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Fig.1 Location of the studied area
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Table 1 Stratigraphic characteristic of ZK profile
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Table 2 The data of "“C ages of the ZK profile

13 14 A i

e e 8C/%o pMC/% C4:{ify/a BP FeIEAESR
s°c #2%(lo) pMC #2%(lo) UCARI #2(lo) /a BP
30~34 XA12698 -25.58 0.14 92.09 0.36 662 31 664
73~75 XA12699 -24.68 0.09 82.45 031 1550 30 1513
99~103 XA12700 -24.64 0.08 80.16 0.27 1777 27 1709
171~176 XA12701 -24.52 0.09 74.22 0.24 2395 26 2461
213~218 XA12702 -24.79 0.09 62.11 0.30 3826 39 4290
262~267 XA12703 -25.88 0.10 51.07 0.20 5399 31 6277
282~286 XA12704 -24.94 0.08 48.51 0.22 5811 36 6 665
332~337 XA12705 -26.16 0.09 35.18 0.19 8393 43 9 480
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(% 3):Si0,. ALO,. CaO & & # ., 30 Bl 20 % K

63.73%~71.62% . 9.44%~10.58% . 3.49%~6.28%, V-
Y 2 9 R 67.85%. 9.91% . 4.59%; Fe,0,. Na,0 .
K,0 .MgO Xz, {5 [H 53 5 2.92%~3.42% .2.27%~
2.55% . 1.77%~2.00% . 1.00%~1.47% , *F- (& 73 51 N
3.13%.2.39%.1.90%.1.18%. 4= o i B R A
1k W) 1) SF 2 & & 5 B Si0,>AL0,>CaO>Fe,0,>
Na,0>K,0>MgO H#LAE . ZK # i H , Sio, (1.85%)
F1 Ca0 (0.65% ) A #r i 22 ¢ 1 , 3R W SiO, Fll CaO 5
e A AR AL I ., XA AR AR
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Table 3 Content of major element oxides of the ZK profile

o2 Ecsl
E=R iRy
ZK1 K2 ZK3 ZK4 7ZK5 ZK6 ZK7 ZKS$ ZK9  CPIH ARdiEE AL TE
Sio, 6892  69.83 6931 69.42  68.65 6776 6572 6571 6623  67.85 1.85 63.73~71.62
ALO, 9.72 9.92 9.90 9.70 10.03 9.94 10.06 9.89 9.90 9.91 0.27 9.44~10.58
Fe,0, 3.02 3.07 3.09 3.09 3.21 3.12 3.14 3.17 3.21 313 0.10 2.92~3.42
MgO 1.08 1.09 1.10 1.07 1.17 1.19 1.30 1.26 1.24 118 0.11 1.00~1.47
Ca0 4.22 3.92 3.97 3.84 431 5.10 5.44 5.09 4.90 459  0.65 3.49~6.28
Na,0O 2.39 2.37 2.41 2.40 2.38 237 2.40 2.40 2.40 239 0.03 2.27~2.55
K,0 1.87 1.92 1.90 1.86 1.92 1.91 1.91 1.89 1.90 190 0.5 1.77~2.00
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Fig.2 Variation of major element oxides content of the ZK profile
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Table 4 Ratio of major element oxides of the ZK profile

_ Exin
JUE LI ZK1 ZK2 ZK3 ZK4 ZK5 ZK6 ZK7 ZK8 ZK9

S YA
2=l AR R %L Cla 4959 5012 49.83 4944 5032 5020 5020  49.84  49.85 47.77~51.39 49.98
Na,0/K,0 1.94 1.88 1.93 1.96 1.88 1.89 1.92 1.94 1.92 1.77~2.19 1.91
Sa 12.05 11.95 11.88  12.15 11.63 11.58 11.10 11.28 11.35 10.46~12.78 11.62
Ki 0.81 0.86 0.85 0.86 0.82 0.74 0.71 0.73 0.75 0.65~0.93 0.79
w 1.19 1.11 1.13 1.13 1.17 1.32 1.38 1.34 1.30 1.00~1.49 1.24
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Fig.3 Variation of major element oxides ratio of the ZK profile
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Fig.4 Climate change revealed by geochemical indexes of ZK profile and oxygen isotope from the stalagmite in Dongge Cave""

EAS VR RS, ZK 5 I F 5 o0 R0 Sk 1 1 K
R AR AL 9.4~4.2 ka BP B 2 XUk % SR IRIE
4.2 ka BP 244 ZE W B S T 5 B I AR
U0 b XU BT RRURE 8 ARG Ak 38 10 57 19 7 9 e D AR
#9.0~4.2 ka BP K #A 45 Z5 AR e 4y, mUSREAE %
58, 4.2 ka BP Z J5 WD % sl 3o, S a2 4007
i) 2 s — 34 5 R A KU AR e T 3R

10 58 1Y 7 980 R 4R dE 3 9.2~4.6 ka BP A A 44
++,4.6~0.7 ka BP AN B IR A7 AE 22 S0k s (H S5
oAt 25 R A 20 KRB R T
BB AC I HE A o0 T G g R AR A RN 7 b
e tHE PR VAR B 9 2 R B R Y — B, B
LGN A A [R) A8 A FH 8 o X6 4 A T 174 25 S
FEGX— IR R



b

7;% 543 %

18 i
5 Zig
3 1o R P T (2K 30 T ) A RO E R

i N HAE A o BR A 24 REAE EA T 40 BT, 25 A M C AR,
T TR R R AR AR AR AR AR

ZK FI T LR R Ak 27 4 R DA Si0, . AL O, . CaO
S, o R R G ER E ) S A Y 82.35%,
h SiO, Fll CaO 1Y s #E 22 B i , WM 28 AL B
TRk

5 ) TR L SiO, 7 & A AR A R B BT
WD R IR S AR R T ARUEE L, Ca0
Bt AR AR AR B BRGNS s ) A TR
I P AR R S

9.4 ka BP LUK i AR JL AR S & 0 17
FH TR ) V2 T R e AR L R, T 443 K 9.4~4.2 ka BP
57 i B SBR[ 25 i R 4.2 ka BP &
A A28 SR B AV T A T A 55 1 5 Hor
1E 6.6~6.2 ka BP.2.4~2.0 ka BP #ll 1.7~1.5 ka BP f%
TER — ) A 3l

Bt x b B AL S R IR IR A KT A ik B R P
S A MC R F B A e 0 Ak A S IR TR AT
RIETHE & PR R AT SE KRB R LT 0
B5 I HEATRRPOME

SE

[1]  Bryson R A.Airstream Climatology of Asial M |.Boston, USA :
American Meteorological Society, 1986.

[2] Henderson A C, Holmes A, Leng M J.Late Holocene isotope
hydrology of lake Qinghai, NE Tibetan Plateau: effective mois-
ture variability and atmospheric circulation changes[J|.Quater-
nary Science Reviews,2010,29(17):2215-2223.

(3] XUARA:, sl KR, 45 i 2 PRI (M ] e Rt Bl i

#,1985.
(4] Fme. A it A IM ] Jb st R A, 2011
43-136.

(5] FRkE, MR BT, SRR IR F A R DK T 3 LR R R 2R
B AR (7], M 2E4R ,2010,65(11) - 1336-1344.

(6]  Xlvk, rfsis , P, 55 35 905 JR AR LB VR ok DU B URE B 5 o8
Fidsk M apt TAER B B [ 1] vk 1-,2013,35
(3):609-620.

(7] AEFEE U IREE 2R i . T DU T 5 8 A0 2R 12 ka LU
SRR [ T]. 3224724 35,2019,43(1) : 101-108.

[8]  #LTBk, FLIRRE , L& 7 . 75 1) QH8S-14C EhFLALNS 434 K
Hob Aty B R0 A BT [T R 241, 1989,31(10)
803-814.

(9] WA VRS gldEfy , 4 W e R A it i R
A5 B L W v THRR R[] R 2%, 1991, 11(1) - 76-85.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

LuR1J,JiaF F,Gao SY,et al.Holocene acolian activity and cli-
matic change in Qinghai Lake basin, northeastern Qinghai-Ti-
betan Plateau [ J].Palacogeography, Palaeoclimatology , Palaeo-
ecology,2015,430:1-10.

FELLIE , 04 T ) 5 6 0 R A T KUE OB 3K A 27 R AR
By S LT ) DU, 2021,39(5) - 1198-1207.
W, DN BEE  4E 115 ka BP LIS 2O TR ALY
Hb R AL 2 R AE S HER R R SCLT ] IURRAE A, 2009, 27 (2)
360-366.

FRM, TEAR, B, 55 SR ARG 5 & o) A
A5 A 1 TE A B H e Sk [T, 55 U 22 B 5T, 2010, 30(6)
1097-1104.

Yu L P, Lai Z P.Holocene climate change inferred from stratig-
raphy and OSL chronology of acolian sediments in the Qaidam
Basin, northeastern Qinghai-Tibetan Plateau[ J ].Quaternary Re-
search,2014,81(3):488-499.

XK, s , G, , A e JEUZR AL AR KUSCIC AR i e R
7R 19 2T T 4F ROBE s AR [T ] ity M P27 412, 2013, 15
(3):423-433.

RS, X/, AW AU e OB SR A
LR R E L[] T 5 X, 2018,41(3) :536-544.
Gordeev V V, Sidorov I S. Concentrations of major elements
and their outflow into the Laptev Sea by the Lena River[J].Ma-
rine Chemistry, 1993,43(1/4) :33-45.

WREZ , IR LAY, 25 . R )1 B Al 2 KU B2 1) 3R
P2z WEFE L0 R 2 DA MR 2, 1997, 27 (6) -
531-536.

ARAL, SOF R KA i R T E TR IER AT ]
Hb T R AL, 1999,27(1) :21-26.

Nesbitt H W, Young G M.Early Proterozoic climates and plate
motions inferred from major element chemistry of lutites [J].
Nature, 1982,299(5885):715-717.

Wik, oK XL . 06 SRt DR B S g il 20 R
FA IR A2 R AR Rt PR 2 SC LT . 1 R X BT S5 B, 2016,
30(11):148-153.

Wi , RYR , X034 SC . H 7 PG I NG 25 — 20 204G L A AL A 2 %
M2 RAASAE [T ], BT 3222741, 2001, 7(2) : 167-175.
FRN A, R, M CRIERMBE R ES
Bt S A B - USRS SR Ak DGS 12 B [T TR
#,2015,33(4):735-743.

LR, WA, PE A, 2 1 B IR A 1 9 - 4 e
T 7T 3% Hb B Al 2 AR BF 5 (0], b A 22, 2010, 30 (1)
134-140.

Wi 56, 7o, kosEdi, A5 . AU T 40 8 TSR 9 250~100 ka
o Ia] AR AL (R L ). M B 1 4T, 2014,33(6) : 55-59.
WIS A B, SRS . TR A A i MO IR R
F PG A T LK Bt s B R PR E [0 ). A [ 052, 2015,
35(2):313-321.

SO BRERS AR, S [ L R e (M b s R
AL, 1989 1-285.

WSS 22U, IR ARER , 45 220 ka BP R SR 550 i S



5 2 1

[ R

GE S i iy

TR MR AL SRR B R 1 A 19

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

o F) T bR Ak 2 RAE K FEXT A R AS  s A i 2 [T ). oK TR
+,2005,27(6):861-868.

Vital H, Stattegger K.Major and trace element of stream sedi-
ments from the lowermost Amazon River[J].Chemical Geolo-
2y,2000,168(1/2):151-168.

BB AR i S AR K TR RS R RN AL
[CL/h R B =2 N M STRIFSE i i 1) A5 B2 R
1982:137-160.

oy i L HOBSR AR S BRI DR A U 20 )R e
TER MR AN Sl SRR [T] Bk L2, 1985(3)
269-275.

PRI R L L IR A B S R U AR I 2 Ak T R
TR AR ST ] R P, 1994, 14(1) :22-30.
Z/NG, BGE R TSR AR T R R AR AL A - SR A
A AR A LT ] BT 42, 2017,91(1) :266-286.
BEE RL, RWEEBT, AR A5 o A thH i i X SOk AR ST
PIFRTEK S [T ]. M P22 4, 2009, 64(1) : 53-58.

B, F IR, Andrey Darin , 45 BRI /K 28 487 HHSUHIIT
TR ER Be ke o A B IR 7 SCLT ] S 42 05T, 2021, 41
(4):965-975.

RIS, 5 B v, X0/, A5 %R T A A Ak
HITCZ MR AR S [T ] AU R 2 24 (A SRR 1)
2017,53(3):308-315.

JAZ2%, RS, TR, % A JIHLIX 1.4 ~ 1.5 ka B.P. 01 [0] 2
TR A A RIE B AU B L[], Bk 5 3R 558, 2019,
47(1):64-73.

Zhou W J,Lu X F, Wu Z C, et al.Climate change of Zoige Pla-
teau since Holocene and AMS radiocarbon[J].Chinese Science
Bulletin,2001,46(12) : 1040-1044.

Berc B, MR, TR AF L R R T AR AR
FEMER oy R K e S [T]. P E R 22 D M Bk Rl 2
2012,42(9) :1441-1449.

SRBEI , SREHE B, A5 R I AR I R A SR R A A
A 2 [T ]. 542858, 2019,39(4) : 1018-1033.

XME A A /NG R AT HOR TR SRt 8 RRLRE Ak
FAEAE B AR B LI, MR CH RBRF R
2020,56(2):180-186.

Sun A Z,Feng Z D.Holocene climatic reconstructions from the

[50]

fossil pollen record at Qigai Nuur in the southern Mongolian
Plateau[ J . Holocene,2013,23(10) : 1391-1402.

Z#/ANG, ik BB R AR AR R AL e T 2 R X 4
Bt AL 1] S AL ESY, 2015,35(6) : 1509-1524.
XL PIER U 155 9 o JRUIL AN 4 b 14.5 cal ka BP LUSKA +-47
Wy B SR AR [T, 8 A2 4435, 2014, 33(4)
681-692.

WRAR S B Rl T2 55, 45 T I AR 10 b T il - KU TR
TS P AR DOR B AR AR [T ], P b5, 2021, 41(6) :
1-12.

ARYENG AW AR S, AF I ] G ORI SR 1Y 14 cal
ka BP AR A #l A0 =0 Ao 8 40 Dy s [T ], 56 PO 22 5%, 2021, 41
(5):1229-1243.

IR, R A R G A D 20 LAk PRI i A BIF 5 Uk e
(I, Evb#E,2022,42(1) : 175-183.

EHM LRI, A, SF S T X T 8 OBURL EE
R B oty S 2 SCLT ). T 5 X 9Y, 2016,33(6) : 1150-1156.
Wang W, Feng Z D. Holocene moisture evolution across the
Mongolian Plateau and its surrounding areas: a synthesis of cli-
matic records[ J ].Earth-Science Reviews,2013,122:38-57.
LG, T L 00 /N A5 VRIS Ut A T KU E AR
Vg A AR By R B R SCLT ]V b T 5 5 Y 20 I
2018,38(2):175-184.

AR B LR, L T R T R GRS W 21 5 eI
X AT A e B [ 7). RS2, 2014,32(35) : 35-40.
WRF5 B, 2 0 VA K, A i O AT A I 4 i LAk 1Yy
IS TR PRI 8 AL [ ], 98 9 1 5 45 55 DU 242 B S5, 2010, 30
(6):35-42.

BRNE , AR, U, A BV Sk AL A T VE AR IR A A
L3R AY 6.2~1.3 cal ka BP IR BT [J]. m e T2 41,
2020,26(5) :592-600.

TR R, BRI MR A A SN 1.5 T4 LUK A1 B 43 Bt
e IR IR [T ] HER L2, 2004(1) :65-74.

XIPK, eSS , P AR, A5 . RN b T A8 e ) TR R U
SIS A SRR AL AL [T . 15 4 5T 5 5 D 42 5T
2013,33(4):125-134.

TRV 2, B AR B, AR, 45 LR £ T DU I T 12 cal ka BP
VIR A AR [T ], P 715, 2019,39(6) : 66-75.



20 h B 0543 %

Geochemical characteristics of major elements and environmental
evolution in the Holocene in the northeastern Tibetan Plateau

Hu Mengjun, Zhuang Jing, Sun Wenli, Zheng Dengyou, Ji Tianqi, Xu Aokang
(College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China)

Abstract: Based on the analysis of the content and ratio of major element oxides from the aeolian sand-paleosoil
sequence of Zeku profile in the northeastern Tibetan Plateau, combined with “C dating, the geochemical charac-
teristics of major elements of Zeku profile are revealed, and the environmental evolution in the Holocene in the
northeastern Tibetan Plateau is discussed. The results show that: (1) The chemical composition of the sediment
is mainly SiO,, ALO, and CaO, of which the standard deviation of SiO, and CaO is higher and more sensitive to
climate change. (2) From the bottom to the top of the profile, the contents of SiO, and Ki decrease first and then
increase, and the high values indicate a cold and dry climate, while the contents of CaO and W are opposite, and
the high values indicate a warm and wet climate. (3) Since 9.4 ka BP, the climate of the northeastern Tibetan
Plateau has undergone a transition from warm and wet to cold and dry, which can be divided into two stages: the
warm and wet stage from 9.4 ka BP to 4.2 ka BP, and the cold and dry stage from 4.2 ka BP to now. There are
sub-level climatic fluctuations in 6.6—6.2 ka BP, 2.4-2.0 ka BP and 1.7—-1.5 ka BP.

Key words: major element; Holocene; environmental evolution; northeastern Tibetan Plateau



