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Abstract: The sedimentology and chronology of the two Late Pleistocene lacustrine strata discovered in the middle of the basin were
studied by means of drilling, grain size analysis and optically released luminescence dating in order to understand the sedimentary and
tectonic evolution since the Late Pleistocene in Qingshuihe Basin, Ningxia. The results show that the lower part is the Salawusu
Formation and the upper part is Shuidonggou Formation, which were formed at 76~63 ka and 25~11 ka, respectively. In addition,
there is an obvious erosion surface between them. According to sedimentary evidence and grain size analysis results, the Salawusu
Formation can be divided into four sedimentary stages from bottom to top, which constitute a complete set of lacustrine prograding and
lacustrine recession sequence, representing a warm and humid climate environment. The Shuidonggou formation is a shallow lake
formed in cold and dry environment. The comparative analysis of structure and environment shows that the formation and disappearance
of the two ancient lakes in the late Pleistocene in Qingshuihe Basin indicate the transition of extensional —compression —extensional
tectonic activity. The two extensional events were the main factors for the formation of Salawusu Lake and Shuidonggou Lake. The

strong tectonic uplift event in the discontinuous period of the development of the ancient lake is the fundamental cause of the demise of
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the Salawusu Lake, and the abnormal cold in the late MIS 4 and MIS 2 of the last glacial period is also one of the reasons for the decline

of the ancient lake. The evolution of the two ancient lakes in Qingshuihe Basin provides important evidence for the study of the

formation and evolution of the ancient lakes, paleoclimate changes and uplift of the Tibetan Plateau during the late Pleistocene.

Key words: Late Pleistocene; northeastern margin of the Tibetan Plateau; Qingshuihe Basin; Paleo —lakes; Paleo environmental

evolution; geological survey engineering
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Fig. 1 Geological map of the Qingshuihe Basin (a)and tectonic location of study region (b)
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Fig. 2 Characteristics of the lacustrine strata in Qingshuihe Basin
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Fig. 3 SEM characteristics of aeolian quartz particles of the Shuidonggou Formation
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Fig. 4 Grain size distribution curve of the lacustrine sediments in Qingshuihe Basin
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Fig. 5 Comparison of the Late Pleistocene lacustrine sediments in Qingshuihe Basin and its surrounding areas

FESERT K, FE S AT E T 4 &3
2T 24 04 5 Sh 2 vh R P b AR R A
WG TR T 22 7 i e D b AR A, R S Ll B 2 ) T
Syt i) LG Sl B K, 1 R TR I 2 A K TR
YLK AR A AST]

W5 S RS SR L IX AE 150 ~70 ka 3T
FUT BRI gl " | S AR At B 5 Tl i) A 2
(BRI b A AR AR 0 S R kb T A Y ] vk
ZRA B 2 X B 2 ) S S B S T
DX 24 i A S R AR R 2T, 70~ 10 ka, FEAR R VK
WIS R, DU T 32 2 ph KU R S AL
B, 2 W3 — [y B vb i KRSk 72 i
K TH] 35 b T A v i A 85 AR ) 5 T 5% 7 1% 53]
i X AR 3 % B A5 , OB R 3 B A R A
SR, A M P R 5 4 IS 7 e R T P R A
SNER, ANFESETET, K ZHTE 63~25 ka

AL S5 R R FE Ve A, 3 1 T OB (R T, 3% B 49
P TR 57T M DX A 1 B, DR I A [B) T, 10
SR TV B A VDI — 8 sk AR TR
U = S IR, — L F] 23~9.8 ka
NPT — IR IR, DU T 4iR% 8 9, iX A4~
() AT LA -5 9 7K 30T 235 1 7K ) 3 2E AR e b X 7 7T 4
EAEI o e et L) S T i 9= VA
42 HEARBIELSHT

BT 1 5530 I A T T R R AL 1 X, i)
A b J2 T A T2 A ] DR R O AR AR AT AL AE I 2l
P T 2 B X AR AT a3, 2 3005 8 9 A9 TR R £k
Pl = 4,

B B T, 7 v L 1 R B T ALV [ 4B
32 B SRR Z2 S0 RN BT 7 3 R A T R AR 1) LY, 7 R
S L T2 A b g L v B A 0 o o AR SRy A e
A W AL M R BB SE R, 76~63 ka



a1k Fo~3

2R PR T B K 3 G ST T IO AR OB B I AR OB BRI R i 5 313

ST, A YR [) I B L 10 T2 ) A8y A5 A Sy ¥ 7K T 25 e 4
BET I8 R AR R RE R R s — M B R B
ShH JRE R A KL ) A A, s a2 R D s A, DT AR
AR, EE S BEREAR T, FiEAE
IREEAERED U, 2o 9170 s A BRI B e
DR TIEZ 167.2 m WEH R B934, 2 63 ka, B4
L3 G5 28 DA A M 2

HRAEDURR ARG 38 A0 TR, #0057 57 25 95380 7 2k
IR R - (DAE 63~25 ka K5 1L W 2LAE [R] 0o X Y
W RIS AL, 2 I TE [F].0 PU e 04 A e 1Y) Ty
ERFHTFHAY MW T EEFRIRY Z 1P X —
i A AR A FR T, W RE R BT B RS 05
WIRTH T, X — B B A DURLE K s R AR, 78 7 0
L RIUN TR ) 5278 | 77 757 Sk b F 30 R 7Kl V8 41
PR EESBEFN S RAZ b, X —Ui
W 2 A s ) R 20 < R 2 M, o] B T R S Ll
S4TE W Tt % 76 2P e T A L o s A
LWL, QB I3 AL IO & B0 T R ml s il 17 X
— I LA T AR YR UK IB 26— B B A W 30, ik B ot
BB T S8 JE Ve M, AT RIS A T A B R AR
ik,

X — FR N 1 — A0 = A T R e R R 2k
HEUEE, 727 H R BOKIE AR SDG2 )
LT RIS Sk iR G, B Rl 64 ~ 36
ka7 0 22 SRR H B e A | T I A b
WAFTE—Z% 50 ka DIREITGH B b >0 ) X SEF s
FERH T KT b B Bt A DB AL R e 1
SR SERIVE R S8 800, LR i 5 0 X
(AR R 2B SRS G« KA 507 peag , i AR [l
(AR 3 A B T AT R 25 57

25~11 ka, K IKT2L A0 36 1 8 PEIG5R ) | 72 1]
L LAV —A7 TE A~ /INBI L 43 3 b, S T 7K ] 43 b
PR S R e 32 OB BRI T 45 1, LB B A2 Bk
HEA R KUK MIS2 By B, S 55 ¥4 I B sl 45
FETI KR A AR O R R BT R
AR LR KIS, W B8 ) RIS, T T Ok
ST AUTR) , e [R) 0 — a1 DL SR 21 € 1 U )2 LAY
J S ZE — i LUK AR &, R
Yok F BRI H 88 10 3 2 A AL TAREER S, TURR
YIRIFERCH X — B BOH 0 R AR b & L ARl
Hi DX IR TRIRR B 40 B T XU HE AR, B 7 % 5 b X A
27.94~9.51 ka BB BT K& KU ™ | 7K 1 Hh

X T2 AL, 78 20 ka LAJS I A 2815 3 it
TIPS T b X BH R R R P 4 B ]
MRS, 22~ 10 ka Bl 4 22 XU 38 5% | 2% £ T R%
KR A R Y RO X 25~ 11 ka
WA SRR b B T 2 2Bk AR B U,
R Tz X TR 25 T, 2 AN AR DT RUL )
FEHUE A RRAE , B Bt — EAF LR 11 ka 247,
Wil AR IR UK HE SIS 1 ) 8
s E TR

WG ST LK | 52 75 7R o D e T B 4 3R A Ui
Bl AN ] A8 1 R A AR X R B
At J5 oy S A AR RN L R A TR
FR SEAEERON AR RRAE o AR B
[ TTAR YOI 5 2R WY W TR HE T K TR A 2
W R B AL, 245 T R R AR R
EEREMEASAL A E &

5 45 i

(1) FEWE K Z b [a) O s X & BT 2 B o
HEARDUR, R B h SR U BRI 76 ~
63 ka; L HRAZKIIG L, SERBOCAEIE R 25~11 ka,
BNTATARES ek, 2 B WA DURUR B o 7
3 e i B LR 5 < 2 W B e |

(2) 8t B LA PR S SR b, T 2
BRI KT P B S IR R 4k 4 AN DURRBY B,
T B T S W U —i) 1R 1Y) o8 B )T
G o KA VA 2 R 4 52 e TR KA T
RIMA TR T,

(3) 83k b 22 X L B, T 7K V0T 2 Ml RN 21 % 8
Z M AL TR LI A G 38 P15 #B & B R S i AR K
) YA L AR ORR, HE W 7E 7S A3 1L 08 1L AR By I 4 1)
I ST T B A b b A T R R R B, T K
TA] 3 A 5% 7 5 555 Tl b DX % 4 1 5 41 38 7R R R
DT 73 N1 0 A N R A S v E T s A

(4) AR 5T R W, W6 5 35 K T) 4l 2 0
T B Ak, 32 45 T # 2 AA 0 BLUE S
GG S T AOKE 75 8 e JL NE [a] 97 8, 78 1 7K I 2 b
BZIT 2 R 1 R E, 2 IR BIER T
B 5 FR 0 A K IR B I59 1 U R A R L bl 2R
s BB S RIS e S ZIE R 63~25 ka [T
B BT, WY 2 AT RE A A2 3] T AR IR KA 5% J8 1R R
(EibE=A 0



314 H B IR

GEOLOGICAL BULLETIN OF CHINA

2022 4

Bt A KR IS TAE R A T AR
BER IR FEEFRE, E— IR TAM,

S 3k

(1] B9, B o0 2, XUUR, 45 77 5 7 o i S T L AR (O AR AR 2 G
1B X []) Hb2ATTER,2013,20(4) : 3645,

[2] T K [ 1936 DX BT A . H ] DX s — 7 R A M AL
Mo S5 A, 2017

[3] Shi W, Dong S W, Liu Y, et al. Cenozoic tectonic evolution of the
South Ningxia region, northeastern Tibetan Plateau inferred from new
structural  investigations and  fault  kinematic
Tectonophysics,2015,649: 139—164.

(4] AR, 28 1)1, BRI SR, S 00K 22 7 b M 7 e 42 1 T ity DX I Ao
S S A5 AR R LN ] MU B A, 2020, 39(7) - 983 -994.

[5] Wang W T,Kirby E, Zhang P Z, et al. Tertiary basin evolution along

analyses [ J ].

the northeastern margin of the Tibetan Plateau: Evidence for basin
formation during Oligocene transtension [ J]. Geological society of
America Bulletin, 2013, 125(3/4) : 377—400.

(6] BN, ZEHR 22, XIAE, 45 T B AT S AR A b g% b % I 21 b S22 R
BHLE S L[] M ) 254, 2018,24(2) : 283292,

(7] BRI, 7 BT, A 5, 45 I AR AR A i U R B 45 )
PrFIC R[] A SRR, 2000,10(3) : 253-259.

[8] W2, 7 UL, o e, 45 AN ] i a] RUBE T /9 1 VA DL AR ) A 55 i
S AUUERRL I 6] 7). b ERR2% (D %) ,2003,33(6): 563—568.

[9] B, 28/ N, 240K, A5 WA TTRMWRL B 240 43 F B L i I
BLEIBESE [ ]]. 56 DU 28 0F 5T, 2008, 28(2) : 345—353.

[10] 2E/R & WAL HBR A B, E R R, 43 M. L st H
J A, 1989: 180—183.

[11] 275 2. v ) Ve b X ot DA SR BRBE AR SR AR [ ). 465 U 22
5%,1990,3: 197-204.

[12] 2B TC. 75 s SRR T4 ] M B4, 2000,55(2) : 174-182.

[13] BT, Pk 75 77 e DT B HL 408 X e St 3 390 v =2 7% 4 4% 25 )
RB—— LA IR AR 2 A% HLYD B 46 [ ). = B2 (D ),
2015,45: 52-65.

(14] 3K FEA, T T 0T, 255 149, 45 4> 42~ 18 ka % BL VDS 1901 B
WEREE] ] RHFIE R, 2002,47 (24) : 18471857,

[15] BRE T, J0E T, &2, G B 2 Rl KW v
WFFE (7). B8 4%, 2008, (10) : 1207—-1219.

[16] F, 775 5, o3 87, 45 ELPH b AR AR TORR 1) 24 b 75 3k ]
15 BB AR TSR )] BV, 2011,31(4) : 842-847.

[17] B Ehais, i, B B, 55 5% 0 1% 75T 9 $ok 55 U 20 1t 22 oy A 455
WL ] MRS TT, 2012,58(6) : 11211132,

[18] ZE4, e, Z1E38, 45 22T DEM MR ASAE R 135 3 s R AR b 2
TR BAAT T ST )] 55 2T, 2017,37(2): 213223

[19] Wi, 2R R, TRk Bk, 55, % 2 J 0] 30 3 b 2 0 AR A AR R
SR S AR A [ )] B 24 47, 2007,81(3) - 307-315.

[20] ZE A, g i, B0 — ik, 45 % hE 0 IR A AR DU AR A 2
L] R RR [ J]. DURR 23R, 2004, 22(4) : 676682,

[21] AR ZE. B 2 53] b, DX 06 B 7 HH: LA K 4 40 8 2 5 B L e i)

AR R S ) E VN EE, 1987,7(2): 26 -31.

[22] FNAR A, SR, 30 S0, A5 A O ) oA 3 B g i B 2 KU Ak 4
SEWFFE[ ] RREFE R, 1995, 40(20) : 18731873,

[23] FNARR, A, S it B0 e vy D 2 RS A Ry it A ]
ERF¥ (D 48),1996,26(5): 417—422.

[24] FNAREEL, T OFAL, 328 5B, 45 PRI B L 5 95 21 14 Ml J= 300 2 B T
FHEREE[ 7). P4t R 5 505 DU 8 L, 1996, 16(1) : 2331

[25] shfileg, AP, SR, 45 T B LU —R St LU SITOR W7 844 357 1 20
FEAE & 1709 AE R TR 7 1/2 HMGRTEAS [ ]]. o s Hb iR, 1988,
10(3): 12-20.

[26] AL, SRR, SEUEE, 25 K EIG SIWTRLH [ M) dbat: Hhrz i
JAE, 2015: 93—99.

[27] XVEEAL, 0T, w5 A, 55 KR 1) 35t bl b J2 40 435 A7 AR s 3 ok
JE[J]. Bl 4, 2009, 54: 28792885,

[28] i B, 2 BN, FERY S0, A5 KIRA 8 IR DUAR - ARE A S i AR
TEFREE[ )] Bl 42, 2008,53(10) : 1200—1206.

[29] Bt TR, 5k 52, 4550 AR 230 e D Jo] % 5T B 3t ) T 145
T R T [J]. bR 2 E R 2013,32(4) 1 595-605.

[30]Jia L Y,Hu D G,Wu H H,et al. Yellow River terrace sequences of
the Gonghe — Guide section in the northeastern Qinghai — Tibet:
implications for plateau uplift| J]. Geomorphology,2017,295: 323—336.

[31] Chlachula J. The Siberian loess record and its significance for
reconstruction of Pleistocene climate change in north—central Asia[ J].
Quaternary Science Reviews,2003,22: 1879—1906.

[32] Antje H L V. Global distribution of centennial —scale records for
Marine Isotope Stage (MIS) 3: A database [ J]. Quaternary Science
Reviews,2002,21: 1185—1212.

[33] #EZ A, MR 22, Tl A%, r 5 U2 vk B B RRE KRR [ ]
IS, 2011,31(5): 749—764.

[34] SKIA, XN IF 5, W57 4.7 B 7K e S the vk s e 1) 2 90 B
B[] AR K 2E R (A RB#AR) ,2000,5(36) : 714-718.

[35] /5 A2, 2 HE MY, Madsen D B, 45 K VA 193 45 AR 5 B AR 56 7] A
FHE[ )] AZE2E244),2002,21(3) : 211-218.

[36] FHE S, T AR T BTG S o i B T 2 b — 7t b M B R AE B H:
TESRAYH PRBEARIE [ ]]. M BTIE F, 1997, 43(5) : 555—560.

[37] Harris N. The elevation history of the Tibetan Plateau and its
implications for the Asian monsoon [ J]. Palacogeography,
Palacoclimatology, Palacoecology,2006,241: 4—15.

[38] Coleman M, Hodges K.Evidence for Tibetan plateau uplift before 14
Myr ago from a new minimum age for east west extension [ ]].
Nature, 1995,374: 49—52.

[39] HEAE X, 2555 187, 2T 5 38 s S A= AR T S R A2 £ [ M.
JoIN: AR ARAE, 1998: 415442,

[40] FRHERE, FBEESC, T, 2 A7 575 78 s SR AR L G A AU e
LBEFEHE )] S 5T, 2006,26(1): 5-13.

[41] 5K FEAR, TR, BERCEN, 2 75 580 OB AL AU THF S BLAR (7). b
iR, 2013,32(1): 1-18.

[42] B O, XU, AT Wi 22, 568 55 98 oo JL I 71 o vl 1 44 3 — 3t 3507
BRI AL IT 5t AR IR B [ J]. B HL B, 2014, 41
(3): 698—714.



