Fa3E 3
20254F 6 A

UL BLAE AR
ACTA SEDIMENTOLOGICA SINICA

Vol.43 No.3
Jun.2025

X ERHS:1000-0550(2025)03-1037-12

& /R B 2 b 35 iR B R R Kk BR LSk B9 O R IR IR A0
BN

&\ ENELEAK L ALA, EXE L, KEAL M, wE K
1. BRI A2 MR 2 S i e~ B, ¢ 710119
2. BV 1R R G0 S IR R AR B S PEA RS S B 2B, P 710127

M E [HWE/RSEEA TR BRI, R I 0 2% Ha7n 5 R a5 A AU K L A 3 2o Xof P35 25 Ak g i i
PR, LR i e S PR A58 A Al 5 4 3 ol R XS 4 RS Ak ity o 1 EL A o S [ 8k Il |2 %5 %%, A /R i s g B oy
VOR—UE R T i 2 3 b, R I — 2R TR 21 SE R b2 30 T, JF AT RGERAE . B TORLEERRIE 23 #r LA SO ROGINAE , BIF5E
T HIR AT ORI K (TR R Rt 2 B AR Ak [G55R]14.5 ka Z AT AR YR VKI , H VS AR i H YA A vk — 1l
REFRIGER, TE LB PREER, T A 1R A ity KOR— AR B BV R A1 )2 5 14.5~11.7 ka £ Bolling~Allergd B3], SUGRRBENE , i koK
— VLR B AT ()T T R TR R B TR A EE , BB T KSR AP BB UTFRY s {BE Younger Dryas B SB0EAL , M R VR fE
AR A Je T 2 A A TRIGETE 5 11.7~8.5 ka (23 5L, SARAR XS T, XUD TG 2l B AT , 2658 20 5 i v X3l 7 7
TR EHHERRIR D, KB T K5 U8TE 12 5 8.5~3.1 ka MR BRI ], UFAE TSR ZL, U Y) h &h 4 & B W 3 o &
B 3.0 ka LRI ABH RG], SUBARS 15, XS ShRAT , b/ SR ME AR 7 2 tH 06 00 1) 30 DRI 88 Rt B [l 7 i
Bl R T e L ) 2R - o [ G598 TR R UK LA IR o 2 1) URR A G R 3R R 17 1 A BRR A A A e, 24 R X
BB A A R A

KEBIA AR I A 3 B s TR R UK KN s A R SR EE AR AL

F—EEEN HFE, L, 19904 A R A IR T & S IR , E-mail: baixinzh@126.com

BIEMEE &/0NE, 5, 40%, E-mail: zhaxch@snnu.edu.cn

FESES PS32 XEERERRE A

DOI:  10.14027/}.issn.1000-0550.2023.110

CSTR:  32268.14/j.cjxb.62-1038.2023.110

8 B, BA T R SRR T BT K AR SR S A

0 55 i
S ok 4 e LA A 2 M 3 K S, o

DUBHLZVE N MR R 2 R 5 R G AH HAE
FHE =), S4B 7R DX S 36 3 7 A AL i A
SRR AT R A b X R D, DR LR
MRS AT S B R T SRR R R S, 6
e BRI SR A TR SE I, Hi A 75 788 5 S
RGN A IR 56 A, S22 KA (R 23 R 1 XU )
(A 22 MY X A AR Lk 18 i o7 4 Ay Rk, 56
I AR S G K E T AR 10 000 km® (1Y
T, AELE BT T R B, o WA A T DL BT R

AR T REAS BRI K SCHI AR SR PR A A R
e F I B LG DR TEEE Sk
by TR B ML R 51 S A RHIT ST T R
THT LRI, L5k, BSE /Radih
T T S R B I 1] ML BTS2 | T E
Ao LS Py H SR A R o T T LR 4 M 3R e R 5 DY
20 TR B 7 5 R TS AI R B = it i i
X R S A M S 2 5 A BT o R S 2 M
F0] B (4 B th 22 AR AL 0 4R 350 m Ak i s 5 b BESR I

5 B 89 : 2023-06-28; &€ [ H #8: 2023-11-07; 3% A B #7:2023-11-23 ; P 4% i A A 87 : 2023-11-23
E&TA : FEAARFERSIA (41971116,42271046,42277449 ) ; T g @ AR 55 2% 4 700 5% 42 % 15 F (2020TS102) [ Foundation : Na-
tional Natural Science Foundation of China, No. 41971116, 42271046, 42277449; Fundamental Research Funds for the Central Universities,

No. 2020TS102 |



1038 A

S

5434

KB —REDURP ) 5858 2 I A IR o e X
JEDURRIPRLERFAE A FOCROGIIAR , 0F5E 14 /R 3
FHAR UK LR DRI A e R i Ak . 1%
WFFE IR XS T4 78 4 R w5 2 AR U oK LR it
PR ERIFE A A A M W R , LA 75 8 IR A A2 1
Mo RS BRAE LAY e BT R

1 5T XA

b Ak T 6 1 DR 5 04 R 1 b e — S DU T
IR L A B I 2 b, P A BT JE IR L bR PR L AR
IR Ly P HE IR R 1L FE AR = FE A T 3 400~
3450 m“ (1), b LASERY (28 e oM S A
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WM F 42 %8 5t — AL DURR 7 9] 50 2% i b )2 350 Tar (R
LQB T , K 2) o ¥ LQB #1122 )2 KA i DL R 2t
TIPS B AN AW S L BT b B8, 454 A i 4
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IR WG 5 (10YRS/2) 4 A ix KU v, 5 1 B £
(10YR7/3) ¥ b B VR L 02 BikA 2 Y , A 55 8
B, Hrph, Jeid Lo A8 MESE, KR poK IR
A BT (R b 8 22 WA VR AR . D)2
5B L2 MR EARY N )2 R EAE 2~5 mm Z
), MR IE + 2R 3~8 em Z ], {E1% )2 8 0 34K
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400 cm, UG K A5 (10Y6/2) , ¥ b 5 4R w5 43 1, /K
S JZ R Al PR — R R T T v T L DR V8 B R
DU, HL T A Rl ks A B4 . TR 1% )2 5 T
230~235 cm >R £ 6 B G I AR B A OSL-45 78 IS
390~395 em RAEERIEIAFFE i OSL-5.

(5) W UKOK—UEFU PR AT )2 : 400 em LUF R
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Fig.1 (a) Map showing the river system and study location in the Zoige Basin; (b) photo of the landscape at the study site;
(c) the Laogiaobei (LQB) sediment profile
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BB Py, R SRR AR . TESEIRE N
U W 0 3 em BYAFE &, T UL Th KR E 7K 222 0
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MR ER FAT HILITE , 4R J5 0 56 4 90~125 m B A5 20 Y #F
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UKL R T 32 o FR S 52 A R0 43, O 109 A R R 25
B P A S AR, IS FH AT ARG (TRSL) 46 0 A4
B FRAL
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LR OURR I A7 S0 e B i — IR S iy I R 17
DUAFIEZE S, OB DR A B A 4R % FLSE AT HE , XA 1Y
SRR De fELASC T MR A58, 23 25 R A b R
B P A8 2 7 0 i HEA T 23 B, 9T FIT Galbraith
SRR AR IR AT I K De {HL

BEAD A UL Th K538 78 74 22 b e 2 ol
1, B RASGR Jh 5 LR L2 R ZE 72 R HCAP 7400 B 42
i EE A B T OB AL (ICP-OES) #1CAP RQ %1 Hy
JEFRASF B R E L (ICP-MS) o XA i FRBE 77
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Fig.2  Stratigraphic sequence and the age-depth relationship of the LQB profile in Zoige Basin
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3.2 WEMRSGE

TOBURE Sty ] 52 56 2 04T H AR T, FREGE
T IUBVRE i, 10% 1833 AL 2R 10% 1Y ER TR
RBRA LTI ES 5 , FFF S R 28 K Uk &
T SRJE AT R BERR (NaPO,) 75 T , 76 7 11
PRGN FE 57 72 53 73 B8, R F 3E [ Beckman 28 R 2R
77 Y LS13320 3O EEASGIN , #r BE 3 FEl A T 0.02~
2 000 wm , HEEEAN T 8%~12% , HIXHRZE /N T 4%,
FEARE S TR BLE SR 3 Uk, O Y R 45 SRk 1 7
53T

4 LERE5HT

4.1 MEFELER

R 4l 1) T M 2R 5 OSL M AR 25 SRl AT (3R 1,
&13) , LQB {1 T % AT 1 (B0 DA TG 78 1) T30 2 B )22
TR RRE , 5 )2 R0 N A RS TR A R,
UEBHFE 4 OSL AR 25 5L & BT 5

LOQB HI At vk —IE U b ik A )2 22 1)

JRERAAYEIH + )2 LOB-4 IK 5 390~395 em 41 OSL %
4 14.50+0.62 ka, ¥ it EL I P4 () 3% o) 47 1 9 ZHK ]
AT RUBR B A IS A9 C U AE 25 51l 14.1120.10 cal.
ka(1#13) , 368 LOB & B Y koK —HE AR TTEAR
YT 14.5 ka ZHi

IREFAARIE £ )2 LQB-4 TH AL 230~235 em (1) OSL
WA 45 5 4 13.08+0.88 ka, KUK P 5 R E + 7 )2
LQB-3 JIK#225~230 cm 4 OSLAF-# 4 11.81+0.63 ka,
P LQB-4 X i T 14.5~11.7 ka Z ], H P EZE
TR 4 BULVR bR A AR T | 31X — B A 45 /R 3 4 M v
B WQD I T H DEQ-E I ™4 77 78 , H R kY
A % BAEACAE 12.7~11.7 ka Z 7] . 454 LQB | i
JEUREE S OSL BOBARARAE R, e £ )2 T Y
REMRE A A I e A2 12.7~11.7 ka 3[A]

KU > 596 78 + 5 2 LOB-3 IE#K 225~230 cm 4
OSLAFE{#% My 11.81+0.63 ka, 3 5 7% {4 [ 45" #] K
M B 30T 230 M T A0 B8 A )2 BV A DO R Y e I AR
12.10+0.15 ka 45 B B A — . LQB-3 T 110~
115 em f% OSL 4F#% 4 9.23+0.73 ka, LQB-2 Ji& 3 90~
95 cm [ OSL AE#4 4y 8.11+0.60 ka, 2 B iZ 2 E i T
11.7~8.5 ka ff1[H] .

St 452 LOB-2 JEE#E 90~95 em Ay OSL4E
14 4 8.11+0.60 ka, X 5 DEQ-E 1 i H vty 4 1 )i 3
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Table 1 OSL dating results for the LQB profile in the Zoige Basin

OSL A ity 4 o RJE/em HJZE U/x10° Th/x107® K/% K% AEER/ Gy OSLAFH K17 2% /ka
OSL-1 90~95 Sty ERRE 2.06£0.3  10.27+0.7  1.69+0.04 20+3 2.69+0.08 8.1120.60
0SL-2 110~115 RS SRBLZTHE - 1.97+0.3 9.91£0.6  1.640.04 2243 2.58+0.08 9.23+0.73
OSL-3 225~230 KNI SRE 2T 1.91£03  11.2840.7  1.96+0.04 2243 2.83+0.09 11.81+0.63
0SL-4 230~235 REOPIATZTR 2.04+03  10.86+0.7  1.82+0.04 23+3 2.74+0.08 13.08+0.88
0SL-5 390~395 REERFLZER 222403 11.8420.7  2.09+0.04 2343 2.99+0.09 14.50+0.62
e JYM OSL WQD OSL DEQ-E OSL LQB OSL ZHK OSL
PRPE/em WZRFEH  4E/ka 275 AE W ka U275 AE ka HuJZ T3 AEH/ka 275 AEI ka
() === === = — P - = = =~ == = = = = = = = e = = = = = gy — — === = = = = = = = ey === S S ss-- - ppmg - - --------so-sos- 0
1417
sof M9 .- g 8502010 210 ) 2.3320.03 cal("C)
------------------------------- 3.1
o TR T _ \8_1110_60 i 3.12+0.12
4.8120.15 - 5 e :
1504 g A0 e S 5 1700753 [lidias] 232075~
F-——| 8.28+0.47 mESE - DR 35
200 X Seces 9.1220.38 [ 11.810.63 ’
P 9.8_2_1_0_@9__--———— ____________________
N S P NS o “11.06+0 88 13.08:0.88 =22
col 125 N 12.80+1.13 -7 P T UUUUYITOOY T 11.7
300 . ] - 14.11+0.10 cal(''C)
P N Y
350 [ TN e ‘___-—" ana
400 1”5102{; 14.9021.01__--="" 14.50+0.62
450 g -
500
550
600
650 S 5
ST YR 4 T2 TR )2
700
B okt 2 A 12 NS EE3S
750 14.66+0.54
- | ERGERA B2 VRRR
KT HOK—BEBERGE ey AR L2

P13 4R 36 4 JYM 5™ WQD™ I T . DEQ-E™' ] T \ ZHK™' ¥ 1] 5 LQB #ll T 1 )23 5 4F e X LE 1%
Fig.3  Stratigraphic and chronological comparison of JYM ®, WQD ™, DEQ-E ™, ZHK™ and LQB profiles in the Zoige Basin

OSL B AEZE R 8.77+0.33 ka 285 e —3™, W5 M
SE ) T 3 T, B M A A C I AR 5 A
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ZAXTE A B3R B Y KT 8.5~3.1 ka i [A] .
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TR 1) 7 FEE 20 U AE S I DR ERBE 38R
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LQB-2 kL EE 73 A A i 4 ELA ARBL AR, 062850
1E U3 W2 4350124 0.90.,0.88, A H A R4,
H: T2 06 1 AR BORE A% T8 A R D DX [R] 1) 38~45 pm; —
T EZRAR A ST IEAEAR P (16~63 um) FILH# 5
(2~16 pm) y8 [l N, o R e 4153 5 ¥ K F

38% , AP 43 4 HL I KT 30% , HAHZEH )N, 1B
—H T e SZ B AR R A ULAR B S PR EE R e . [
LQB-1 Fll LQB-2 7 B 43~ A 431 25 i1 £ 15 7 44 v 119
5~12 wm AFFER I, 8/ o s, B A
2 B — 7 R I R E o e LQB-1 AR
2H 4y hoRL R BD A B N 42.70% P W T LQB-2
(38.07%) , H LQB-2 i {42 (14.49 pum) F1-F- 3
A2 (21.53 pum) BIMEF LOB-1, 0 LOB-2 1Y il Esi
JEE T LOB-1. 2] LOB-2 A4 B 32 2 25 T LOB-1.,
SRS EPAMIES KL I, LQB-1 A HIRA i, B 2 1L,
S BRI R, T LOB-2 HA Bk —H Pkl & |
B AL, B B, NS A S BB, B
LQB-2 Jhyly 398, JLAl a9 i v 1 LQB-1 i AR A
A,
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Fig.4  Grain-size distribution frequency curve of the LQB profile in the Zoige Basin
F2 BRELZMLQBIIEIMRYAIEHFIER
Table 2 Characteristic values of grain—size of the LQB profile in the Zoige Basin
A b a~16 Kk 16~63 HERiAR Md TRPRAE M
M Fhk<2 pwie i i W>63 pm/% ffokt TR Mz W Kg  bRfElREs i Sk
Gt wm/% wm/% (pm/%) (pm/%)
LQB-1 13.91 31.30 42.70 12.09 20.46 24.83 0.90 2.19 038
LQB-2 1631 35.59 38.07 10.03 14.49 21.53 0.88 228 027
LQB-3 14.36 34.80 35.48 1537 17.18 27.60 0.87 229 0.29
LQB-4 17.56 47.18 31.82 3.44 9.53 13.35 0.95 2.05 0.19

LQB-3 A4 B2 73 A7 451 3 ity 2k 52 LI Sl ) 06 74
(E14) i BE R 0.29, R IEMmA . FIERECR LIS TE
FR D (45~49 pm) JU BBl [A] B, OBk b5 3y
35.48% , &+ &N 14.36% , W UTFRY) LUK DN
Fo ZEEEFANIEE LI, % )EUURY) S BR
(10YR8/2) KU b 5 b ¥ 45 (1 (10YR/3) B3 0 Joa v 75
+ 52, K25 RIE 2SR, K2R E
AT 2~5 mm, MJETHE 20T 3~8 em. HAPFEVRTH
T2 EEBAE NMESEAAE, BT UK — B b T
WPk b AT VR A A L RTR R A i
IR ES

LQB-4 K7 B2 43 A7 45125 [ 2R 5 Al b S22 1)
L3 AR M2 X R (B 4.3 2) , RAUE D
IR, FWEOBORIAR AL T 9~16 wm , YU AR A%
JUFEVETEAN R Y 26~38 pm N, Z 1 (<2 wm) FIZHH;
5 (2~16 wm) 4155 5 o0 24  rb a2 5ok
17.56% F1 47.18% , 3= W11Z )2 DU R ) 1) & AR A2 i
9,8 T AR IERE . 53 4h LQB-4 FRLEE 43 A 3 %

AR 2 I I A A, WAL A 4 A o e 25 R
2.05, 878 LQB-4 sr ik i 4 25 (K 4) , i )2 DR
ok A K. RIEEF AN X Z DT Y A
TP 2B, HR 2 R/ A% L (5] 3 45 22 1) 7y K
TR —UEFRBR )22 5 455 B AR R L) T BT A R 6
I LQB-4 vt vk /K — B B i 7 v A R K
(AN S5 DAL &S TORERE S 7S NI AR AL 8

5 g

DIBUZEAE B R R RS TR R G HAR
FHER 1), o DCIRPR S5 A 1) B 05 B AUAS, iz
W T M — BB G HLRI RO BT h . RS A
W52 Z T A= N GESC TR, HIRIRET S IR M55
X ARAL A AR R SRR . 2278 B ERBE A T R I
T ZRER SR AU IR, O OIS XA 5
ARAY 5 R R X A P b A AR DX,
TARSCHITELE R, 458 BN WURHIE DU AR 45 SR ADRL
JEAFAE 3 A, LQB & T LA e 5% 1 4 K Fi A
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14.5 ka DIk RS R 221k

14.5 ka Z TR IR VKA, RS IRIES 1%
B 2 VKU B TR R ) o7 28 %) 3 — B B A FE VA S AT
SR T K e ik X R A YR U A T K T ALK
N KT B B A, 147 7R i 2 b Ji 120 %) Bl J2 B 0Ly
VRN TR B K T R 7.5 4% , T A AR AR 24
9 C, {HE , HE Grootes et al P'HIWFFELE R, KK
VKIBPRE IR e vk I, S A AEAT B ¥ i 5878 ,
R B =2 DIGE 7S 1Y 7 R B A% 02 <R A5 9 i e
B LA vt e S —— X S IE R A, AR 5
%4 RM &G FLIA 78 &2 RH &5 LAY R e Xl 3 &
UM 5 AR I g7, O3 R R W 8 R TG R P v
Hi DX A AT ST AR i A s L k) 1
b, I X PR K 51 & It B & BR, K3 i koK
— UK TR E L RE PR . & AR T Vh L 2R i
A H T A PIOK — 1L P R ol i T b 2 i B3k
JIFAE MBI BT T AR 24 50 km® B KA ol koK — it AR
i UURR T R JZ R 0RA )2, 30 (o 2 7] [ i 0 8 1) By K
KRHL A e L, SR 5 ) PG 30 HE 2 AR B A %
Z%, FoAT A IR 3K — M 3% 3 AR AN (A 35 T 35 1 B LQB
T A T s [ gty B 6 G A0 T I A2 1% ZHK
) TP R 18 2 AT [ B SR 1 1 vty KoK — e RR s
JZ, FR B 3K — B vKOK — Lt B R AR K (]
i, R ATTFE RSN 2 iR K BUAE IR & —M[ A & 2
(] P 8T P 2, 40 A v T 7K A 60~70 m K 7K —
HEBE BT BE A2 X B IR A P L R e
FE ORI AT NSO K R i ELTRT AR T 2 fig
Sy

14.5~11.7 ka 2 AR Y oK 301 9 6 109, 4= 3k A<t 1]
B2, VK R, P18 [0 -, K B4R S 3858 . Skinner
et al.” 0 2 XA FL RS A FLHUEY C AR &
I, B BGR )2 7K X 1 B0 7E Bolling~Allergd 12 1 B
A JUT Jin 5 ; Blanchon et al. "B 5% 02 5% T K P ¥
14.2 cal. ka.11.5 cal. ka(Bglling~Allergd 1% 5] ) K Fili 7k
Jok e 5 K VT AR X — I e S K
B OOV = A DR R R 5 e A A
Bolling~Allergd I 1] ¥ Jik oy I 7 25 b DX () AT ( bk
BRI FERS RO LA AR AE) IR T MIS3 By
BT i T A T ORI A A v e i T, B VK
80 JFHIL % T 7 98 = S Bolling H 21 Allergd ]
22 CHYIREE LT, %R /R 35 2 X g 7 2
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Sedimentary Environment and Surface Process since the Last
Glaciation in Maqu Reach of the Yellow River in the Zoige Basin

BAI Xin', ZHA XiaoChun', HUANG ChunChang', ZHOU YaLi', PANG JiangLi', ZHANG YuZhu®,
WANG Na',HAN YiXin'

1. School of Geography and Tourism, Shaanxi Normal University, Xi‘’an 710119, China
2. Shaanxi Key Laboratory of Earth Surface System and Environmental Carrying Capacity, College of Urban and Environmental Sciences,
Northwest University, Xi‘an 710127, China

Abstract: [Objective ] The surface environment of the Zoige Basin is very complex, which is located in a climate-
sensitive area. It is of great significance to reveal the response of the surface processes to environmental changes in
the Zoige Basin since the last glaciation, as well as the response of environmental changes and surface processes on
the Tibetan Plateau to global changes.[ Methods ] Through extensive investigation, a complete stratigraphic profile of
sedimentary sequence was found and systematically sampled on the high platform in the front of the glacial- alluvial
fan in Maqu reach of the Zoige Basin, and the sedimentary environment and surface process changes since the last
glaciation in the Zoige Basin were studied by particle size analysis and optically stimulated luminescence (OSL) dat-
ing.[ Results ] During the last glacial period before 14.5 ka, the ice meltwater and flash flood process in the Warihe
River at the east end of Xiging Mountain was very active and accumulated rapidly in the foothills, forming a thick gla-
cial-alluvial fan sand and gravel layer. During the Bglling-Allergd warm period of 14.5~11.7 ka, the climate was
warm and humid, and the silty swamp environment formed in the depressions at the front of the glacial-alluvial fans
and developed gray-green sandy sediments. However, during the Younger Dryas period, the climate suddenly wors-
ened, and the upper part of the gray-green bog soil layer in the shallow depression was folded and deformed due to
surface freeze-thaw action. In the early Holocene period from 11.7 ka to 8.5 ka, the climate was relatively dry and the
aeolian sand was prevalent, the coarse silt accumulated in the shallow depression and the interbedded sedimentary fa-
cies of aeolian sand and bog soil developed under the strong wind power of the plateau surface. During the warm and
humid period of 8.5 ka to 3.1 ka, the pedogenesis was strong, and the clay content in sediments increased significant-
ly and developed into the paleosol. In the late Holocene from 3.1 ka, the climate was relatively dry and aeolian sand
activities were prevalent. The coarse silt accumulated in the late Holocene was transformed into subalpine meadow
black soil due to the rising temperature and humidity. [ Conclusions ] It indicated that the sedimentary environment
and surface processes of the Zoige Basin since the last deglaciation are important information carriers to reveal region-
al environmental evolution, and responded to the evolution law of global environmental change.
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