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Abstract: The distribution characteristics of 16 elements in the surface sediments from 180 sites in the Yellow River Delta were analyzed. The
effects of sediment grain size, hydrodynamic environment, and material sources on geochemical characteristics of the surface sediments were
analyzed using multivariate statistical analysis, numerical modelling, and element ratio; and the main controlling factors of geochemical
characteristics of surface sediments in the study area were discussed. Based on the distribution of geochemical elements, the study area was
divided into six geochemical regions by cluster analysis. Most of the elements (TFe,0;, Al,05, MgO, MnO, K,O, Cr, Ni, Cu) in Regions I-2, I-
3, 1I-2, and the eastern part of II-1 are characterzied by elevated concentrations, and the sediment grain size in these areas is fine. The contents of
SiO, are higher in Regions I-1 and II-3, and the sediment grain size is coarser. Results show that tidal current controled the initiation and
transport of sediment in the study area, and tidal residual currents affected the enrichment of fine-grained sediment and most elements. Local

hydrodynamic environment controlled the spatial pattern of grain size in surface sediments. Obvious regional differences in material input from

FRENT B - v [ 5 4 A JR) Hb 9 A 3 H (DD20221724)

EHBE N HFEF1997—), I, Bl L0534, i TR Lk, E-mail: 1012665224@qq.com
BIREE: 9 HZ(1980—), 5, # 4%, FTNF I FE IR 8 J1 W5, E-mail: hrj@ouc.edu.cn
e im H 81:2022-04-13; 2B HHA:2022-07-05. KIS R



425 5 6

AT, A B =R U R SRR E LR M R AL R S A RS PR R 105

the Yellow River and human activities were revealed. The modern Yellow River estuary was strongly controlled by material input from the

Yellow River. Human activities had a stronger impact on Chengbei Old Yellow River estuary, especially Cd, Zn, Pb and P,Os. Natural factors

were the main factors on the geochemical distribution of surface sediments, while human activities further alytered the spatial distribution of

some elements.

Key words: surface sediments; controlling factors; geochemical characteristics; Yellow River Delta

R 78 W PEUUR ) i M BR T 24 o0 2B % 1 oy
A FUEEAS A AT LUAE 7R TOB 0 ) R U5, 3 mT )y
Yy iz DA R GO P R (AR AR 0 ST = A
Fp A R R 1 = A W 22—, I R A0S 30 VA el
il Y5 490 IO ] Y B a1 O B X BRI, KR A R W,
Yy BORREL K Bl IR B TRk R 4 R B —
£ U 8 170 1 35k % 2 U R ) Ml Bk b 2 RR AR Y 5
M PR 28050, e A 2 0 o 3 A il Vg S X 3 A e R
A5 % B0, I SRy i X3 32 1 ) ORI, K
Bl S I8 DA ) o A Xk 3 2 DR 4 O 2 4 A
HATHEE W, A W5 R, B8 XN [ 3
500 PR 3R 20 R0 R LA A i B 2 SR BH R U, BT =
£ U AU 6 3 1) #E T U KA FE 1976 4R I 0
T N T KA S, FE e Y R ) 7
e A S R R T W Ok R,
Fr 28T SR AE K B 1 R B VR T 32 Bl 5k 5
A A5 A O, (EL TR S AR AR BT BT ) R
T AT = A N AR A BA T B O A DT B
JIEAFSE F . PRI B B DA S SRR, BT e VD
SR I B A ) TR IR Y, AR VD
Wil %5 JC R A9 & i 5 40 A 1, 3 26 40 Jo (W) A A 57 38

40°
N

39° b

380 5

W

117° 118° 119° 120°E

——————————

-100 0 100 200
R /m

Vi AR AR AE R R U A E AN,
T v i R, BT B O R NS SR
SR AN R ZU, PR AT ST ISR R LR W Hu Bk Ak 2
BIF 5t 22 Wi N 2635 2l B2 SR T, AE b B
L (523 i B 7 S AN G B 1 1< RN (T P S
T 2R 85 N2 1 2l J i i A4 175 Gt B S 52 o o 2%
S B JE SR PR

g5 LRTIR, WSS IX VLR B IR S IR 2 A8, N2k
I S ISR, MR A ARSI P 3R A2 ELANIA] X
B2E SR . SC TR IX M ERAL AR S A I T
UTAFE ARG T — 5 BYCR, (EXF [ 98 IR R i
By R A B8 82 000 5 SR A 2L, [5) sf Xof AS [ X3 Wi
MR 22 sk = RGPS . PR SCHE R A
AR R FE R LTI 58 3 1 B = A I 3 T
RIZ VORI  ou R o0 A U S HSE R 2R

1 MRS

1.1 FERkIR
FZVUEY 1 AR A S DU M AT A B

ik A
(B = f I
[."i i~
YR g ditve
i E‘A ﬂ“ {EX

JKIA/m I

>28
2628 £k

HLAT A0 i
CilAD SR

i

18~20
16~18

R
-

@ 20154

® 20124 0 10 20km
Il
118°30’ 119°00’ 119°30'E

U SR = A M A i 3 S U SRl A )

Fig.1 Sampling sites of surface sediments in the Yellow River Delta'

19]



106

TR TE LT 5 5

ERR AT 2022 4F 12 H

2015 4% 9 H R 5 0 7 b B IF 5% B 2012 4% 7 A B
KA UK R Z VTR R i SO 28 217 oR 4
I Al 5F B S B B R D T 2 ke, DT 2 kg B AE R
by B 30T B SRR, 7 2 W URCR R AN AN SRR B, B AL
PRI, SREESTERGFE M E TR LIRS, Ml tric o
T35 R DA S 3 AR A M LA Ko N g, I
KAV 180 A, HAKGG A7 WA 1,

1.2 RESH

L W AE 0 b 2 2 4y R AR A T
FHR BT 5 2Ry A 21 53 & i3 v 1 2 R T Al
ot bk 14 o [\ g9 BOE R H
Mastersizer-2000 %Y % 't k7 B 3 A AL (Il & 7 [ N
0.02~2 000 um, i 2% < 1%, &I 050<1%) . A&
SCXF T U0 AR A R G Rl 43 SR A i O 4 A 20
(Udden-Wentworth) 55 He il @ R bR e, R 2500
TH5 R H Folk Ml Ward [ f#f % 11552, 5k F Folk 43
FLIHAT IR B 5y FE R 4

1.3 TESH

13.1 AR LTRLE

# 50.00 mg Mt 5 B DT ik E T R U L
S5 VA RE AR R I A/ v 2l K DAENRARE & . AE
PR H A 1.50 mL #5526 HNO; A1 1.50 mL /) 5
4 HF [ 85 2)JF 00T Y2 205 B N BB T B T i B4
M b 76 iR R, B 1 mL ) HNO; 28 1. il
A 3 mL i 4l HNO;(1: 1), 0.5 mL Rh P 45 I
(1.000x10°), il 5 S B4 %2 M, A 150°C /Y HE A

41°f
04

400
1

1#@ W{4E

390t
17’

38°t
23’

37°1
28’

E -l

117°44"  118°51’ 120°00’ 121°10

122°23'E

OREE 24 ho BHG, B IOR B 2 T4 09 R IR
R A 28 K G A R e,
1.3.2 AR S ML B F 354

W0 K VL& Cr, Zn, Zr B9 IR f ] ICP-
OES; Ni, Cu. Cd. Pb il {ifi H] ICP-MS. ¥ %%
JH iCAP6300( H, JEAH 5 45 B 1 K & itk 40 A X
series2 ( FLEGE & 45 B TR IS0 o 28 FOu B
fiff B2 ¥ W (2%) , B A5 fE 4 it ( GBWO7311 Al
GBWO7313) 1 by A 14 V5 W LA 22 il b v T4 il 2% .
WP R S A GBWO07309, FH T I 2 458 i 14 W 2 B
st b o 55 A3 P AR A5 I 2 i =2 1B) 04 22 (R K
F 5%, IF Hoo R E = 5050 1 70 B 45 SR Ak 7
10% AN .

1.4 EEE

AR X E

BMH #E4R B MIKE21 # (9 Flow Model FM
HD #5 8e, ff F#R e Galerkin 4 B 70 12 #E 47 7K F 25
[ G Ry Al e B e = S A 1 I i E TN
SUINE =S SN e B N B 1
142 HHRKEKE

AR BAE A Y T8 B i 18] 2 R, THaR AR
Fr 35 Fl M 36°59 '15.743 "~40°59 '21.417 "N,
177°32'22.881"~122°39'30.992"E, #i#&I % ] =44
DA 2E A7 AR, Bh i B A R T LI A
17 o BERLTH IR A i AR YR F 5 DX R ) s 1 3k 1
BB A R AT b ER ST = A oe 3R 37 217
A, T s AR 20 827 4~

1.4.1

38°F
30" |

38°
00’

37°
00’

TR

©5# dHMMERIT Ay O

1

118°30’

119°00’ 119°30'E

2 HFFE X T S A%
Fig.2 Gridding of the study area



542 5 o AT, A B = A N A R R DU IR AL 2B R 20 A B (R R 107

®1 HRSAEIESBR

Table 1 Information of tidal current and tidal level verified on site
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Fig.4 Distribution in concentration of major and minor elements of the surface sediments
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Table 4 Correlation coefficients between values of elements and average particle size in Chengbei Old Yellow River estuary
Si0, TFe,0; ALO; TiO, CaO MgO K,O MnO P,05 Cr Ni Cu Zn Cd Pb Zr Mz
Si0, 1
TFe,0;  —0.99 1
ALO;  —096 098 1
TiO, —-0.57 0.58 0.50 1
CaO —-0.57 0.44 0.41 0.33 1
MgO —0.81 0.81 0.72 0.58 0.38 1
K,0 —0.96 0.99 0.99 0.49 0.36 0.75 1
MnO —0.94 0.94 0.93 0.55 0.47 0.75 0.91 1
P,05 0.17 —-0.19 —0.27 026 —-0.07 0.16 —-026 —0.15 1
Cr —0.84 0.84 0.78 0.70 0.45 0.84 0.80 0.88  —0.01 1
Ni -0.91 0.92 0.92 0.52 0.44 0.69 0.91 076  —-024 0.75 1
Cu —0.78 0.78 0.77 0.40 0.39 0.57 0.76  —-0.11 -024 0.60 0.74 1
Zn 0.11 —-0.10 —0.11 0.00 -0.01 -0.11 -0.13 —-0.16 —0.07 0.16 -0.06 0.03 1
Cd 0.12 —0.15 -0.17 -0.02 -0.07 -0.09 -0.17 0.36 0.13 0.18 —0.16 —0.01 0.98 1
Pb —0.22 0.23 0.21 0.26 0.12 0.11 0.21 0.27 0.10 0.17 0.38 025 048 0.37 1
Zr 0.78 —-0.77 -0.79 -0.08 -038 -0.64 -0.78 —0.73 —0.14 052 -0.68 -0.61 0.11 0.11 0.03 1
Mz —-0.94 0.94 0.94 0.47 0.43 0.75 0.94 085 —-020 0.75 0.86 0.77 0.10 0.14 0.13 -0.78 1
E: n=62.
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Table 5 Correlation coefficients between values of elements and average particle size in modern Yellow River estuary

Si0, TFe,0; ALO; TiO, Ca0 MgO0 K,0 MnO P,0s Cr Ni Cu Zn Cd Pb Zr Mz
SiO, 1
TFe,0;  —0.91 1
ALO;  —078  0.84 1
TiO, —0.10 0.31 0.16 1
CaO —0.80 0.74 0.54 0.08 1
MgO —0.88 0.92 0.77 030  0.80 1
K,0 —-0.75 0.77 0.84 0.14 057 0.69 1
MnO —-0.78 0.87 0.76 025 059 0.75 0.70 1
P,04 0.11 —-0.02 -0.27 0.71  0.06 0.06 034 -0.06 1
Cr —0.64 0.62 0.58 037 022 0.53 0.38 0.58 0.01 1
Ni —0.81 0.66 0.56 0.06 039 0.57 0.46 0.56 -02  0.78 1
Cu —-0.87 0.90 0.79 020  0.70 0.80 0.76 0.81 -0.12  0.57 0.67 1
Zn —-0.76 0.84 0.85 021 054 0.75 0.71 0.75 -0.19 059 0.61 0.82 1
Cd —0.68 0.50 0.21 0.01 041 0.49 0.26 0.36 0.02 054 0.80 046 0.39 1
Pb —0.81 0.78 0.70 0.10  0.66 0.74 0.71 072 —-0.10 0.52 0.63 0.86 0.69 0.49 1
Zr 0.19 —-0.14 -034 008 002 -0.07 023 -0.13 0.38 029 -028 0.15 024 0.01 0.07 1
Mz -0.74 0.58 0.54 0.05 034 0.50 0.45 0.48 -020 0.69 090 058 054 071 052 -0.25 1
E: n=118,
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Table 6 Results of factor analysis

SR AL SR BT S R
TeER Ay
FI. F2 B3 FI. F2 F3 F4
Sio, —0.988 0.007 —-0.067 —0.829 —0.517 0.018 —0.079

TFe,0; 0.989 0.004 0.054 0910 0.300 0.165 0.110
AlLO; 0.978 —-0.013 —0.068  0.882 0.012 —0.020 0.385
TiO, 0.544 0.094 0.674  0.163 —0.045 0.955 0.104
CaO 0.503 0.028 0.123 0.792 0212 —0.011 —0.333
MgO 0.789 —-0.049 0.407  0.875 0.274 0.181 —0.030
K,0 0.973 —-0.024 —0.048 0.855 0.068 —0.295 0.142

MnO 0.951 —0.001 0.066  0.836 0.188 0.135 0.161

P,05 —0.237 0.011 0.835 —-0.115 0.028 0.846 —0.393
Cr 0.833 —0.069 0.366  0.400 0.537 0.319 0.555
Ni 0.936 0.071 —0.026 0446 0.776 —0.021 0.352
Cu 0.812 0.139 —-0.103  0.882 0.292 0.040 0.114
Zn —0.114 0.966 0.011 0.825 0.159 0.054 0.312
Cd —0.168 0.924 0.050  0.243 0.933 0.007 —0.043
Pb 0.257 0.678 —0.002 0.808 0.334 —0.026 0.008
Zr —0.784 0.089 0.195 -0.093 0.021 0.189 —-0.806

FZETTHR  57.68% 13.53% 9.04%  45.48% 19.86% 11.40% 9.96%
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