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Table 1 AMS"C dating results from the SDT and DSTK profiles

S G Fein s R /em DR H 8"C/%o "“C/a BP K IEAF#Y /cal 2 BP
449511 SDT-14C-03 117—119 HHLE -23.9 3620+30 3958+107
449514 SDT-14C-12 272—274 LELY/E LN -23.0 441030 5040+170
449515 SDT-14C-17 296—298 TPy ER R -24.8 4570+30 5258+177
449516 SDT-14C-20 323—325 HHLE -23.8 5470430 6260445
449517 SDT-14C-21 242—244 LRI -22.6 383030 4243+142
451588 SDT-14C-21 242—244 B -25.1 383030 4243+142
422372 DSTK-14C-01 41 AHLIE -23.2 440030 5038+172
422373 DSTK-14C-02 87 AHLIE -222 5970430 6810+75
422374 DSTK-14C-06 160 HHL -22.7 7570£30 8380430
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Table 2 Grain size components from different layers of SDT section (%)

W it Kb Weanp 4nwb b btk WA RD
<Qpm  2—63um  63—I25pum 125250 um  250—500 um  500—1 000 wm 1 000—3 000 pwm
SDT1 e KAE 1.45 19.24 24.25 50.20 20.12 5.53 2.59
o /IME 0.02 9.74 20.30 40.44 14.08 0.00 0.00
A 1.04 13.69 22.49 46.12 15.96 0.48 0.21
SDT2  HAMH 3.33 30.51 24.36 47.36 18.62 2.01 0.95
/M 0.70 13.20 18.72 32.86 1.18 0.00 0.00
FHE 1.95 20.58 20.79 41.17 15.40 0.09 0.02
SDT4  FkfH 7.49 58.93 29.73 44.66 20.56 3.80 2.90
I/IMA 0.91 14.96 14.47 11.03 2.62 0.00 0.00
SEHE 3.15 28.20 22.85 34.73 10.71 0.22 0.15
SDT5  HAkfl 7.66 64.13 34.36 49.28 19.06 2.10 0.00
e/ MH 0.69 8.67 10.64 12.22 1.74 0.00 0.00
S 3.23 34.74 2432 29.96 7.64 0.11 0.00
SDT6  frAkfl 422 38.66 34.10 55.77 22.11 0.00 0.00
e/ ME 0.10 7.90 14.01 30.29 6.40 0.00 0.00
S 1.16 15.49 23.90 45.06 14.40 0.00 0.00
ExllTE TSN | 7.67 64.13 34.36 55.77 22.11 5.53 2.90
/M 0.02 7.90 10.64 11.03 1.74 0.00 0.00
FHIE 2.02 21.76 22.40 40.20 13.45 0.13 0.05
B, ERD BB B (K (b D AR 8 4 (CIA=ALOy 225, HiT e & S MRS A e R 2250 .

(AL,O,+CaO"+K,0+Na,0) x100) £ 44.27—64.28 74
b, ¥ A 50.84. AN WAAHUUAUZ o (52.11) %
WL TR A E b P (46.10) B IG5 B AR R 5
( (CaO+K,0+Na,0)/ALO,) 0.53—1.58, ¥ 4 (& H
1.03, B0 8 4 v (1.43) fe ey, )i AR DT AR 2 e IR
(0.87) ; 45 81 I (ALOJ/K,0) 4.59—6.30, “F- ¥ {8 Ky
517, A DURR R B (5.24) 59 K B T R R
1% (4.88) 5 BE 45 1L (MgO/Ca0) 0.14—0.90 , - H {4 Hy
0.31, ] i AR UL AR )2 B 5 (0.36) , 10 T 3 4 v B fI%
(0.18) . A UL, # & JC R A AW LU AR AEAS [R] T AUAH
T HA AN AR A (& 5) .
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SAGEAT R B R TR S T R R R
HIUR F ALY B B & AR AR AR AT AR R B A
25, R AR R 22 8 5| A2 00 &R U (E N 2
Btk — 2 AT 7. Ak 2E AR FE 5k (CIA=ALO,/
(AL,O,+Ca0"+K,0+Na,0) x100) , )z W fk 2= X 1k F2
JEUS 38 H CIA<SO AR Y HL AL A &, CTIA 75 50—
60 1% Fe 47 %5 1k 2% XAk , CIA 7F 60—80 18 3 H BE X
b, CIA > 80 X3 i B A2 KUAE =, CIA B &,
R A Ao R B VR PRI T HR R B KU
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Fig.4 Variation of major chemical element oxides content with depth in SDT section
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Fig.5 Changes of major chemical element oxides ratio with depth in SDT section

Hor CaO 7R 2 bR A0 FF i rh B 12 6 R R 0 45
W Y CaO 75 i, A8 R H Mclennan ™42 Hi 4 7
hEATRIE o FR A & %k (((ALO,+Fe,0,)/(MgO+
CaO+Na,0) , I e Ak i 72 s BUIR B, mT AR 3R Ak
SRR R (R K2 B Ak 2 XUAR A FH B A, <00 B
12 B IS %L ((CaO+K,0+Na,0)/ALO,) , i Wik
S SEMA s Z MR, AT s R e TR AR Ak, I
EAE /R IR > . R4 EL (ALO/K,0) , R B
DU IR DX Ak 2 XA B R e BH XLk
FE R, M MR Y RE R ER R (Sioy/
(ALO,+Fe,0,) )™, I WLUT ALY v Ak 27 o0 R ik i AE
FH HAE BN | $8 7R S ORI . BE A L (MgO/
CaO) , 7E AR TR H B WA I A AR ik R 5 155 I , 35
I8 PR 1) T R A A LR R /N 2 B AR R v T
RS TR 48 78 A TR AR fb , B R F8 7R
SRR

FERE R R () S SRR B K S 3G I, b 3R
BN, LLRE B RS AEAE R 15 1R 4 43 (1 ALO,)
AN WA R AT 2, i S 2 3 7R A DO AR
AN EE i, TS PR AL 4 (A K Na Ca) 3222 DL &
B, B UUR™, L, 6.2—4.2 ka BP #17],
CIA {H 7% A Z BORN B A HE AR X f 5, 3R Al 38 50N

FERAR R AE AR BAIG, P8 MR . SR,
FE AR DUAR )2 SDT4 v 5% FH 22 B0OFN 1B ik 48 i 3k
BRI Y DA OB R e B A (I B Y 1
BB, X520 B CaO R B ETHEA X,
A TR Y 7 i (CaCO,) 11928k U5 A0 5 S IR A
PR R4, 2 A1 (CaMg[ CO, 1) R 5 J2: 32 2
HANIR, — A AR I, Pt MgO/CaO iT B
W T8 I R AR X H AR CaCoO, B i, WA A5 31 K A
W) BT 78 N O, T R R S Y R R R T
Bl AT DL B B Bt MgO/CaO & 341 , R W
U B B A S Il g o 2% bl 6.2—4.2 ka BP
T 18] 30 RROA B3 A 4y, e A i S DURR, A0 L IR
BT EE S

Ry itk — 20 SR DU AR A A 8 A R4 v () KUE AR
&, F Ff A-CN-K = 7t ¥l (ALO,- (CaO"+Na,0) -
K,O)#EAT43#7 "  SDT Hi i i) o] i A - XU I AR =
UCC (& ER P Kb 72 1ot 2% F )&, Upper Con-
tinental Crust, UCC) £ PAAS (J A F) IV Ji5 Ay Hi 0L
‘A, Post Archean Australia Shale, PAAS) i 75l X4k
g—8" AT F A-ON # 3 4b SR A, R
PRI AR L B HEIL UCC, 28 25 PAAS (& 6) , REAWF5Y
X UTER P DLy XA RN 458 55 B WD Ak 2 K R 32



106 ik

7//'\ 7;% 41 %

b FRHE A A2 KU R B BT 3 AS B BT
U oT 2 1 2R AR M BRfE 47 R L& Na Bt Ca 2y
=, i HAdRR X AR E B T Z (U0 Si ALFI Fe 45 ) W) &
ARAE ARG I, BT T 75 1651 380 2 10 Hl 4 3 i D)ok
(R Ak 2 KUK I Bl AT A8 55 o AN [R] T REUAH B A5 1)
Sy A E R A WA DT 5 UCC AH H B 5
PAAS — il , 3 B AT 1 A0 70 B 40 32 31 o 58 14 XAk A
Mo &5 L, SDT i 5 A 4 UM b T 45 K
FEBY B, R A UL R 28 7 T W B AL A 254k
AT FE

ALO,

Kn+Cl-Gs ClA
. 100
80
60 -
050 50
By BEEN
> R+

0.75 O AR TR 0.25

F 3 7 2 7

CaO*+Na,0 025 0.50 0.75 K,0

B=B 2Bk, CI=40R A1, Gs= =K i TI= LA Ks=HH A
Kn=@5U4 41, Pl=RHE A7, Sm=52 i f1
Kl6 SDT #|MHif A-CN-K —JCEIFl CIA
Fig.6 Chemical index of alteration (CIA) values and
A-CN-K ternary diagram from SDT section

42 FBWMED Mg 2 LSRR AR IR
E

FIH SDT HI DSTK 1] T AMS"“C 4545 S 7
PEARE , 456 SDT ) ifi b B A8 A Rl T R (1 484k
Yy R O, A T I A v b 8.4 ka BP LK
DU .

8.4—4.2 ka BP, & & 10 ) i 1 M, K A0 AR A 55
AR S A O IR R E . Ho 8.4—6.2 ka BP,
TUBURE A A7 7 300 W0 AR TR 0 R XUSGRD B2 ME L,
WD 5 T U AT, A AR R, 3R T B R
B R AT S b, R A S SR X Ik 12z ) 1 <
TR

6.2—4.2 ka BP, & & 1 i A LA, 4040 AR 20
b5 T AT BAI, b % B A X 8, Si0, A1 ALO,
SRR . ot 6.2—5.2 ka BP ], T ARTICR
B AP URAE VTR, B BRI JE K ] fE

SERAE TR MR #, B AEHE ] RE A R Fe &
A g, 5 AR TR Z M EE , CTA $5 B0 ik
BRAER AR BEES LA AR, 2R WA 2 ) B A AR X
W& 1 ;5.2—4.2 ka BP, & & NTWIAHDURL, & kit
FAUIRE B L EgE T E BB, BAR ALO, .
Fe,0, il CaO & it A P FE AL (B4 T T R E ALY LA
B B ot R WA B SR AT Ak 2 AR R
25 1 B B AR R R R

4.2—0 ka BP, P\BR A7 TR AR Sk b it B 4= 17T
U R 0159 % B i BHEURGEAE . Hirp 4.2—4.0
ka BP, R R A UUAR , 35 7m0 1 H 12 Ak 5 45 5 4.0
—0 ka BP, VTRUZ (i A b s L 0T m 55 & &
W R EUTRUL AR R A oy LA ANRD FAR 4R K 32
Hb B R TSR OB, B BT R A e
Si0, Fl ALO, 7 i ARy, HoA TR (1 8 AL Y W1 i
AR, WA IZ BB R BRI e KA, B T E
AR, CIA TR B A, RERR AR R R BAR X 8 5
FUb AT M AE R SS , AUE AT, 2
R FEAC TS o 28 1, DB B S B0 B o T R A
TR,

25 F TR, 8.4—6.2 ka BP K& M i1 - KU AR
HJRUUR, H8 78 S il W VR L (H B B ] s 6.2—
4.2 ka BP, & & A AR TR sl - B80T RL, WA K
s, RES ;T RS2 KA Y B (R 4
A I8 3] 1 o A A 2R IR K, 8 7R A M A X
MRVE . 4.2—0 ka BP MNAR AT YRR 00 ot %+ U0,
e 1 59 & Bl TR AR 4 5 T A AT
FRE ISR KA R B, 3B 22 X 55 , K /b, 3R B
SAEET .

4.3 UARIMEFIE SRR AR KIS e

FETXF SDT A1 DSTK i) 11 A4 1 J22 FEAE AT 7Y
AEAREE , LA K SDT Tk B 40 7 i e 2 M H
(LA AE AL s 1 AT 2 B0, 5 X 7E 8.4—4.2 ka BP,
KB D 5 78 SR IR B ,4.2—0 ka BP,
AT DR AR SR b i - TR, e 85 R B ol
TIEPOREL A F8R SARAXT T . W IR — 4
SR FEME 6 E T A AR DX ) HA TR S

(K = = VA R = R i B M= o S I R e 7
B USRS — vy = 330 1, 30 S5 1) 7 TR I 09 AR V0 L 7
PURRIREE R 2V (8 7) ,7E8.4—42ka BP K B iy
s S hoa- Nt WIEVNERN MR AE=x ies: )
HORTE ) HE S . WWHHDL #H I EZ4) 42 ka BP X B



£ 6 1]

WRZR A5 . 75 W) 7R U ] T8 — XU TR S B4 v e A 1 DR BRI5 28 £k

107

59 %8 W R 4, HARUH BB E B4, X n]
RESAFARIR 2247 5, 9 XU e b R AL, XL

. {E8.4—4.2 ka BPIH], BARA A B 548 Fi
SR AR 22 5 B AT R S T R R B T

BV A ORI AR AN 38 43, DT A AR 25 el AR AR
o KT8 DST3 DST4 SQG CGE QHH HHDL KTN SDT DSTK
; - 240420 ; 111060 4 31308490 | 3; i § 2038172
. 4900100 7. 7 ] & 2040490 [[[|[#4330+240 |- q1000£100 fxk: "o [681075
Lt é 530840 7 ;g; poasr2 | 3250490 i%gg%%% 8l 39582107 [ 350230
?260%200 ) % X#5700+55 | 53 4260280 23900300 ]
% 5 i;ig . [2#4780+70 / 5088+212 || =
4 / S 1930460 B -
3091 12 7 5775373 5 T 112002500 kel 42431142 -
42270130 / 1370£70 0510251064 20, 10 BA = 5040170 |
5076211 f24 . Fa-]5258+177 L=
K 3782485 (4 2775+32 R ] 6260445
84744285 §§§§ o 800237 | #9710£570
Slgo66 [R5 ) ' i
=5 9087 9 (% 833348 L
o 8265531 (¥ 546257 “i i
; EE:: 106404580 101504570
o 1250060 28 i E o
L4 10820730 ¥

gl
P A Ry [ #bmces -t [0 %+ BZ2A wmss k& L4 227 Bty Lo R i b [ Wabi- RUR B TR0
T I rasmmivei [ ] K-S iR = a4 iyt o ] AMS“C [= ] OSL [[o | BiEMI4IR

SDT 1 DSTK #] 17 Ry A5 5111, KTS AT KTN £k B 2% 3¢k 6], DST3 .DST4 F1 SQG # i £ % B 22 3Ciik[ 291,
CGE HI 4R A H 2% k[ 30 ], QHH H &k 2% SCik (31 ], HHDL H 1 £ ok [ 2% Sk 28 ]

&l 7

T EE I AR 10 s r e A T LR IKUR ) AR A PR 471

Fig.7 Chronological and lithologic sequence of aeolian section from the eastern sands of

Qinghai Lake since the mid-late Holocene
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Mid-late Holocene environmental changes recorded by fluvio-lacustrine
and aeolian sediments in the eastern sandy land of Qinghai Lake

Chen Dongxue', Lu Ruijie', Ding Zhiyong', Liu Xiaokang’
(1.MOE Engineering Reaearch Center of Desertification and Blown-Sand Control / State Key Laboratory of Earth Surface
Processes and Resource Ecology, Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China;
2.School of Geography and Tourism , Shaanxi Normal University, Xi’an 710119, China)

Abstract: The numerous deposits in the eastern sandy land of Qinghai Lake recorded wealthy information of re-
gional paleoclimate and paleoenvironmental since the Holocene. However, controversy still remains in regional
climate and environmental changes on the millennial-scale. In this study, we explored acolian deposits from the
Sandaotan (SDT) and Dashuitangzuoan (DSTK) profiles in the eastern Qinghai Lake. Eight conventional radio-
carbon dates were utilized to construct chronological frameworks. Furthermore, a multi-index analysis method of
lithology, particle size, and major chemical element oxides with their ratios was conducted to reconstruct the en-
vironmental evolution process in study area over the past 8.4 ka BP. The results reveal that most of the sediments
are at the physical weathering and primary chemical weathering stages except for a small number of sediments
reach medium chemical weathering stage, which indicates that the climatic environment in the study area has
been getting drier since 8.4 ka BP. Whereas evidence from the analysis of each index suggest that there are signifi-
cant differences of climatic environment in different periods on the millennial-scale. Compared with other peri-
ods, the climate was warmer and more humid during 8.4—4.2 ka BP. Among that the aeolian sand interlayer ap-
peared in the lacustrine sediments, indicating obvious centennial-scale climatic fluctuations during 8.4—6.2 ka
BP; the great chemical weathering and leaching condition occurred from 6.2 to 4.2 ka BP, indicating relatively
warm and humid climate conditions and the stable lacustrine sediment. After 4.2 ka BP, gravel accumulated in
sandy loess deposit, and finally weakly paleosol deposit. Moreover, the comparative analysis shows that the cli-
mate change characteristics of the eastern sandy land in Qinghai Lake are consistent with other regions in the East
Asian monsoon marginal region. Highlight the climate change dominate the evolution process of the regional sed-
imentary environment since the mid-late Holocene.

Key words: the eastern sandy land of Qinghai Lake; mid-late Holocene; elemental geochemistry; paleocli-

mate; fluvio-lacustrine and aeolian deposit



