w1
Haiyang Xuebao

$43% 8 5
2021 4F 8 H

Vol.43 No. 8
August 2021

X, PR, NI, S S5 IG R S v HRE AR W OT 3R b Bk 200 St AR RUBE IR B AR L[], I TR AR, 2021, 43(8): 66-80,
doi:10.12284/hyxb2021098

Zhao Yifei, Xu Min, Liu Qing, et al. Centennial scale environmental changes in the elemental geochemistry of tidal flat sediments in the north-
ern Jiangsu radial sand ridges[J]. Haiyang Xuebao, 2021, 43(8): 6680, doi:10.12284/hyxb2021098

F b4 570 I B T AR ) 7T = M Bk AL,
ERMNBERENETH

Bk, e, x|, 4R, TR

(1. P AU A2 Mg VRl 5 TR A B, VL5 Fd At 2100235 2. B AUV K2 HhFRARF 2% 2% e, VLJF 6 &t 210023)

WE. AL EADPNEZLATIARA AR TFERK, FKIT HTRDELMARR RS I W
EREPH, KT THANRDRREREE, IR TETURTART R EANEERGL, EEAYD
MERXETINEHENBY B, BITENFERESR, XA S 2 HE XRF T E 3 # L HATH K
EFETEMR, A XRFEEREGHN UHTEHATREME X BT EARBRAECGL, XL EE
FREANEFEGMERARTATOHRILESDNERTRIAERN ., £ XKW, & X8 A 2k 5
s SR A SiiCa,As 1 Fe TR AE A & B4, H B i w2 & F W /n, Mn,Ba, Cu M Zn TG
F0ERK, EHMANELEL LTI A, AEW L, SiCafmFe TEEMBY — %K, M Ni.ZnF1 S T
FEFRAAEREEFTENGSiCafnFe R N R % . XX ZMEL LM E R, Si.Ca#1 Fe T
FzEEAREGHAEXHE, HAEFAMNNRCFAT I - R KF; 5TEN.CufiZn 2 i
A BRTXHATEENHEEATRANRRAOET Y., ALBHDPNAERR D ABRITIEL &
THEEHMEASRRAEALAR N EMAE, WRRBE KD HAR ALXFTFERZEZFENR
HRELTHMHEERE.

SE4BIA: Wk VAR 70 R MR AL 5 XRE; A 5R 4T 0 M

FES%ES: P36 XHkFRERD: A XEHS: 0253-4193(2021)08—-0066—15

HERAL 2 R AR S 2%
I3 AC R S0 P S A T B VTR Ah— R R

i

1 5l

T A R i M 5 T S A T B T T, R
Wi 7 4 3K 72 Ak Il ¥ 45 7o 30 0 A0 T e Dy VT L i B
S Mo O AR D T R A B LAY, T
K TWRFZERN, ERIPIBRE. LY ZH
PR KU B A AR 9T 2 DT T A5 AN Al RN
AR RIC S SR T | 9 | IR A R A 3l
255 A, T 1 V1M DX B 0 SR R L T AR 2 1A

%5 B #5: 2020-06-02; & 1T H #: 2020-08-18.

9« ML A T AR AR, JHC ) 5 oh T8 Tl 300 i e N S
JLR G e SR NN R (T B2 L AN (535 A 21 e
F DR R Ak SE TR S T 42 5 A Rl
IRGEE7 R I NALRNE(FIE=E: VR T AR N2 R S )
R R, I, R TR Z M RE. Ik, 2RI,
B P A5 R AR YR YL 45, TR VLT3 0 7 4 2R A 0]
B I AR TR, A R e R R R A

BEEWMB: MF A RRIE4 (41801005, 41671195); V1.5 4 1 7 R 01 5 & Wi (JSZRHYKJI202002); 175745 185 %24 4% H AR BE 2 F 58 1 K 33 H

(19KJA180004 ),

TEF BN B — «(1988—), W, Hilt & BT A, 14, 328\ F 1 2 45 Bl v A B VR P58 . E-mail: yfzhao@njnu.edu.cn
SIS RE(1971—), &, MTIHRAITIATTA, 2082, i, E2 N FEFH IR SHREEHS . E-mail: xumin0895@vip.sina.com


mailto:yfzhao@njnu.edu.cn
mailto:xumin0895@vip.sina.com
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

8 B —TRAR: IRALAR S U U UL AR M) 0 R M BR AL A0 A T AR R RS AL Ak 67

R e IR A P DR SR 7 S, O AR 22 1 S R AR
WA PR B R ar O B . SR, FEid 25 7 ARAER A]
L, T A2 B RS R D 25 A R e (s e
P e B B F0RE P TRT L ), A SR D A e O
RREh TR e A U . FAT, DO IR AL AR 5 7
T R U Y BIF SR L 20 22 60 AR AR T B DG TE,
80 AFAXTT I8l A I P 2 Ji& , 28 173 17 A b T 9] £ 31
T AT . A PR A B E BT R R X — B
BeBR 5 32 EEAR v e A5 0 A 8 S5 DS ) 23 e
P T 2 3 U SIME I A T S AL, K TR R G
T RS AR e T AR Ao S AR O 07 e T A
A AR RS T A R KRR A A
oK B X 0 A T S ) S T i PR 5 XL i
MEDLAIC 5% . W nh AR PR (R M L D) b
R AR T T 20 SRR DA DX RO o 90 HfE T AR
BER WSS BT T8 22 ORI 5 X 23 B Bt
FENAE A B WFTET7 LA — B, [ X A ARk,
YUk A . N BB SR A4 R e R T AL AR
0 e AR PR 45 0 ThT Bk 2 R GERIDE S FTR A T fift

JLEAE ST UL ) T 4 B B B AR AR 2 —,
TE M 2 i A rp B e BR AL 2 A7 O 5 O AR AE L B )

120° 125°
of i -9
450 = ‘t’. s, P : .._'.v ¥
A e A <
N fé L P
e ;4.'.'__ = i
.#}I.. J""
.
40° T
e - *
B <
'-”i" f@)@é Yo ¥
350 & (%‘ 2l
e il B e o
& \:‘ \ . v
. .r‘ _.l s
X ; CD}NJ J‘;{‘g‘d
30° G LA s
- 3
° ’ ~ : “0 205 410 km
25° 4 _ =

A CRNTTRRI 1 3l ) S5 1B DI AROC, 10 sk 1 it R D0
WA AL Y BAE B e, X 2k 2t 4 i (X-Ray
Fluorescence, XRF) f& — 1 i H F UL T R /3 H1 i1Y
BT vk, A e Hr B JCHRE i L i Sk
UL A3 B R LA SRR i A R AR AR P e 29, Gl 4
o, XRF A1 ot ik 2 )iz 1T OUR Y 3R 55 i
S, AR I A3 B el S ol R B
ity Bk F 44, B T A AR e, R, AR S
3 L A ST AE O G R G VD DI R e R B A AR TR
O, EET AT RE A AEARAE AR, R T o0 R M ER b 25 il SRR
ORI 2 80, T Ji ) e 0 AR B B i AR F 5, DA
TE B TA TR e O R AR IE B HC T Iy s, SRy i DX Sl e
LR RN R AR 2 AR, 00T O i e S I ]
ARG A BT &) 9% 5 A 42 2 b X 22
Urit SRk R B BN L.
2 B RUR S ik
21 WARXER

FRACER STV (] 1) J2 434 T 3R E VI3 72 b —Fh
FROR A . AR DTRA R, 70 Z2 554 E 5
T YA 30 R TR) A S S S ZEL A, LA N S A, 2

120° 121° 122°E

B #F5T X R R 7
Fig. 1 The study area and sampling location
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YSCW: Yellow Sea Cold Water; YSWC: Yellow Sea Warm Current; YSCC: Yellow Sea Coastal Current;

CDW: Changjiang Diluted Water; the red point is sampling location
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Table 1 The information of core sediments samples

station in tidal flat in the northern Jiangsu radial sand ridges

Hi S TR Hb 2 HhpE 2574
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Fig. 2 The profile of core sediments in tidal flat in the northern Jiangsu radial sand ridges
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Fig. 3 Sediment deposition rate in tidal flat in the northern Jiangsu radial sand ridges



8 X — AR TRALAR S VI R HETCR Y 00 R H R AL 20 SR AR R R AR AL 71
PRI/ um PR um PRI/ um
0 20 40 60 0 20 40 60 80 30 45 60
a b c
1041 10 1 10
20
204 20
30
304 304
40
40 40
50
50
§ 307 8 5
= i{a me 60
B B . %
] 70
70+
70 80 -
80+
80 90 4
901 100 4
90
100 + 110 4
1004
110 120
CTO1 CT02 CTO03
& 4 Frdbim i P E S TR Y kAR
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Table 2 The element content of core sediments in tidal flat in the northern Jiangsu radial sand ridges
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Si 16.76 ~ 151.80 9541 3199 0.34 172.94 56033  246.00 75.10  0.31 11.49  549.54 23509 122.1 0.52
S —224.6 13256 3476 8232 237 16.73 147.06 7540 3494 046 —146.7 176.34  87.08 4881  0.56
Ca 36.45 25378 14492 4986 0.34 20621 636.93 285.80 62.13  0.22 12.75 33783 17628 65.69 037
Ti 19.17 77.24 48.59  11.59  0.24 28.33 88.94 58.27 12,65 022 2233 84.53 48.05 1325 0.28
\% 27.85 83.24 51.80 1094 0.21 21.97 74.40 45.63 9.39 0.21 27.91 74.59 48.28 9.07 0.19
Mn 6.85 66.61 2936 1252 043 3.68 50.18 25.73 1042 041 6.19 65.04 27.83 1137 041
Fe 88.52 84736 42582 1613 038 601.70 1793.6 887.94 187.26 0.21 5.57 12135 60423 230.8 038
Ba 527 18.16 10.64 2.46 0.23 6.62 22.55 13.66 3.01 0.22 1.92 22.98 12.88 3.78 0.29
Ni 36.79 65.28 50.07 4.90 0.10 33.09 53.30 43.83 423 0.10 3433 64.57 48.69 4.87 0.10
Cu 8.72 27.03 17.27 3.87 0.22 4.08 26.28 16.01 4.00 0.25 6.28 27.71 17.22 4.27 0.25
Zn —0.83 15.15 5.31 2.94 0.55 —0.91 18.71 5.68 3.78 0.67 —-0.72 15.63 5.54 3.30 0.59
As 168.18 32938  248.10 2825 0.11 186.12  351.51 240.38 2898  0.12 167.67 312.54 24335 2983  0.12
Rb 7.68 84.77 5046 1529  0.30 30.70  101.78 5892 1421 0.24 21.84 85.56 5230  13.11  0.25

Sr 4509  132.00 8247 1844 022 53.18 13633 9192 1560 0.17 28.04 13226  85.01 1935 0.23
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Fig. 6 Element distribution curve of core sediments in the Spartina alterniflora tidal flat of Chuandong Gang
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Table 3 The element correlation of core sediments in the Spartina alterniflora tidal flat of Sheyang Estuary
BN Si S Ca Ti % Mn Fe Ba Ni Cu Zn As Rb S CFhifR
Si 1
S 0.52%%* 1
Ca 0.63%* 0.43** 1
Ti 0.04 —-0.03 0.17 1
\% —0.24* —0.45**  —0.26%* —0.05 1
Mn —-0.13 -0.12 —-0.05 0.04 0.15 1
Fe 0.55%%* 0.45%* 0.85** 0.22% —-0.28** -0.02 1
Ba 0.37%* 0.21* 0.38**  0.25* -0.15 —0.01 0.34** 1
Ni -0.27**  —0.06 -0.29** —0.12  —0.08 0.10 -0.23* —-0.08 1
Cu —-0.19 —-0.07 —-0.15 —-0.15 0.01 0.02 -0.08 —0.22*  0.39** 1
Zn 0.14 0.10 0.10 0.09 -0.17 -0.09 0.12 0.04  —0.08 0.10 1
As —-0.09 —0.05 -0.09 —0.03 0.14 -0.17 -0.08 —-0.21*  0.08 005 0.12 1
Rb 0.02 —-0.10 0.02 0.11  —0.09 0.04 0.01 0.03 0.05 -0.12 -0.09 —-0.04 1
Sr 0.20* 0.08 0.22% 0.05 —0.10 -0.02 0.18 0.10 0.17 0.02 0.04 -0.12 0.09 1
FERAR 010 —0.25 —0.59** —0.03 0.12 —0.18 —0.65** —0.09 0.17 0.06 0.08 0.14 0.08 013 1
TE: **FIRTE0.0190) (XUR), AHOGHE 1355 *FIRTE0.059U5 (R ), AHCHE 3%
x4 I FBERXRERSSTARYPTEREXG
Table 4 The element correlation of core sediments in the Spartina alternifiora tidal flat of the Chuangdong Gang
PSS Si S Ca Ti V. Mn Fe Ba Ni Cu Zn As Rb  sr PHpRife
Si 1
S 041** 1
Ca 0.74%*  (0.33%* 1
Ti 0.34** 0.05 0.36%* 1
\% -0.02 —0.13 —-0.10 0.07 1
Mn 0.09 0.14 0.02 —0.05 -0.15 1
Fe 0.50** 0.15 0.87** 0.31** -0.15 —0.02 1
Ba 0.29%* 0.19* 0.12 0.08 -0.12  0.03 —0.01 1
Ni —0.04 0.06 —0.27** —-0.16 -0.02 -0.07 —0.31** 0.11 1
Cu —0.12 0.07 —0.14 —0.10 0.05 -0.10 —0.12 —0.08 0.25*%* 1
Zn 0.26%* 0.20* 0.25**  0.05 -0.17 0.14 0.15 —-0.01 —0.09 009 1
As 0.01 0.07 0.02 —0.02 -0.11 —-0.09 0.04 -0.05 0.17 006 0.13 1
Rb 0.08 —0.08 0.12 —0.08 0.03 0.06 0.08 0.04 —0.15 —0.02 -0.05 —0.25** 1
Sr -0.02  —-0.00 0.02 —0.10 0.06 —-0.01 —0.02 —0.14 —0.06 0.06 —-0.11 -0.10 012 1
FHIRAE 0217%  0.02 —-0.04 —-0.08 0.16 0.17 —0.22* 0.13 0.02 -0.08 -0.06 —0.03 0.05 -0.03 1

T #*FIRTE0.01ZU0 OUUR ), MM 355 * 37 TE0.05 400 COUR), MHOGTER.#
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Table 5 The element correlation of core sediments in the Haian tidal flat
PSS Si S Ca Ti Y% Mn Ba Ni Cu Zn As Rb St PR
Si 1
S 0.45%* 1
Ca 0.94**  0.43** 1
Ti 0.17 0.16 0.20* 1
v -0.19*  —0.13 —0.21* 0.11 1
Mn 0.01 0.04 —-0.02 0.10  0.06 1
Fe 0.88**  0.40**  0.89%* 0.15 —0.24** 0.02 1
Ba 0.38** 0.17 0.41** —-0.15 —-0.19*% 0.07  0.40%* 1
Ni —0.35** —0.10 -0.31**  —-0.08 0.10 —0.01 -0.28** —0.10 1
Cu —-0.10 0.00 —-0.07 0.06 —0.12 0.06  0.06 0.01 023* 1
Zn 0.04 0.07 0.03 -0.05 —0.01 0.08 0.07 0.09 0.07 0.14 1
As -0.08 -0.16 —-0.10 -0.06 0.13 0.04 -0.07 —0.11 0.13 0.06  0.05 1
Rb 0.33** 0.17 0.30%* 0.04 —-0.06 -0.03  0.29** 0.23** —0.18 -0.03 —-0.11 —-0.19* 1
Sr 0.31** 0.11 0.30%* 0.14  0.06 0.00 0.29** 0.06 0.00 0.02 -0.05 -0.15 026%* 1
HRIAR 0.09 0.04 0.01 0.05 0.00 —0.09  0.03 -0.12  -0.16 -0.09 -0.18* -0.14 -0.04 -0.02 1

TE: #*FIRTE0.01ZUM CBUR ), MM K355 *F7RTE0.05 400 (WUR), MISGIE R

Ti M1 S UL YR A2 B IEAH G, V 5k 2 5
ANFHOC T A T 2 5 P iR 2 1A G

£l WU B UG AF 1 R Bl R RTW ALY DTV
B 5 5 R A% B AH M 43 & B, ST Si. Ca. Ba
il Fe HLAG 55 A AR G ME, HaE I 17 0.01 B9 & 3% R K
SR 5, BN T IX 28T R A H LAY H R Ak 2R AT R AN
—EU Y K IR X 2L ST E W] NiL VAT Zn 2 U DG,
WHE/R T Niv V Hl Zn A & ALY H 3K Ak 2717 o Al —
ORIV HoAth T AR R AT A e . LA, il
JCE 5 U F- YR AR 10 FE SC MR 5 & 3, J5 L 4 G
T YN 7 b CH BH AT E1RN ] Z5 3 ) Ca., Fe Al Si 7] °F
BpRiAe 2 00R 56, 4R S I N 2k IX (%2 ) A s iR
Y) Ca. Fe Fl Si 5 TR V- Bk 48 5 1E A 56, X n] 6B
SUTR A o & A B YI0 E R, bt v ol A 8 it
TP UTRLY) 32 B LUK RD AN o T, T PN R X
THME R ZLLARD A, XN T 0 R 15010 AVE L RHIE
RO A oy & A H VMR, B EEoT &
7 42 ) LA 1 S
42 TR TERZEHERSH

T 3 XRF 25 00 35 430 i 0 e 0 B A AR A
53 JLE Si. Ca, V. Fe. S. Ti. Mn. Ba, Cu. As. Sr.

Ni. Zn. Rb, i i SPSS 24.0 # {4 Flf 2 4 U1 I6 2 4347
AT R AVR 4047, 15 3] R BRI (K] R), 45
7, S BATR B AR KBRS ST TR A A R
M Ca. Fe, Si. S. Ti. Ba, Rb #ll Sr & —3%&, # AW
HAh TR TN — 28 IR W B ALK REETT A 2t ot
KRB IR, Ca, Fe, Sifil Ti B H—2, S, Zn,
Mn, Ba °H—3&, Rb, Sr Al V RELE—L, Ni, Cu Fl
As REER—F . W MR R A ST R RS R N
7N, Si. Ca, Fe B f — &, Si. Ca. Fe. Ba, S. Sr#ll
Ti B H—KZ, V. Mn, Rb, Ni, Cu, As fll Zn FH—4.
R I RUIR MU POV B T = N
A D oe R R G R R — & AR, 1
Si. Fe. Ca. Ba, Sr. Zn, Rb Il Ti B 7E — i, Ni, Cu.
As Fl Mn R 7E — 2, Ul X 2T KA AT R,
A BEAZ B0 Y R R . HbER Ak 2 IR 5T AR W DU BRAE
(A5 ) o v SR BHAT 11 L 1] 2R s R 22 35 M 9T AR
JC & Si. Fe. Ca H.AG 5 09 A AL, AT 68 H O AL
R 5 RN ) 24 3 R, BIVRE % TORR R AR K,
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Fig. 8 Cluster analysis of core sediments elements in tidal flat in the northern Jiangsu radial sand ridges
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Centennial scale environmental changes in the elemental geochemistry of
tidal flat sediments in the northern Jiangsu radial sand ridges

Zhao Yifei!, XuMin!, Liu Qing ! Shu Qiang Y Wang Ping2

(1. School of Marine Science and Engineering, Nanjing Normal University, Nanjing 210023, China; 2. School of Geographical Sciences,
Nanjing Normal University, Nanjing 210023, China)

Abstract: The radial sand ridges is a typical sedimentary accumulation body distributed off the coast of Jiangsu
Province. Under the influence of the sediment supply of the Changjiang River and the Huanghe River as well as the
coastal tidal current, the typical silty-muddy tidal flats are developed, and the sediment elements can record the im-
portant information of the environmental changes of the tidal flats. Three short core samples were collected in the
tidal flat of radial sand ridges to establish a reliable chronological framework and geochemical element testing, and
14 elements with high X-ray fluorescence (XRF) core scanner analysis signal strength were selected for clustering
and correlation method to extract environmental information. The sedimentary environment changes of the north-
ern Jiangsu radial sand ridges under the influence of human activities and coastal environment changes in the past
100 years were studied. The results indicate that the contents of Si, Ca and Fe in the core sediments of typical tidal
flat profile in this area are relatively high, and the contents of Si, Ca and Fe increasing from north to south, while
the contents of Mn, Ba, Cu and Zn are low, and the little changes in contents at all profiles changes. In terms of ver-
tical change, Si, Ca and Fe have the same vertical change trend, while Ni, Zn and S have the opposite change trend
with Si, Ca and Fe in different sediment cores. Correlation and clustering analysis show that Si, Ca and Fe have
high correlation, that is, they have similar geochemical behavior and consistent material source. In addition, it is
negatively correlated with elements Ni, Cu and Zn, suggesting that these elements have different geochemical beha-
viors with the former. The sedimentary environment changes of the tidal flat are obvious and show different pat-
terns in different regions in the northern Jiangsu radial sand ridges, and the material source, hydrodynamic environ-

ment and human activities are the main reasons leading to the change of the sedimentary environment.

Key words: tidal flats; sediment; element geochemistry; X-ray fluorescence; northern Jiangsu radial sand ridges
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