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Fig. 1 Location of the study area( modified after Chen Andong et al. , 2018)
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(a) Qinghai—Xizang( Tibetan) Plateau; (b) Qaidam Basin; (c¢) Chahansilatu Playa; Red star indicating the sampling sites
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Fig. 2 Photos of salt-bearing profiles and main salt minerals in the Chahansilatu playa
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The profiles are D18 (a), MXK2 (b) and DI2 (c); photos are showing halite crystals of D18 profile (d) ; mirabilite layer with halite of D18
profile (e) ; thenardite, mirabilite and gypsum of MXK2 profile (f) ; gypsum dating sample MXK2-3 of the MXK2 profile (g) ; mirabilite layer with

halite of D12 profile (h) ; gypsum crystals in the mirabilite and halite layer of D12 (i). Gp—gypsum; Ha—halite; Mb—mirabilite ; Td—thenardite
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Table 1 Information of salt-bearing profiles in the

Chahansilatu playa
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Fig. 3 Lithology and dating results of the profiles of the Chahansilatu playa
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Table 3 Dating results of salt deposits in the Qaidam Basin since the Early
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T R (26.4) B0, 27.624.5

4 SFiie

4 Seik AR 2 b 2h 8 MIS6 1L
SRR ER R 5 vk R RO B

Hh I T LR 114 75 9 s SR vk
HC 2 g 7 (it HE AL, 2002 5 W it
45,2005 ; &I AR A, 20115 fE Z A5,
2011) , JLH A MIS6 LAk k) vk 381/ 1]
VKA TR AR K AR fh th L 2 U
TR IR (225 45, 1991
TRAR 25,1994, 1997 ; Jiti AfE XL, 1998,
200256 B %5, 2019) . A, T 4E
O, BRI F b LR BN ) R I AR
2 (WP X AE, 19935 B LSS, 2007
Zhang Weilin et al. ,2012; Wang Jiuyi
et al., 2013; Chen Andong et al.,
2017 ; 22 AR 55,2017 ) [l FAT T A
W S8 TR R Za b LR 1 55 7 s o i S DY
20 PR IR AT ) 1) 5 255 6] b 1 R G X
k.

.1

R T K STk R F AR 91 5 AR
UK MIS2 #4753 b, 1 & X 2 A4 3
AR AR R UK 1 0SS IO RRURIT I AR 25040
AT T RS (R 3) . RERFEIA R
FREHE 7R 48 35 A 235 b VG 3 £5 W9 7F
MIS2 ¥4 A R TR, A B ER WA A
Bl AT ) £ DOR; 76 MIS2 H 3 5 189
MR ZE 4, TR ALY 5k (£ 3)
T 53R A 235 b AR T 88 SR T R ) R
B, 7 ULSF 45 (1995) 14 4 H 28R VT 3k
WYY R ER T :31. 0~25. 8 ka 24.7
~20.0 ka .19.0~16.5 ka 1 15~8 ka,
Horp K L8R o) 78 MIS2 JE Rl , 7F
AR 2 AL IR D18 T AY A
OB I T AR K vk MIS2, 5 4
KRG HL AR VG AR ER W AE MIS2 i B
ERRUOBUZ AT AT LA, BT LA, Seak
KA HAR  PEHREL 72 MIS2 ¥/ A
ORI AN

EIECEE — R VK] MIS6 4835 K 7;
PG ERER W8 A SR U, A oG ER 2
DU AR BUHE © 2 R G0 A 2
(BREAREF,2017) , A3, MXK2 #
T A D12 50 T 04 1 A R SR AT L
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X o T EIBCE Rk vkl MIS6 , 5T A FE 4L PE 241
WIS T RS TURVEAR — B0, TP El SG-
1 B FLFER 37.2~37.25 m 1 37. 60 ~37. 65 m H ¥
A B MR T R R AR A ) TR R AR AL
24747 185 ka( Li Minghui et al. ,2010;Zhang Weilin et
al. ,2012) , —HEF 15YZKO1 £FLiER 72. 0 m 31
AT AR AR T MRS A0 Th AR AR A A TR
MR H AR A 173 ka ( Chen Andong et al. ,
2017) , KR MRS AS 170 Th P A 505 4 143
~195 ka( TR E45E 2011) . DA b ds 2 0 s pg £
WATE R UURR A AE DX ek o] LAAH AR IE, S8 76 £ 4
R INAETE MIS6 AUTERS TR,

FEF B AR U 28 vk 5 SR X G R, AL
WA BB UK MIS6 LLSK i X B 5 58
(FR4), HeHOZNT LT %8, W50 DU 20 (31 5505 — ok
1] MIS6 FIA R vk ] MIS2 & 483k AR 7 1 9 > 1 2
(I RER I . R VR VKO MIS4 585k A 75 Hh 75 45 45 19
A ERTURR (OIS 2007 ) (HA AN MIS2 3k . AR IK
(] VKA MISS 535 A 23 b 7R Bk 1) 390 v 080 v 32
W ( B3 0 45, 20105 Fan Qishun et al. , 2010,
2012) , ERUTRE D, MIS3 AN MISS 4555 1 iR 1T
W B, ST R 4R 15 BLER DUR, i S A 0T Hh B
WATHT L 5% (KR 4R-F-45,2006) . MIS1 B BVA F Ak T
E KA, (ER AT SRR /N KA B vk S R 4
T VK IE SRV B B, S0k R b BT R M T AR
KAGREHL, T MIST HEA S3rtH RRR (8.5~3.0
ka BP) fFB9FE BRI M BE (7.2 ~6.0 ka BP) (it
KEE,1992) , 58 /R FER iz W (29 8 ~ 5 ka
BP) JEAHE A (R WLFF4E,1995) , BRI IR BEA
FFERDUER

RS2, XX H o 28R AEAE LA [l TG 5% 1
O R A VIR Z 8]« S f—H i — I8 e[l il
AT AS S 2 Tl B A i — DR 35 5 Mg 565 DU 22 34
E] AR AZ UK | Rl K R A A 0 B 52 K1 RilK R 25 52
M 558 /I8 R R W90 T RE A 7E A [ B4 2R TR AIE 5 B[R] —
AER T AR TRT AT A 1WA RO R i % ) R TR R
TIE AT REAFAE X531 3 OB 55 DU 28 224 v 30 1) I 3L 1 55
AR—F, i L) vk 39 i i e vt R B 2 4 s D
A ERY € GALEI e ) e I Bu S 2 B 4y s N =Y Y
LIRS R R T B R E
JRIPRFAE o D15 0 3 i K A R 3 — Rk 2 )
MU et B — 2 oe . BRI, AT X H
AT XoF M S5 U 20 00 10 32 UK 1 kB e ok 3 T e b
SR BRI DX 17T R — 1) A L 5 T R —
SEAEH
4.2 BpEMESEITERRTIRAIEHIER

TEM RGBT, e v LU i Kk 25 & Rk 4
HF T ER KU ( Warren, 2010, 2016) 8% 6 % 45
(2015) P15 AR A5 S8 35 AHE DU 20 45 ) 7 3 17 1R £ 28
PRI — IR BE R 17.9~38.2C , Il H 34.0C ,
A I T A A A A SR A R e KM
Sk 35.6°C ~43°C, J W H 5 A I 6 S R Ak
T8 R IE (Sun Xiaohong et al. ,2017), It
Ah WA TR 2 I A ik LUK, 5 1T AN 25 R 3 ke
R TR B F T (AR TR KT
R RN (K2 B4 1992 T 55,2001 5 X1 %k
2,2007) , AH AR A R 6 T 7 0 e B RTS8k R
FE M7 UKV K I 25 1 R W90 B EG v 1 i AR DR,
TE M5 DU 28 R 3o A v, v A R vk |35 30 T e
(R TR Z AR

R4 SEIAARRE M MIS6 DSk IS B Fk X L AR
Table 4 Comparison scheme between salt-forming periods in the Qaidam Basin and Quaternary glacial periods
in the Qinghai—Xizang( Tibetan) Plateau since MIS6

AR (ka) | MIS 9 5 SR vk SETR R Z M R W 5 ER TR
0-10 . [E1 VK3 A 5 /NI | B vkt FERME T ARG, TR A R L £ (B RLAE ,2007)
3t A vkt B IR T ER I AE 2 th R R 301 H8 BRI 300 (Ot P RV | 1992 5 3 L5745, 1995)
IR« st R TR A S A A ER DR R R A A B AR TR,
~ oKt KB T (LG : ‘ A
1-28 1 2| YD kit FEAKET KKK (LGM) SRS 4E 15 ka BP AT K TRLT-Sh0E (HOBES 2007
_ TR T < AF X A 55 , S VG ER A Eh WA A AR U
. ) 73 S 1= 5, / s
2~58 | 3 3a il 3c B, 3b it AR B T L 475 2006)
58~75 4 RWFVKBY FRER AT AT, S5 TE AR A ER DT
75 - 125 5 AKX EIPKHA :5a . 5¢ e 0 TR FZ 0 L AR A R PR S A TR U 32
1 5e BB, 5b 1 5d AHXT SEVUER A A VU, AR AP A DR R D
130~191 6 IR — vk MIS6 BRI . LE VG ER A A ER DR, A ER ) H IR A TR
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R 555 0 20 S X SR AR L 28 R DURR T IR I
A, S5 S vk 391/ T pk 30T 1] %o 46 28 TR A 2
VR o 785938 R 73k 1 R 5 8 5 i, L2 Dok | il
IKANG R AR, LR TR SR 32 2 vk )1 T B
(A5 M, JFC B 30 0 2 32 vk B, AR IR vk R
( Last Glacial Maximum , LGM ,24 ~ 18 ka) ¥ 3 i3 JR 7K
JTEBUE AT 7.5 4% BB R oK1 MIS6
VKON FIABEEL 28 | LOM IR BLR (25 55,1991 3k 14
45, 1994 it i XA, 1999) o 45 T2 A AR E 3
7K P52 S LR BB L bk A LU Dk TR 7R 4
LL b 4 K 5 B Rl 7K R R SRR, KR BT kA8 TRl ok
W€ P15 5T AT, B T e 3 ER W 1 AR 25K
i, TEAI UK MIS6 FNAR YR vk ] MIS2, 1F Jy 4% ik
AR ZE M 2K PR AN G DX A% L AR & L33 ke
FYUESE (X I 445, 2001 ; Zhou Shangzhe et al. ,2002;
Owen et al. ,2006) , VKHAVR PRIE T vk Uk B A AL
ik ICAZEH R K S /D | B 205 | W K ik 4 Ak
FEAGE, WERHBLEINRN - PEHEEER
(Herrero et al. ,2015; /R % 7= % ,2017 ; Chen Andong
et al. ,2017) . H4b, 7E MIS6 FI MIS2 1 a] i) 4 i,
o2 T R W P e AR P v i S R ER DT Y B4
R o 4 BRPSGHE BOF DR A7 B0 SR A 405 S8 7 M IX
TE MIS2 F1 MIS6 [ £ /0 ikF] 6~10°C,

DUl IG5 DU 20 f3 505 — IR K MIS6 A ¥k
UKH MIS2 3 DL ¥ T R AE (2275 19 4%,
1991 ;¥ £2 45, 1997 ; it Ak XUAE | 19995 £ 0 R 4%,
2019) , AR FERZEDIR . FEAEIEE vk MISe,
T e AR SR AR AR LE B ARG 8 ~ 12°C, FRK &
W (25 A5 1991) o A BFGE R W9 8 )R AR
JLFEAE MIS6 [ 12°C DL b (AR 45,1994 ) | K,
AR AR U UK I 00 (0 ) 45, 19945 X IF AR 4%,
2011) o TEMEIECE — R UK MIS6 , 483K K 7 b 75 &5
R AU, — B ZF IR R IR MR
AT TTR (PLRHXSE , 1993 ;38 KUE 55, 1995 ; v it
45,2007 ; TR WEAE 2011 ; Li Minghui et al. ,2010;
Zhang Weilin et al. , 2012; [ % 7= %, 2017; Chen
Andong et al. ,2017) , TEAR K VKB | 75 5 = J5 7
VIR 7°C, Bk & HAA BUARHT 30% ~70% (2575 1
85,1991 5 it HfE XLAE, 1999) o 7E MIS2 W% T f
T SRR G LT BT A A A ATt P
T AL T L M ( Chen and Bowler, 1986 ; 4 PR #iX
45,1993 iKRAR IS 45 | 1995 5 LAE | 2007 5 % 4R 4
2017 ;Chen Andong et al. ,2017) . T BLAEvKEN i
SRR VKA MIS4 B BERA & LGM , {H 208 B

FRT LOM (B2 55 ,2011) . MIS4 1) i & e 1iF
TERIE A [l 22 i 2 A B 2 1990 5% ( Lisiecki and
Raymo,2005 ) , i B 1 B2 4 AF 76 75 980 /o JR ok 1 |0
A A o m (B AR 4, 2001, 2002; Yang
Jiangiang et al. ,2006; F 7% %%, 2012; Chevalier and
Replumaz,2019) , Jt A7ESE IR AR b MIS4 1R TR
Al MIS2 ik

FE I 25 Y RIS 72 06 26 10 22 vk IR /K e 1
AU AR S5 3R R F b R I UK R K
A B K S A JE AR ER T KA TE . 2870 %
0 1t XA 25 [ K BEAR T 20 mm (5K 3235, 1987) , [l
REHA LD H WS M XA K 23 2 240 mm
(Yu Lupeng et al. ,2012) , 7 Hb NS 09 TR K A0
FH 7K AT LA 52 ) 21 650 B ok Ak 2= 21 il (2= 1],
1983) , {E AL AR XL R — > Fh 3 X 9 KW AP A,
DA, SRR 35 b R ) i F B K IR AR 45 18 2k H &
MR LA (32 DL 55 45, 19835 5K B2 3%, 1987 ) , il it
Hi AN T AR R BRI AT AN . A SCTREE R A W
YR KN T A ER I AT A A (R FRATTRT LA
YGRS I FAR KN X =W X (575 J9 /R IR 5
FRAR b £5 W X)) B &b 25 1 DR 418l (1 4, 3R
5).

R 5 SEIAARE i = 55 3t X 2R 8 R N GRS
Table 5 Salt lakes in the Sanhu area and

their inflow rivers

U mwk | emmkemsE | AW
o

BEAA ik PR 5 T AT

1| (REHTIRR et R
SRR - FASB A BT
| mmGEEw | it s i%f&g;ﬁ

FBE) R A

T 7K
| RIS | ik ER A | AT S
HOAATM) | Bea R Ay | A B

= X 3 AT AR B LB A T
AR 2 EE R [ 1L X oK1 Rl K AR AR K
(3= WLFF5,1983) , i A /D i i FAR K L R /K (]
KR 20025 F AR MREE, 2006 AR TESE,2018) , 1E
VKB DK R P RS 5 RN 3 26T i, X 7K R
Sy UATEAIE AR AELE L b TR HE S8R AR T 9
R R PG, = Ml X R 45 K I A R
Z— (WPRHXEE, 1993 ; Chen Andong et al. ,2017)
P R Morb 25 5 =X WK AT DL s A it —i S —R
P 3R —— B2 b 7 ) E 2R R ) PR LR
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Fig. 4 Diagrammatic sketch of interactions between salt lakes in the Qaidam Basin and glaciers on the Kunlun Mountains

o5, DR, LRERWA 09 3R TR 5 k)16 s A Bz
MR, BEAh, IR ME  Hifg | 7 8 M R R 45
£ T 7 B 585 U 20 1) Jl ks Bt 5 I A7 A — 2 B X
KA (WREARAE,2017)  (HBAR R 25 S A 15 i
— AR,

JE A T 5T 3¢ BH 4 58 R 435 A ik 0 s 30 < v
[fii” ( Phillips et al. , 1993; 5K & 4 4%, 2007 ; #% —
%,2018) [HIEASCIN Y F /D MIS6 A1 MIS2 114 vk 1]
AR T m " i B, AR AE < T R
A=A vk, Hean AR R vk MIS3b vk, g R
A R TR MIS3, 75 98y [ G bR | FL AT HR AN
YA LA B S 35 R 2 1 R 1 L B v T8 TR (R 4 OF
45 2006 XN 2 T 45 2007 ; Owen et al. ,2006) . It
Hb RURIAT UK A MISS 28 35 A 435 b 58 T8 B 32k 54
B, HEiC &AW R R0 F6R WITEAR KA
UK MISS HH 30 5 30 16, X6 7 9 9 92 Ak 3 (A I
45 2010;Fan Qishun et al. ,2010,2012) , 1 v H 4
VKIS TE 5% MISSe 7 6k i I b 3R 78 THIR 5°C LA (1
FEAR S5 | 1997 ; i e XU 55, 1998 ) |, £ MIS3a £l MIS3c¢
e B 3°C i 4°C (it HE LA, 2002) , 34 Dk B2
LI EFSE I MIS5 I MIS3 iR J3E T i £ B 2 5k
AR KA TR T4 T /9 MIS6 A MIS2 7R
X B S AT

FEFLERAR M ER RV SR KR,
ASCN R e S R RBE I, 4 BRAR IR X T 48 ik A 4
MR VTRV AR, 38 BEE BRI 40 ok

I e o ) R D A M e Y, A BRI S B SR K R
o R T R R R K B (1) R 4R 45, 20145 Yan
Lijuan et al. ,2015; Bibi et al. ,2018; Li Huiying et
al. ,2019) . 2k H VKR B FI R AR89 /K A IE A 2R 181
VIS I A i RS N VA o QTR AE A 1 - N
X R e D 1 44 3 R 2t 52 oK N Rl K R 26 1 R
), kAR AH] T ARSI, o B HEEIESE
K H 1989 AR T 5 1R w5 vk ERAE , &2
SRR R R BK” FF, e i 2 A ER K
o7 bk A0 A R AR (UL 5T AR, 19955 BB A,
2007) o ANFT AN BE A DK FlORI G 7K i 38 o
T AFRI K R ] LA R 38 2 /Y h 26874, JF
AR HE 53 [T 0 2 Ay A EL 1) 8 XA i AR A
8 AEFR TR IR A SO TS IE

5 %5

(1) ZF W hi B & B A E1 5 — vk MIS6
A YR VK3 MIS2 B 15 fi F 7 3 2. s it i
MXK2 1T A A M AAE D12 1) e il 1 iR
ARAT LA I T EIECE Rk vk ] MIS6 , AL U1 D18
BT e A A TORRAREA AR IR VK MIS2 B

(2) X T 538 A 3 b 2 DK | Rl K R0 25 R i
FLRCER A 00 5 52 2 UK T I 52 e, 30 85058 — R vk 4
MIS6 FIA YK UK HH MIS2 Sz 48 15 A Z3 1 o0 22 1) ol 3
W7 7 1 VE SR R W 4 A MIS6 A MIS2 Ay A4 R IT
R AN BIER T8 7 22 6 FE A ER VAR, AWK ] vk 3
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Evaporite deposits in the Qaidam Basin and their response to Quaternary

glacial climates since marine oxygen isotope stage 6 ( MIS6)
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Objectives: Climate is one of the dominant factors which control evaporite deposits in Qaidam Basin, but its

mechanism remains to be clarified. The aim of this paper is to make a comparison between the evaporite deposit
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period and glacial period since marine oxygen isotope stage 6 (MIS6), and clarify the role of late Quaternary
glacial climate in evaporite deposit.

Methods: The authors took 3 salt-bearing profiles (D18, MXK2 and D12) from the western Qaidam Basin as
the study object, applied multiple collector inductively coupled plasma mass spectrometry ( MC-ICP-MS) to obtain
the salt deposit age, and applied X-ray diffraction (XRD) to identify the salt minerals from the profiles.

Results; MC-ICP-MS U-series dating indicated the deposit ages of D18 profile are 13. 1+2.0 ka BP~15.9+
2.5 ka BP, of which the mirabilite deposit belong to the late stage of last glacial MIS2; mirabilite deposit ages in
MXK?2 profile are 131.7+39.5 ka BP and 158.3+10. 8 ka BP respectively, mirabilite deposit ages in D12 profile
are 166. 6+20.2 ka BP and 198. 0+20. 6 ka BP, which can correspond to the penultimate glacial period MIS6.
XRD analysis confirmed that salt minerals in the 3 profiles were mainly mirabilite, halite and gypsum.

Conclusions; Combining the study of this paper and evaporite deposits data of other salt lakes in the Qaidam
Basin, this paper proposes that the penultimate glacial period MIS6 and the last glaciation MIS2 are two important
salt-forming periods of the late Quaternary in the Qaidam Basin, and the cold and dry climate of the glacial period
is favorable for salt deposits such as halite and mirabilite. The fundamental reason for salt deposit in the glacial
environment in the Qaidam Basin is the expansion of glacier scale in the surrounding mountains, and the dry and
cold glacial climate, resulting in the reduction of the recharge volume of the salt lakes in the Qaidam Basin.
Besides, the temperature decrease during MIS6 and MIS2 is the direct genesis of the deposit of cold-phase salt
minerals such as mirabilite and epsomite.

Keywords: Qaidam Basin; salt lake; evaporite deposit period; penultimate glacial period; last glaciation; U-
series dating
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