58 ik XA AR

(8) 1850 AD~1950 AD (0.23~0.1 m): FxPREL & & & TOC FE kA E, IR E
N 27.5%, Rb/SrH AL, SoRiiX K%, 1% E RS E A M2 1600 AD~1730 AD {H
=T 1300 AD ~1330 AD. B J5#E NIUARIEIR B, BREZShFN TOC & & FEIK, Rb/Sr{EFHE, KBk
WX BEKE N, b2 RIS, RINIE T SRR . DRI IR IS Fp it 2 BE AR B,
BRIR £ & &1 TOC & AR R iy, SR EA 35 30 XV e T b 2B 3, 24 R 5k
e v S A A% B 25 I e % — B

ANUKEIRI SR Z BT, BRIR Eh 55 B 01 HE 300 O AT RN 25 A s B e A 2 ik R AR P 3, ek
WX PGB TR . JEHAE 720 AD~1300 AD (4.25 m~2.56 m), *f N T Hitadig iy, XA+
R IR TS5 25 A o AR R RG22 Fa bR 20 AT, /MK L H B = VR Bk 38 22 O 3, 931l A2 1300
AD~1330 AD. 1600 AD~1730 AD. 1850 AD~1950 AD, Jt:H:/& 1600 AD~1730 AD, Wilg#h & &
BE T, AT Bt e INKIIRR K B 2 (I 3, A S5 AR A 2R o
VKSR IR B s ST 1) — 3%, A, AR EE Tt ZE BRI 5, R ARSI S /K3 i
WANEK o BT JF H s 2 1 75 -0 35 2 AR AL TR 4 8 2 0 75 e s R AR AL B R K P R R T %
T /NUKEAARFEE ISR E . Chen et al. ") 258 24 FR B IR0 R4 LW, 7RG
X /NUKHH SRR AELE A R AR, TR SR K X ANK SRR IE A T T ABE
Ll R B R G HLIX , B4 th DIOR S AR 032 0 XA ORS8N, R T A IR TTRA R,
fiE o

ATANAFFC N, p0 RUEShIg st ), 2 i d RIS RE S N R TR IX, §3
X 35 B K B S 48 22 R0 IR A R S X B K B AR A . RIS, g S I A 0 <UL
REME BRARZR BB, T 75 X I8 RGR ARG Y, WAL, RIS T-E—uk)ILAT, #1A
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PR RE T BRI 2L T e 2 B UK IS S e, B AA i S AL A itk — 20
W

4  gEig

RIGIA A I R SRR ANE A E R, iR & B R 22 THU R KA =, 7]
DL 73 F AR Uk b 3 X I K AR AL o AR PR RIGWADTRLA O TOC & & IR & & JuR AN
T WY PO TR R AR I 225 0 HT» 3 500 4E ISR KR ISTAUTA AR 47 7 8 IR A
T 1AL, VRIE A N 1440 BC~1260 BC. 1120 BC~750 BC. 240 BC~120 BC. 200 AD~260
AD. 690 AD~720 AD. 1300 AD ~1330 AD. 1600 AD~1730 AD £ 1850 AD~1950 AD. /yKHAZ]
K AT (1534 BC~1300 AD), iR £k 2 E 06t B R0 A 0 RN AR A 1 s Ak 2 /D B AR a5
S B X B AR, TR BRI (720 AD~1300 AD), #2& 3 500 45K i T S
INUKIRFF UG T 1300 AD,  HH B =R FE/K B Z B3, JITE7E 1600 AD~1730 AD J2& /NK 3 e B0
VG RIATR R, KRG C 3 i 2B BE A 5 /N K 2 AR BT BB A A, 1%
S AINK ISR BT Pt BRI TR A AR e . DRI IE I 5 b OB IHAR L, BRIREL S &
N TOC & A8 Ey, OB A IG5 9900 X VR B v Tt iR 3 . A4, RIS & O i
Rb/Sr 1H 5 WA X A4 22 A i B 1) 4038 3 B2 4% T R K R AR 4k o

i ZMRFEImEEIALSESLEAMN, AERTEH.
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A 3500 Year Environmental Changes Recorded by Sediment of
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Abstract: Lake sediments, especially the inland-mountain closed lake sediments can be used to record the change of
the continuous paleoclimate, which is one of the important archives of paleoclimate. Sediment core retrieved from
Tian’E Lake (TE Lake) in the middle of Qilian Mountain was used to reconstruct climatic changes during the past 3500
year based on the analysis of total organic carbon (TOC), elements and mineral composition. The chronology of TEB
core was established using AMS '“C dates of ten terrestrial plant residues. The results show that carbonate content is
controlled by the supplementary of groundwater, which further indicates the precipitation around the catchment.
Accordingly, the precipitation of TE Lake has a decreasing tendency between 1534 BC~1300 AD based on carbonate
content. Especially during the Medieval Warm Period (MWP) (720 AD~1300 AD), the precipitation reached lowest
values among the last 3500 year. There had three-time humid conditions during the Little Ice Age(LIA) which began at
1300 AD and reached most humid condition during the period of 1600~1730 AD. TE Lake is characterized by
assembly of warm-dry and cold-wet climate conditions in the region resulting from the influence of Westerlies.
Moreover, variations of climate during LIA recorded by TE Lake were more unstable than that during the MWP.

Key words: Qilian Mountain; Tian’E Lake; late Holocene; Environmental changes; Medieval Warm Period; Little Ice
Age
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