ISSN 1009-2722
CN37-1475/P

TR L SR

Marine Geology Frontiers

B4 B2 M
Vol 41 No 2

FLARAR, XUBEE, TR, 45, BRI KT = 0] 2 18] SGE A A TR R 17

HiIHY, 2025, 41(2): 68-77.

LA 1855, 1976, 1996 4F = Ik if A ) (7] . 52 1 5

KONG Miaomiao, LIU Surui, WANG Houjie, et al. Sedimentary response of the modern subaqueous Yellow River Delta to channel migra-

tions in the 1855, 1976, and 1996 diversion events[J]. Marine Geology Frontiers, 2025, 41(2): 68-77.

IR EN KT = FiM Xt E 18 B0 40T R i kz
——DL 1855, 1976+ 1996 4F = HAHIE F 1

AR, TR, ERAY, B g a RS, AR i 0 E 2, e
C1 AP R PR B, 77 5 2661005 2 F IR PRSP RORE 7 5 PRI B AR B A0 %, 77 5 266100
3 BRI Z 5123 AR SOKBEUR = RIHE K SO, 408 257400)

i B ZANAERTEZNRINRNECLE LT tmFR = ANDRER S HiEE
KA BB IR AMNIREUROZLATRET, BT ANBLEZONAERY
A 5L Fa S5 04 L 18) FTIE 3R B R A A R T IABGE A T = A N I ARIEAL AR R, KR
AL A GBI T AR R 22 ARITAR M B AR AR 69 M R AR S kTR, 8RR BUE S 6
T 53K T 1855.1976 A= 1996 4 3 H 3 ] K. J8) 5 i F 4 27 % 7T K T = /A S AR g AL 69 35
FAH, ST B R T RKTEZAMNREARBAE — R 0L Flhm, PR RN,
1855 b L EHEN BB R Z KT Z AR ey ik T, FHRETRTZ AN
B X3RRI AR K JE am AL, B A AR, A IR o A g 4 oy SO B Sy Sk 0
FAE, 1976 SF3H T T O RRRBGE 2 FRARR, B F T o = Ao et ik B A Rk, &)
L ¥, ARIR AR, R A AL AT Z X A AUBR IR SR G B v 3G e N R AR AT
O Rl TR TR 6 AR B E AL, B A B R Y, LR R e, 1996 - 4
FHFATRE 8 A, T v RIS s IR AR R, e S 2 LA AL B RN R K
FEMREADBARABEZSIHR, BEEML, AT RIBKT =AM TR AL,
128y FHriz 42 P a9 30 A ik B NGB R EAL, R KR B A IR KR ZeAs

KGR PTG ; HFTKT = A = A Mg, IiARdE e

FE 4 %S:P736.2 TERFRINED: A

0 5l5

WA Rt R A R R, AR
P Er b B K 25.5 kg/m’, L “OKATD 227 T 18] 4 T

Yrim B EA: 2023-04-20

BUE: ERARBHAIESTE 135 H (42176168); [H K H AR 34
F bR & 1F 5 38 900 H (42411540024) 5 IL A A A EH 4L 40 H
(ZR2024JQ016); tL A %% £ 31 H (TSQN202211054) 5 LA Ry 452
K QIR S R4 (2022K1045)

FE—1EE: LA (1996—), L, FERLEL, F 2 NG RISy T 1Y
BFFE T AE. E-mail: 1693051084@qq.com

*RIAERE: RBE(1989—), 55, 1+, 2, B AT 009 22 5 1 14

5% TAE. E-mail: wuxiao@ouc.edu.cn

DOI:10.16028/j.1009-2722.2023.103

B R AR TS Y 3 S O R R VDT R W
BUB AL “Hb 156000 2, vt T 800 Rt . ok
ST A R A, G R L B G = A, O i
LS N TV NNER TP 3/ X Ik ib K :0) =1
VA4 0 115 T = AR I 4 BR AT = i o
Vi It 2T J A 5 R X R T A R T 5 ke
SRR = A DU L B AR X [
1855 47 9] T4 BCIRID 1 25 K3 ) ALK, F2
B e 1T 50 29, BARBGE 9 ™, Hird, 1976 4R
R BT — YR (S R B T AR, T 1 9 R
F, VK R I 2238 KB T A, TS 1996 4767
8 W THT LA 1 950 m Ab St T AT HA I TR, #E9
M2 8 ATKZES . B A xf # ik F =


https://doi.org/10.16028/j.1009-2722.2023.103
https://doi.org/10.16028/j.1009-2722.2023.103
https://doi.org/10.16028/j.1009-2722.2023.103
mailto:1693051084@qq.com
mailto:wuxiao@ouc.edu.cn

541 5 5 2 )

PHUCRRC T (0 5%, 76300 2 ] BGE B R (9 AT
WAL RS Sy A R = A iR
P s ' S IR T KRR, fH
B T AR ZARFE o — AL A A 3 e — R ik
A, 2B EEFLALE . ARF R IR AR S R 2 1Y
A 240, TS A STV L 2 I S T Ak
T = A AR R 1 RGN,

A o 2R G AE AT A K 21 22 AR TR
FERAE R AR B o B YR, ey T K R =
I 1855 4F LUK IUTRRE 4L, 454 R IRl O 15 4,
AT T 1855, 1976 Fl 1996 4F 3 MBI Pl il
PRS0 8 KR = P TR S A 5 R s
B, Yot O3B 7% T KR = A A ) B sl ] — s
S 23 1] 2 SRR, B BRI ST ALK TR A
R 3 BGE B 0 R = A R S P i
ERES %,

1 AR5 IX RN

B [ 1855 4F M TRAU A B RGE 1L AR FIEEA
WS, T AR R e O ki 50 A
W, Hr P R 9 YR, A A TR T R T K IR ] 24
S 10 AAET (1, 3 1), 1855 AF Al £E T i 2%
BEL 5 BUJRA (422 2% ELZR 30130 ) e L1 25 AT ARG, 2
TR BT — R T TR A, AR I RS
P I T TG 5 1889 4F 3 1, 59T R BN B AE
R IE Y 1, 2B B FOH, MOl B B IR LT
iR 1897 4F 5 F 1], f LIS T & A 11, #6325
R R 2 WS 00 A IR A, DI 7 45, SEBRAT K
I S 4F 9 N H ;1904 4F 6 H 2 H , 3] J ) 3ol B
LA M Y 0, J5 T 1929 4F 8 H e T A

FLARAR, 25 BUCTTACT = AT e 18] s g R TR 1 69
38.5°
N

38.0°

37.5°9 .
A = A

N®1934—1964
©1964—1976
© 18971904  ©1976—1996

N®1904—1929 ~ ©1996 &5

370011/ © 19291934 ——5 m— R

118.0° 11;3.5" 119I.0°
B1 RREA= e

Fig.1 Historical migration of channels to

N 1855—1899
Ne 1889—1897

119.5°E

the modern Yellow River Delta

1934 4% 8 Ak J5 T /K —i& Jobr, B B 223E L
e AN, fif J5 0025 LA | #iKIE . R
SRR = A, 1938 4F 7 A, AR AE B 11 gk 1T
1947 452 AR AL FE 1133 A I, A7 w7 |
AR YA R 3 B A 1964 4F 1 H 7, A
K HIAE D KR TR R, #EIAT T & T A,
HATK 12 4F 5 4 H5 1976 48, 7E 753 1T T8 BE i
T8, DB 5, KRR KV I B A, AT
7K 20 4E; BUATI 10T 1996 4E 7 A B /KA AN T4
TLHCIE 28 8 I, AT/KEA, St Ja — IR I B 18142
gl U R ] 2 Sl R i AR TR
BERFIE I T 1885—1934 4F L7 kg T () 7. =
Y5 1934 4 2 4 DIt o OGRS = A7 i S 1T
F A = (8 1)

T A IR T = A, R e P A
WE, TR 7.7 7 k', TR 18 m'", B EALE

F1 EREA=ZRAMNTETIRER

Table 1  Specifications of historical migration of channels of the modern Yellow River delta

75 AT 7K i) 1TIKEHa N

1 185546 —18894E3 H 32 FRIEI N

2 188943 H—18974F5H 6 HHE 2N

3 189745 H—190446 A 7 P e AT AN ]

4 19044FE6 H—19294FE8 H 24 A H A AR AN

5 192948 H—19344:8 H 5 HARBE R EHIE T NI

p 193448 H—19384: 4 P .5117{@@? %%%m
19474—19644E1 A 18 £H Y5 BE B A N

7 1964451 H—197645H 20 SR RTIP G 2

8 197645 H—199647H 13 EH T 7K N

9 1996457 H &4 G ST I

T 7 R AT R ERL



70

Marine Geology Frontiers

TR RV 202542 A

VS | LA RSN 3 AN, iR i
22 25T Y i VB0 A, L BT ST | 3]
FEA AR, Horh, B0 AR VRO, 3K
10 ta, (5 BT A 90% 247 YL s A
WE TR 1T 2/3 7E A D REBEDURY, R T 80 =
SN, A R 22 R . IR A R 16 )
VRS TS R SN TS | VAR e 3 B vt
B P T T 5 T, S B 2
0.6~0.8 m, VT F7 28 AT, W e R 97, R 1
IFARE L B R R TR B 0.3~0.6 m,
FUA 0 25 26 5, (R AN AR L KU IR R, B

Al 1.5~2m™Y

o

B/
w

2 BRI ATk

2.1 HEEKIR

AR SCR AR KR = MM DT AL X 1855,
1976 F1 1996 4F 3 1 ekt il F5 14 %) 2 [R] 22 S P4 e 1,
ARG T B K =AM TR B 22 AR DT

PIREIRREZERI A TR LA Br (18] 2., 3R 2), 38 X A
JRFE A26, B83. A178 Fl B42 [FPkI R & & | SF-Hki
1. SR E, AR K2, BH-239, BC1, BC2, 03,
M2, 3-3, Z01, Z02, Z03, YDO02, A25, P4, A26. 9-
2. Al1, BH-264 1 B63 MR & & . “FXpkite ., Ut

39.0°
N
BC1 03 W
VS [ o ¢ Bro AlT8
38.5° BS3
BH-239 ‘M2
33e © L4
o B Ba2
38.0°
37.5°
37.0°4= : T T
118.0° 118.5° 119.00° 119.5° 120.0° E

B2 AXGITHERECE

Fig.2 Sampling stations of core sediments in this study

®2 EAXHALMEREERNER

Table 2 Basic information from related boreholes and cores

F5 HREE 2E/CE) 4iF/(CN) KiF/m 4K/em MK SRR RREE CFRGE FIREE ON R RIE
1 A2 11982 37.68 18 1575 pp, Cs N N SCRI7]
2 B83 11886  38.60 2060 v v SCHR[9]
3 A178 11929 38.60 238.0 IRRLRCATE N B i e V J SCHRI9]
4 B4 11979 3833 350.0 “cs N N CHk[24]
533 11878 3831 160 2320 'pb N SCHRIS]
6 K2 11890 3820 100  350.0 "es N SCHR[25]
7 BH239 11891 3832 193 2950 'pb, 'Cs N CHR[26]
§ BCI 11863 3860 200 2170 'pb N v OCHk[19]
9 BC2 11927 386 270 2380 *'ph N N 3CHR[20]
10 03 11897 3862 245 500 e A N V27
11 M2 11931 3844 249 300 N v OHkER7]
12 zol 11936 3771 88 2500 "es N SCHR28]
13 z02 11954 3771 145  300.0 “cs N SCHR[28]
14 Z03 11973 3770 148  170.0 'pb, 'Cs N CHR[28]
15 YD02  119.35 37.71 5.1 100.0 B AR A AN AR KR B R V SCHR[29]
16 A25  119.25 37.50 150  18.80 R AT A0 Pb AR b, N SCHRL6]
17 P4 11988 3770 168  31.0 *'pb N SCHR[30]
18 92 11967 3752 160  396.0 *'ph N SCHRIS)
19  All 11935  37.86 140 1240 “cs N N N WHRI7]
20 BH264 11932 3815 201 2950 'pb, 'Cs N SCHR[26]
21 B63 11947 3817 250 320 *'ph N SCHR[27]
22 AI9 11940  37.63 130 240 L AT PO AR AL, SCHRL6]

FE: U RETCHE K, VAT R R SR



541 5 5 2 )

FLARAR, 25 BUCTTACT = AT e 18] s g R TR 1 71

BUH R | CONEAEFL, DL AR FE 03, M2, BCI,
BC2. A25, P4, A26, A19, A1l Fil B63 FF-Hkite
A BIHRTT T 1855, 1976 FI 1996 4F 5 ii] it 5+
PEXF KR =AU AL A 52

22 MRAE

221 MFFE

W SR B RERE R 15 ARPEAT T2 °Pb A1 Cs 4
(3 2), I R BOM RS T S et TR P 1 4F
W, BAT A ek

Ak, HEOIREE B83. A178, YDO02, A25 Fll A19
T TURY A VE . ARG R DU R Mk {b
ZH AR RRAE LA SAFEAR- /KR | OB o 38 5 4040 T iR
S CE S, RO REXT TR A TR T AR, (B
ARFEDURRRLEE | Ju R A2 S T 1) | A 2848,
WCSR T IR Sy B To] 30T =42 14 R B) 5 6, 80RT A
SRAAAE 53 BT BT A S DO RLE AR AL i
222 BEESMWI I

EL A& R AR RAEE 2L PP R Malvern A A4
7= Mastersizer 2000 B3 SHL B 2 A AL e A 760
G0, B T R R AT [R5 A X AN [
AEARARAE SEA T A S A A %) L, RIS 45 A RAE 22 1]
AR A . IR Y RGIR 2, A
SR AT 7 A R
223 C/N X F %k

Fir BN 4 ARAERAE SRR 2 bRk 48 )5
£ 60 C 4500 MR, IR L, SRR 4
BS54 T CL N TR & 8

3 ZRSE

3.1 KT =/AM* 1855 EEE SR
M &z

1855 AF ] 26 ] 7 =2 BHAR FUJRA (422 % B AR 301
SOBRIT, P PR JU A EEREGE B L AR A
S ¥ 1A 1 0 B 3 R VT AR BR B 7 A R SR O
1855 4FFTHIE T B> KB E A, YA A
B, = T S 5 /N ] YA BV R AR
54 e 30 00 P B 3 AR R T % B R
WIS, T HA R RESREY, N, NNE [ RAE T
I K 1.7~1.8 m™", SECHLURLITT A B
3B AULRN, e DU AR RE th b & R e, 1L

FRYRL FE RO/, 43 2R3 25 . HEIRFE A26. B83. A178
1 B42 7 %I B0 42 2031 R (5.73 £0.53) D,
(6.9840.26) @, (6.8610.31) OFI (6.54+0.49)
(&L 3), o 5 i £ 459 2 B i 1 b A L0 43 A
£ 3OH 6L AT A — MEE (K 4) .

TR /D PR /D

A26 A178

5.0556.06.570 6.4 6.8 7.2 7.6 8.0
1950

19254
1900

18754

ARG

1850 - 1855 4F

1825+

1800 -

6.4 6.8 7.2 7.6 8.0 5.4 60 66 7.2 7.8
B83 B42
TR D TR D
B3 #HIREE A26.B83.A178 1 B42 T2 T4k
Fig.3 Changes in grain size of cores A26, B83, A178 and B42

259-- - -B83 1855 4F il
—%—B83 1855 4E )7
204- - --A178 1855 4R

—@—A178 1855 4EJi
15| - B421855 AFHI
1—9—B42 1855 4E)5,

RH T/ %

HLAR/D
B4 R BS3.A178 71 B42 BEUN SRR
Fig4 Typical frequency curves of grain size distribution of
cores B83, A178 and B42

1855 AFEHUIE AR , WA ET L R v
B B A b, = AN 0y FRAE F R B0, 2z #E ]
YA HE X AR IR VDY B BELAPE 1, it
HE BRI AR | 25 40 U4 A 3T 11 A TG 9T
L, A4 AR 00 TR 1 B 25 v R e 3 ek e
EN IR AR R 1M 2R | me O T B B 4 2 ity
R SEME TR, M MGE AT R R
BT, BN ATTTER AR X A A, R A BT A
TRV HER T3 A26, B83., A178 Fil B42 b & &
B AT, P-4 A48 PR BT 22 T A DR 43 S e A ol
(5.94+0.83) @, (7.354+0.27)D. (7.4240.20) OF
(6.85+0.36) R 4IkAE, Heln) Lk A L
AL (E 3), 20 1855 4F & in] il FHr I A



72 Marine Geology Frontiers ML T

VIR, KT = AN R) X384 2 30 HE ORI R B 4
PLBIRRAE, 02 3 PR, R RE AT 70 A i 2 o XL
e gy (151 4)

3.2 BT =AMt 1976 FEXEE tHTi
N[ 2

1964—1976 4F[A], B 177K A FRIE %, 4L
TE NN o A7 /K Ta] Bl = AR W R ARAT 38 AN Wy
FE SRR R, HRRIR SR, WA HEEERE R
RAAEG, Ak T 11 M X T 58 8 ym) T 9t 1 B 73 7
1976 4E7E I /K W90 T A TR s T, A
WG BT H 3 1] 3 B 2 R i K TR T B, ATRIRT 1 R
B8 2V 7K VANAT 1, 0] 2R A A AR, T Y A2 Ak
AH N b 5 | A BT 2 = A I 3t X ) SR U AN AR Bl
(1022 SEPE TR A, RN KR = A PHAS 5] X ek 1) 9
ACRHIE R BRI 25 [H] 22 5%
321 TR

M 1964 4 1 H #E eIl I, 3 1976 4 5 A
JEFE, AR BRATKAY 12 4F 5 4> H W), SE1454F
IR 114245, A~ B 125 [X A4 2 T ok
() LS e U0, 246 S 43 B T A 49 5 ZE 30T 11 B3 370
L, HOREE 3-3 76 1964—1976 4F i) (19 1T FH 8 R i
ik 14.5 cm/a( Bl 5) . BP0 BRI R T 5
BRI UURE A, AT VD 1) Vg i B rh 1 3y
F3 0 R B T AR AN K ) RK DU
LR R WS A, HEIREE K2, BH-239, BC1 Al BC2
R & RN R, DI R kb, B4
i, FEREE 03, M2, BC1 il BC2 Bk AR AH X &8 40
(K6).

1976 4F 5 H &I i 18 3 K I g e, A H X
Sl BT () AR W, Kb T SR A DX Y 5 D
FT = A 2R R R VR R A4y
0.26 ke fHEEE IR ) B =AU KR = f

16

DIBLE R/ (cm/a)
oo %

~
1

33 92 A26 All
1976 4EH = 1976 4E)5

5 HEIRTE 3-3.9-2.A26 1 A11 1976 SERHI/FAIREE

Fig.5 Comparison in the sedimentation rates of cores 3-3, 9-2,
A26, and A1l before and after 1976

202542 H
SEHRIAR /D ek D
03 BCl1
6.8 7.2 7.6 6.4 68 7.2 7.6

2005 4 | S I —

2000 -

1995 1996 4F:

1990 -
= 1985 -

1980 -

A
1975 | 1976 4F-
1970 - T T T T 1 T T T 1
6.064687.27.6 54 60 66 7.2
M2 BC2
PR/ D e/ D
6 FEIRHE 03.M2.BC1 #1 BC2 FHfirfZn
hERETH
Fig.6 Changes in grain size and median size of core O3, M2,
BC1 and BC2

B X I 1976 - AT AT “I07 % Ry “UR”
X, R PR PR I TR AR T R VR R ) R K X
WA E DR, AT B B, R Ik R T
H 40 R X AL, | I S B0 K2, BH-239., 03, M2,
BC1., BC2 SR AL TR W B 4 AE B A4, 7
SR WESIREE K2 A1 BH-239 (15 Vb 43 1)
BT 7.78% F 1.78%, O3, M2 f{SE- AR i G
HI Y (7.2440.17) ®FI1(6.91+0.26) D43 HI KL AL N
(7.21£0.09) ®F1(6.8630.21) D, BC1 1 BC2 (1) h
fEREAE H B R Y (7.28 +0.05) FN(6.77+£0.08) D
W HLAE R (7.0740.48) ®FI(6.4240.50) D(E 6) .
(G P B N s e B e U (U E 2 s AN A B . 9 |
T BRTURR T A ) 2 A, IR 3-3 DT R
A PGERTAY 14.5 cm/a /N ZE 2.8 em/a(8] 5) . JEIE]
WA S KT = AMTTRRIE & B AR, 8 380
PLBCR IR IR % . 1976 4F 8Tl /5 03, BCL A
BC2 HIRFERY C/N (H PR, O3 H 7.93£0.64 %
i % 7.84+0.61, BC1 H 9.10+£0.88 [%{X & 8.24+
1.46, BC2 H 10.0940.96 F#fik 2 9.58+0.45(14] 7),
B 7 CTH o VIR AT AT DX A LA ML 1 52 i)
B
322 FEME R
1976 4117, B0 ] AU AT, SN X 45
TR VD IR 5270, 1 X IR B LAV R AR IR Y
Wy AR R Ok 3, R RO, SEMITE Z01. 202, Z03,
YDO02. A25 ZEFEMREE 1976 4E BT FRZ A LIRD R |
FR D SRR ZTR Ry 3, BLAR ARG . ansieM]
PRI EE YDO02 28 K GRS, A25



541 5 5 2 )

FLARAR, 25 BUCTTACT = AT e 18] s g R TR 1 73

C/N C/N
03 BC2
69 75 81 87 8.8 104 120
2000 F—»~L—L1 Oy E—'
o
(o]
o)
o
0.
1990+ o °
o
o}
o)
° o
1980 o
= G 1976 4
= o
Q
1970+ |
Q
o]
o8
o
1960 e
el
(o2
el
(o2
1950- O
64 80 96 112
BCI
C/N

7 #ER#E 03.BC1 #1 BC2 O/N 3L
Fig.7 Changes in C/N value of cores O3, BC1 and BC2

£ 1976 4517 1 DR 2 b bE 9 & 3 i A T
5%~ 10%, k45 K (6.93+0.52) d; 3 15 4R
6B P4 AR BE 1976 4F 7 (19 DT RLZ S ¥ R 4%
4 (5.85+0.20) d; [R]FF: A7 F- 38 8 A LR A Holk
FE A26 - ¥R 4% R (5.5740.08) @, I A H R Ny
1.38 cm/a (8] 5. 8).

1976 4B N TAECE 235 /KI8/5 £ 1996 4F
H 8 INHGE AT, Rk 6.15 12 t/a B E R4 i 14 =
WK Y HTH 1976 AR MGE R HIIR (E 2k
H YR AR, B AR D) A XS B, 5 RSN T
DX IRUTRVRRAE & A 2 3 (&1 8) o L, ST
A6 201, 02, 203 HORAE B 1976 4FHi A0 5 )2
FEAS AR ITZ SEM TS TE AL IRAIREE YDO2 A2

YRR/ @ YRR/ D
P4 A19
4.85.46.06.672 54 60 66 7.2
2005 L Il Il Il ] L L L ]
2000
1995 1996 4F
1990
&
& 1985
1980
1975 ] 1976 4F
1970 +—F7—T—
6.0 6.67.27.884 48 54 6.0 6.6
A25 A26
SEXRIAR /D SRR /D

8 HEIRHE A25.P4.A26 1 A19 FIRFIN
Fig.8 Changes in mean grain size of
cores A25, P4, A26 and A19

AR B R RS, A25 DURRY T b & B 2 AR,
SRR AL (7.48 £0.65) ©; FEM 7 R AL HAE
ARFE P4 RN A26 V- ki 254546 H (6.2240.56) DA
(5.71£0.32) @, i+ E B W3, BERVEVD Y B
FEAI R I8 T BOZ X UUR 3 1 i, AR AR 9-2 AN
A26 O TTRLH R 43 5 B 5.19 A1 0.72 cm/a 34 i =
9.44 11 1.38 cm/a(&] 5), S B HH Bifi 2 59T 11 P g 44
K, DU HCR B W LR . SRS, 1976 4
B CIE 2 KA T, FEOE KIS DT RS E
TSR T = A PN TR AF & A IR R 8k, 2k
R DURR Y T b s e D, R EE A Ak, TORR R
B,
323 HATA 2 R

PAT O X 3RAE 1976 4FFT LAYk B B0
YRR IRV K IR B Rz, Iz iz i A i 3h
F1533%, ZIX 1976 AT B LAARRLJE VIR R 3
Fean, BAT 1AM AL AHDIREE 1954—1976 41
] AR Y TR G 1 & it ik 22.38%, IR
H(6.74+0.67) D, R R A0 ; A7 F BAT AL
TRKIX [ BH-264 F1 B63 HRFE AP 5 2 [FIFE AR,
P EERXTEAT . 1976 AF B GE 2 KIS,
IR AT X BB 4 0. [FIET, OB P, B
)AL LR ) AR R AR, I 6 X, BRI T 1
BER HFAE ML DU S BOZ X UTRWI L 1976 4F Z RiTHY
DU YA 3 M . 1976 AERGE IS, BLAT D 1AM
ALl FERFERD & 52 I 3G N 2 7.85%, &+ & ks
K% 15.53%, FHRARH K 2 (6.64+1.46) D, HIE
AR . HALR B RIREY B 2 AT DT TAMA TR
KX B, 1976 4F 7 BH-264 FRFERD & 4.78%
BN 6.43%, kA2 (6.3710.05) oLk =
(6.18%£0.31) @, [AlF: B63 MR FE LML = (7.10+
0.29)O(1& 9) . FEMYe Vb 1 E AL I8 T Bk R
AN BIUTARE R 2.78 cm/a 3G I & 2.87 cm/a
([#'5) . AL, 1976 4FEhiE FF S 30 A E A2 T,
T SO RT A S X B VAT 10 DX g AR 7 34 o, A
Lt 1976 AFHi 81 4R ) BT i BE B 4 is , AT
VDI BN S BOZ X TR RGN, oy R

3.3 EAUKT =M 3T 1996 4 X8 E H895T R
i 2

A FIE-K 5 7K Y VAL B e AR R, 148 B 3k P
RAMAR, 1996 AF-AE MG 8 Wil AL 950 m 4b5E
T T TR, LA 1 G R K T
CALRS B IATTE 8 VT 1, 30 1L B e s T #0 J



74 Marine Geology Frontiers ML T

202542 A

AR/
All

4.0 48 56 64 72 8.0
2005 1 1 ! 1 |

2000+

1995 1996 4F:

1990+
&

& 1985

1980

1975 1976 4F

1970 - r T T 1
6.4 6.8 7.2 7.6

¥i@3§3ﬁé/ﬂ>
B9 HEREE A11 F0 B63 LR TSk
Fig.9 Changes in mean grain size of cores A1l and B63

UDHEZE DX S RN iz B AR, E T S B KR = A
HUTRRRAE & A — 2L R

1996 4F- P I A 5 [ A7 11 X3 K DR ) 11 1
Ak, A0 X TR s D TR LR, b B 4k
LR IUHLIE R (B 6) o TSI T DX 3 b T BT ek
HEZEW 8 MUa, HAZEM VD HELL I D, ST X 3
JUHGE ML PR, 5 1976 4FekiE J5 19 -1 H 4b
TSR, Bifi b =AU BTN = AN K X3 R TR
SRR . TR R R ) BT R SIE NV TR K IX.
B LU, AH LGB Y B RN, PR TR
YL AN RO, B TIEMNE TG ARk, JLE
) A25. P4 Fll A26. A19 HEIRFEH 1996 4FJ kiR
T &, SEHki e (7.48£0.65) D, (6.2240.56) @
HI(5.71£0.32) D, (6.63+0.36)DJ35175 K (7.21+
0.38) D, (5.60+0.59) ®F1(5.51£0.07) D, (6.34+
0.71) (& 8) . FATI I ALK 1996 4 it Ji5 B ]
Ve Vb 0 BELAEHE R X, 0] 11 10 7 4h AT /K T] 38 1 B B
a4, Je v iz ok B b R Bl g o1, RN RS B
TR 0 9D AR YR AR EE N, AR A TR
ARG 3 AERT R TOAR, 30 AL ARRAEAR T
TECE TR AR K, AL IR R HR PR 3
A7) 85I 1 R b X8, 40 B63 A AR AR 1 7 4k
2l 1996 4FE 2 Hi A (7.10+0.29) OHLIL E (6.99 +
0.18)®(&1 9),

4 HEie

T (B A S, — R EGE, T A R,
HETT 5 AT U5 AR AT AR B ) 2 TR i 4K

SEUKT = MM TTREE & 4 B2, A3
XA K R A 22 R TTER P HIRAE TR A Tk
£ XF HE RIS, BRI T AR B KR = A Y X
1855, 1976 F1 1996 4F- 3 M Bt = 44 1) T AR i) [,
BRI GRAN T

(1)1855 4F fg woim At b &2 IH i Js , e iih
B RV Y B A, B = A DA
FUE D 3, A HBGE T AR M SR o, 2
TALAE R 20 B U Y0 TRT 11 A SRGER TR, 243 Atk
Yy )3 i S ANERGE , S ECETK R = AR R
DX a4 2 B0 U b B Ak, R0 20 50 BRAIR, R
AR 5313 I 2 AU DAy FRLIEEhy SRR

(2)1976 4F-#&IAT -7 10 6 AGHE 22 7 /K T Tt e,
JE 37 A0 1 = A YN SR F T TR B A N Y D 4
AR, AR PR TR I RO R OB P A T U A VR
AR K X IR U, S8 O IR R
B HLAE, D s n, YRR BRI, IR L
X2 XA AL As H R 1) 5 e 335 o 8 Y] A T K
TS, SN T DX IR TIRT 1 DX 35 2 VT A 4 I
B0, AEXT A2 ) BT e U 5 AR R X IR TR
RN, 10 D, DU PG

(3)1996 4F 24, BHAAT/KIE 8 IS, S
DX 3 s s S M VS W S T e e VD R
YL, Y PR T A ) T A SR M TS TR K DX I Y
TR, SR X SR AL B, BT
FIE R 1996 4F- BCiE Je BT Je U0 i B2 AR X, T
UhHiis L R TR 3h 7 o 18 N 22 B TR A e v Y AR
A AT AR BUA T K AR IR K DR B 5
T RTAH AR AL

SE

[1] MILLIMAN J D, MEADE R H. World-wide delivery of river
sediment to the oceans[J]. The Journal of Geology, 1983, 91(1):
1-21.

[2] WANG S J, LI Y K. Channel variations of the different channel
pattern reaches in the lower Yellow River from 1950 to 1999[J].
Quaternary International, 2010, 244(2): 238-247.

(3] FHI IR, 23R, TR = AU L B R 4 2 A R AR T (1]
R S A I 22 b T, 2006, 26(6): 35-40.

YIN M Q, LI C. Shoreline dynamics and evolution forecast in
the Yellow River Delta Estuary[J]. Marine Geology & Quatern-
ary Geology, 2006, 26(6): 35-40.

(4] BUEIMR, AL FAL, 228 4, 45 BUAR B TT = f) ) 38 8 ) 3l
6] P [J]. WU 5 PUZE ST, 1986, 6(2): 1-15.

CHENG G D, REN Y C, LI S Q, et al. Channel evolution and
sedimentary sequence of modern Huanghe River Delta[J]. Mar-

ine Geology & Quaternary Geology, 1986, 6(2): 1-15.


https://doi.org/10.1086/628741

541 5 5 2 ) fL#%

xS BRI KR = A xR fa) SO S U R 75

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

PR, BRI R I 60 AR 37K YR Al Bt K KX = A i i 5%
Wi [J]. HLFE2AR, 2009, 64(11): 1353-1362.
PENG J, CHEN S L. The variation process of water and sedi-
ment and its effect on the Yellow River Delta over their sixth
decades[J]. Acta Geographica Sinica, 2009, 64(11): 1353-1362.
TEFEIE, UPETL, Bk, 55, B A DS TR 3% Ok
H *ﬁ)}f*ﬂme WE S [9]. ¥ 7 4 BT 5 50 DU 42 4 R, 2014,
34(4): 21-29.
REN H H, FAN D J, ZHANG X L, et al. Sedimentary records of
the Yellow River mouth migration: evidence from grain-size and
me[J]. Marine Geology & Quaternary Geology, 2014, 34(4):
21-29.
WU X, BI N S, KANAI Y, et al. Sedimentary records off the
modern Huanghe (Yellow River) Delta and their response to
deltaic river channel shifts over the last 200 years[J]. Journal of
Asian Earth Sciences, 2015, 108: 68-80.
2 Rk, 228 AR I = N P Z2 B4 i AT 1R
iF [J]. WS WTR, 1992, 23(5): 566-571.
LI FY, YUAN W. Stage proﬁ]es "Pb and implication of mi-
gration of the channel to the modern Huanghe River Delta[J].
Oceanology et Limnologia Sinica, 1992, 23(5): 566-571.
BRI, JUAEYL, XU, 4. 1855 4F B inf Ol = H A it A9 1T
FRIC SR (] T BRI R (A ARFIER ), 2015, 45(2): 88-
100.
LIAO Y J, FAN D J, LIU M, et al. Sedimentary records corres-
pond to relocation of Huanghe River in Bohai sea[J]. Periodical
of Ocean University of China (Natural Science edition), 2015,
45(2): 88-100.
AR, S0 N7 B YRS S ST T 5 A VA R AR Ak
9T (1. ML, 2003, 23(1): 49-52.
ZHONG D L, LIU J L. Research on the scour-and-fill structure
from the river mouth to the harbor bank of Yellow River after
the diversion[J]. Hydrographic Surveying and Charting, 2003,
23(1): 49-52.
XUBE, 42T, AR 5t 5. BT 3 = A1 N TR S i A L
ARG [J]. MR 556 DU 2R MBS, 2002, 22(3): 27-34.
LIU Y, LI G X, DENG S G, et al. Evolution of erosion and ac-
cumulation in the abandoned subaqueous delta lobe of the Yel-
low River[J]. Marine Geology & Quaternary Geology, 2002,
22(3): 27-34.
BURF, WAH, TR, 5. SUB0E DOk B = M R
A R B CHREL [7]. B AR A4, 2011, 22(2): 467-472.
HAN G X, L1Y Z, YU ] B, et al. Evolution process and related
driving mechanisms of Yellow River Delta since the diversion
of Yellow River[J]. Chinese Journal of Applied Ecology, 2011,
22(2): 467-472.
Tafls, PRk R, A AL, S5 BT = I K T 11 DI 4]
IRTHASRFE [7]. TR, 2010, 29(1): 44-51.
YANG W, CHEN S L, GU G C, et al. Accretion and erosion
characteristics of Qingshuigou lobe of the Yellow River Delta in
the near future[J]. Marine Science Bulletin, 2010, 29(1)- 44-51.
FEFRTT, XUk, FLAETE. 1128—1855 AR #EYA] A6 28 1 X

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

o v ) 2 S A S Y 2 D (], 9 b
31(5): 25-36.

XUE C T, LIU J, KONG X H, et al. Channel shifting of lower
Yellow River in 1128-1855 AD and its influence to the sedi-

U4 R, 2011,

mentation in Bohai, Yellow and East China Seas[J]. Marine
Geology & Quaternary Geology, 2011, 31(5): 25-36.

-, B 3OY, Tk SO B AR T R AR R T il
A5 [3]. NRFE, 1982, 4: 32-37.
YE Q C, YANG Y F, ZHANG Y F. Forming model and lower
reaches evolution of Yellow River alluvial fan[J]. Yellow River,
1982, 4: 32-37.

KA TE, BRI, XIBeEE, 45, BT = f g iR S 578
Al B RS AT S5 HLER (7). ¥ b 5 5 55 DU 22 4 5, 2016,
36(6): 33-44.

ZHANG S T, JIAY G, LIU X L, et al. Feature and mechanism
of sediment dynamic changing progresses in the modern Yel-
low River Delta[J]. Marine Geology & Quaternary Geology,
2016, 36(6)- 33-44.

2, W] R B 1 AR
ﬁi {J 9 A
1(4): 1-13.
PANG J Z, JIANG M X. Fluvial process of the Yellow River

(I1): ()1855 4E LI ¥ =
T v e 4R AR A K HA [, ¥ 7R i 41, 2003,

Estuary (II): changes in the flow path and coastline of the Yel-
low River Delta since 1855 and other issues[J]. Transactions of
Oceanology and Limnology, 2003, 1(4): 1-13.
PR, A5 sl 1 As: 1. iU st
WIVH, 1979, 10(2): 136-141.

PANG J Z, SI S H. The estuary changes of Huanghe River: | .

D] #5955

changes in modern time[J]. Oceanology et Limnologia Sinica,
1979, 10(2): 136-141.

HU L M, GUO Z G, SHI X F, et al. Temporal trends of aliphat-
ic and polyaromatic hydrocarbons in the Bohai Sea, China: evid-
ence from the sedimentary record[J]. Organic Geochemistry,
2011, 42(10): 1181-1193.

ZEHIIN, X — B T (M. Jbst: Bl AL, 1985.

QIN Y S, ZHAO Y Y. Geology of Bohai Sea[M]. Beijing: Sci-
ence Press, 1985.

VEZRY, w455 . B0ln] s A 1137 1 K SCRAE B b iR
S3AR (0] HERE S, 1980, 11(4): 295-305.

PANG J Z, SI S H. Fluvial process of the Huanghe River Estu-
ary II. hydrographical character and the region of sediment silt-
ing[J]. Oceanology et Limnologia Sinica, 1980, 11(4): 295-305.

ZHANG J, WEN H W, CHONG S M. Huanghe (Yellow River)
and its estuary: sediment origin, transport and deposition[J].
Journal of Hydrology, 1990, 120(1/4): 203-223.

RSO, RN B T O TR A 40 (0. W R TR,
2000, 19(4): 5-11.

CHENG Y J, CHENG J G. Analysis of the current field in the
new Yellow River entrance sea area[J]. Coastal Engineering,
2000, 19(4): 5-11.

B it v S DU R A 25 R A R B T B = (D).
T &: IR, 2014,


https://doi.org/10.3321/j.issn:0375-5444.2009.11.007
https://doi.org/10.3321/j.issn:0375-5444.2009.11.007
https://doi.org/10.1016/j.jseaes.2015.04.028
https://doi.org/10.1016/j.jseaes.2015.04.028
https://doi.org/10.3969/j.issn.1671-3044.2003.01.014
https://doi.org/10.3969/j.issn.1671-3044.2003.01.014
https://doi.org/10.3969/j.issn.1001-6392.2010.01.007
https://doi.org/10.3969/j.issn.1001-6392.2010.01.007
https://doi.org/10.3724/SP.J.1140.2011.05025
https://doi.org/10.3724/SP.J.1140.2011.05025
https://doi.org/10.3724/SP.J.1140.2011.05025
https://doi.org/10.3969/j.issn.1003-6482.2003.04.001
https://doi.org/10.3969/j.issn.1003-6482.2003.04.001
https://doi.org/10.3969/j.issn.1003-6482.2003.04.001
https://doi.org/10.1016/j.orggeochem.2011.08.009

76

Marine Geology Frontiers

TR LTI T

202542 A

[25]

[26]

[27]

[28]

[29]

LIAO Y J. Characteristic of sediments in Bohai Sea and reloca-
tion of Huang River[D]. Qingdao: Ocean University of China,
2014.

RIFTS, PhKAR, REM, . B KT =AU 0 MR
B3R O3 A 5 UTRRARAE (7). 7 b 5T 5 46 09 242 3t S5, 2020,
40(3): 43-50.

SONG S S, SUN Y F, SONG Y P, et al. Nuclides distribution
and sedimentary characteristics of the Diaokou course in Yel-
low River subaqueous delta[J]. Marine Geology & Quaternary
Geology, 2020, 40(3): 43-50.

QIAO S Q, SHI X F, SAITO Y, et al. Sedimentary records of
natural and artificial Huanghe (Yellow River) channel shifts
during the Holocene in the southern Bohai Sea[J]. Continental
Shelf Research, 2011, 31(13): 1336-1342.

T T, BTIR, A, A5 E AR B = A P AR LA 4T
TEBRITARIC S I B H M R 3R (0], WA ST S 20 I 4 b o,
2016, 36(4): 29-39.

FANY Y,BIN S, LI Y H, et al. High-resolution depositional
records in the northeastern adjacent area off the Huanghe (Yel-
low River) Delta for the past hundred years and their influence
factors[J]. Marine Geology & Quaternary Geology, 2016, 36(4):
29-39.

ZHOU LY, LIU J, SAITO Y, et al. Modern sediment character-
istics and accumulation rates from the delta front to prodelta of
the Yellow River (Huanghe)[J]. Geo-Marine Letters, 2016,
36(4): 247-258.

A, XIS, K. BRK R = AN FLITRR IR il SR &%
HARR2AE S [T). Bz, 2021, 66(30): 3902-3915.

CHEN T, LIU Q S, ZHENG Y. Environmental magnetic proper-
ties of core sediments in the Yellow River subaqueous delta and
their chronological applications[J]. Science Bulletin, 2021,

66(30): 3902-3915.

[30]

(31]

[32]

[33]

[34]

[35]

[36]

LIU L, WANG HJ, YANG Z S, et al. Coarsening of sediments
from the Huanghe (Yellow River) delta-coast and its environ-
mental implications[J]. Geomorphology, 2022, 401: 108105.
WANG HJ, YANG Z S, SAITO Y, et al. Stepwise decreases of
the Huanghe (Yellow River) sediment load (1950-2005): im-
pacts of climate change and human activities[J]. Global and
Planetary Change, 2007, 57(3): 331-354.

BIN S, YANG Z S, WANG H J, et al. Sediment dispersion pat-
tern off the present Huanghe (Yellow River) subdelta and its dy-
namic mechanism during normal river discharge period[J]. Estu-
arine, Coastal and Shelf Science, 2009, 86(3): 352-362.

BIN S, WANG H J, WU X, et al. Phase change in evolution of
the modern Huanghe (Yellow River) Delta: process, pattern, and
mechanisms[J]. Marine Geology, 2021, 437: 106516.

TLICHE, FIEA. SEM R IV 4 B 28 MO 5 R B 4 A
MIRZ [J]. M7 ST, 2005, 36(2): 97-103.

JIANG W S, WANG H J. Distribution of suspended matter and
its relationship with sediment particle size in Laizhou Bay[J].
Oceanology et Limnologia Sinica, 2005, 36(2): 97-103.

FIE, JH B, FIRA, S = YN S e e A2 AR
BLH: LB PR SETE R i) (0], 4 5 S5 5 DU 2L R,
2021, 41(2): 22-29.

WU X, FAN Y Y, WANG H J, et al. Evolution of abandoned
deltaic river channel: a case from the Diaokou channel of the
Yellow River[J]. Marine Geology & Quaternary Geology, 2021,
41(2): 22-29.

B, BN, 1976 4F B GE LUK = M N R XA fL i
I [9]. VS, 2004, 35(4): 306-314.

HUANG H J, FAN H. Monitoring changs of nearshore zones in

the Huanghe (Yellow River) Delta since 1976[J]. Oceanology et
Limnologia Sinica, 2004, 35(4): 306-314.


https://doi.org/10.1016/j.csr.2011.05.007
https://doi.org/10.1016/j.csr.2011.05.007
https://doi.org/10.1007/s00367-016-0442-x
https://doi.org/10.1007/s00367-016-0442-x
https://doi.org/10.1007/s00367-016-0442-x
https://doi.org/10.3321/j.issn:0029-814X.2005.02.001
https://doi.org/10.3321/j.issn:0029-814X.2005.02.001

541 5 5 2 ) FLARAR, 25 BUCTTACT = AT e 18] s g R TR 1 77

Sedimentary response of the modern subaqueous Yellow River Delta to channel
migrations in the 1855, 1976, and 1996 diversion events

2

KONG Miaomiaol’z, LIU Surui3, WANG Houjiel’z, BI Naishuangl’z, HU Limin" ,
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YAN Tianhao"’, REN Xixi"”, LIU Yanhao"’, WU Xiao"

(1 College of Marine Geosciences, Ocean University of China, Qingdao 266100, China; 2 Key Laboratory of Submarine Geosciences and Prospecting
Techniques, Ministry of Education, Ocean University of China, Qingdao 266100, China; 3 Lijin Hydrological Station, Shandong Hydrology and Water

Resources Bureau, Yellow River Conservancy Committee, Dongying 257400, China)

Abstract: The migration of deltaic river channels is a major factor affecting the sedimentary evolution pattern of
the delta. Due to its large sediment supply and frequent channel migrations, the Yellow River Delta was regarded
as an ideal area to address this issue. In this study, we systematically collected the age and particle size data from
22 sediment cores to explore the impacts of the three Yellow River channel migration events on the sedimentary
evolution of the Yellow River subaqueous delta and spatial differences in the delta’s response to the same migra-
tion event. In 1855, the northward inflow of the Yellow River into the Bohai Bay caused changes in the sediment-
ary sources and sedimentary dynamics, resulting in refined sediment particle size and a shift in particle size fre-
quency distribution curve. In 1976, the Yellow River was diverted from the Diaokou course to the Qingshuigou
course, causing the particle size of abandoned Diaokou subaqueous delta to coarsen with increased sand content
and decreased sedimentation rate. Interruption of the terrestrial supply increased the influence of marine organic
matter on organic carbon burial. However, the direct supply of fine sediment from the Yellow River caused the
fining of particle size seen in sediment cores in the Laizhou Bay and the active river mouth area. Since 1996, the
Yellow River has been diverted to the Q8 course, causing a continuously coarsening trend in particle size in the
Diaokou area; the main source of sediment in the Laizhou Bay area had changed to eroded coastal materials with
coarsening particles; and the active subaqueous delta received the material supply from the Yellow River sedi-
ment, but the dynamic sorting during transportation caused a trend of particle coarsening in the shallow area.

Key words: channel migration; Yellow River subaqueous delta; delta evolution; sedimentary characteristics
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