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Table 1 Basic information of each site in the study area
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Fig.1 Overview map of the study area (Zhejiang and Fujian stream is quoted from reference [24],

Kuroshio Current is quoted from reference[25])
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Fig.2 Thermomagnetic curve of typical sediment sample in the Zhejiang-Fujian mud tidal flat

(blue is the cooling curve, red is the heating curve)
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Fig.3  Characteristics of magnetic parameters of sediment in the Zhejiang-Fujian mud tidal flat
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Table 2 A summary of measured values of the magnetic parameters of sediment in the Zhejiang-Fujian

mud tidal flat

Sy w01/

Sy wy _o1/NdIS

X/(10%m¥kg)  Meanzs.d. x,./(10°m/kg) Meants.d. SIRM/(10°Am¥kg) Meanzs.d. HIRM/(10°Am%kg) Meanzs.d. S-ratio/% Meanzs.d.

S1(n=3)  59.0~62.0  61.0£1.4  189.6~248.1  222.6+24.5  491.6~516.7 504.2+10.2 36.5~40.7 382418 92.6~92.6 92.4x0.2
$2(n=10)  51.1~69.2  63.5%5.2  127.5~298.7 241.6+50.8  422.0~537.8 500.4+33.8 32.0~42.2 382429 91.9~92.7 92.4+0.2
$3(n=10)  632~702  66.6+22  271.7~409.6  319.8+434  502.3~739.1 586.3+87.2 38.3~50.3 41137  92.2~938  92.7+0.5
S4(n=10)  67.6~75.1  70.8+2.1  303.0~3445 3287+132  303.0~608.7 588.5+14.7 40.7~46.0 44026 91.7~93.0 92.5:0.4
S5(n=10)  55.8~61.8  57.7¢1.6  2752~3059  294.4+8.0 458.2~498.4 482.0+11.5 32.4~39.6 349419 92.0~932 92.8+0.3
S6(n=10)  37.7~554  47.9+52  227.7~307.7 261.5+252  293.0~423.1 367.4+37.0 31.1~38.6 342423 89.4~914  90.6+0.6
S7(n=3)  634~992  772+157  230.1~2704  255.6+18.1 4937~773.6  598.5+124.6 38.4~39.3 38.8+04 923~934 92.9+0.4
S8(n=10)  67.8~76.9  71.8+3.1  280.7~3474  320.1+17.0  527.8~603.9 565.8+25.2 38.4~42.8 40311 922~949 933:12
S9(n=10)  425~593  50.5+44  138.0~2192  162.5¢218  379.0~487.9 443 4+60.0 29.5~44.1 339439 91.6~940 923+0.7
S10(n=10)  50.8~69.9  67.0+54 29754746 3612+41.6  505.1~661.4 530.8+43.9 35.8~60.1 416+77 88.5~93.1 92.2:12
S11(n=10)  634~66.7  642+27  2927~3240 319.0+27.6  461.1~639.5 497.4+482 34.0~43.1 37.4+24 92.0~933 925:0.3
S12(n=10)  585~653  60.2+1.8  2722~2988  284.4+83 433.3~536.8 452.4+28.9 30.8~35.5 33.6£15 92.1~935 92604
S13(n=10)  57.6~64.8  62.9+2.4  196.6~381.9 273.9+472  428.7~684.4 479.7+69.9 31.5~43.1 36.0£32 91.7~93.7 92405
S14(n=10)  55.9~640  60.7:2.2  226.0~3252 251.5:28.6  439.1~725.3 489.5+79.4 31.5~40.7 35.1£25 92.1~944 92.7+0.6
SI5(n=10)  58.6~1184 73717  200.8~260.9 227.3:168  401.8~509.8 439.7+32.0 26.8~32.1 287416 92.4~945 93.4+0.6
S16(n=8)  133.3~301.5 189.3+54.4  188.0~285.0 2304273  1004.5-2944.4 148775724 51.7~78.2 67.048.0 94.5~97.4  95.2+0.9
SI7(n=10)  714~316.1  1132+70.1  281.3~374.6  299.0+28.7  S571.1~34413  1079.8:84338 28.2~57.5 347489 95.1~983  96.0+1.0
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in the Zhejiang-Fujian mud tidal flat

(a) soft remanence composition; (b) medium remanence composition; (c) hard remanence composition

ME L 7E 0~80 m'T P IR R M B2 20/ )N 5 Wit 25 (T AR ) AR
85 AE10~60 mT N, IR REME R . FRTIRELH 53957
T AR, AR RK T 20 mT 5 HHEZ RiR 2,
WA X HAR B A T 0 . Bl de AR SER IR
BREGHED P IR R AR, B 100 mT 3B RESTE V)G
DURRYI AR Mg 2 R ARAAAE I e 2200 . % PR AR
VAR IS DU 73 IR B8 T 33.3% F128.8% 1 1%
P, 1T B3R B2 R B 7E 0~40 mT ek, J5 & AR #E
W EE7E 60~100 mT PR IRREIR R IR REE S
T ARG o G2 LS N TTTRR B (S6 ) IR R et A
F50% , PR T 58.9% Wt , HAR RERHE , Wi )4
o BARHRVIRYM RS BAE - EES 1
IR FEATRE R T 40%~50% AOREDE -

6.0

4.5

Lun/ 10 m kg™

200 um

0.0 i : : :
0 60 120 180

%/10" " m’kg™

240

Xl %0

34 RARRITIRIREREFIE

Dearing M1 King M AT DA £ 0k 2 o 2 110 1)
SR RGN D BRI ANl S PR, B IR T
(A WS AR 32 8 L Z2 Wk (MD) AR B (PSD) b 3=,
Rl P U, R B0 R 5 pum 1) S5 A5 At R o LA VIR S50
TURRW) 1) 25 750 = L R e B (SSD) |, R PR
IR T 0.01~1 pum BYEFRLEARL, AL RETE AT
VRS DR M FUR IR

Zi Tk BGY X UORR A (4 R 2 B A7 B g Ak
BB S HE TR A R P 1 i () SIRM,
HIRM ) , % W5 R 18 7 (S-ratio F1 = Fl1 25 Y 8 0 5 A6
AR 2R ) SEREVE R AE Y AE e 22 53X 7T BT
DX ICRR ) AR S s e R R K

14 eS|
L (b) °S2
12 ®S3
75 = ®S4
m w S5
T2 S g € 14
| o sde = Sp % 87
8 ; [eo] g ; eS8
I © A z < ® S9
oL ° o 5 z ®S10
| 8 = = eS11
| ,:! = 2 eSI12
4 e S e @ ®SI13
I ° 10 S oy
2 = ®S15
| @ eSI16
0 N 1 N 1 1 1 eS17
0 0.4 0.8 12 1.6 2.0

Y/ SIRM(107°mA ™)

P51 Je o 0 W 0 B A ik (g b T 8 AR 3R — Aol i, R IR
(a)King %l ; (b)Dearing [€]

Fig.5 Magnetic domain characteristics of sediment in the Zhejiang-Fujian mud tidal flat

(Each color represents a site, the same is used below)

(a) King diagram; (b) Dearing diagram



S

5404

780 o
4 THE
4.1 SRR E =

UURRW) B R 2 A 35 232 B TRR 3h 1 DL K iR
el KSR IX F BB 7, Hgmal
I ORI BE RRAE () 22 Sl A TR 5 . R £
B TH A A5 (<16 pum)™ UL Y
BRI BATAE 22 5% (R 3) , T ARG PR FRIE T
2322 FIPRLFE RN 2, R UUR ) 1) SF- 25 kL
FRENE S BT Bz JR ZRAR A 2347 T DL 2 R BE 24
IO XoF 0 2 2 ) 5 W R FEE /N, 5 R T < B X T
YA A AR G B i (~0.682) 41, x \HIRM SIRM
MDF 00t~ (TRM i) arsoons R 2547 BE AR S AN 5
(E16) o %G5 T HFIURBY) 22 BRSO 5 A PR
] B, ARG /R LR B PR R I 0 22 57 nT g R 2
TYNRZES
4.2 STARYIEHEFIR

5T IX UUAR Wt P 32 22 52 B RE R 1), WF Y
DXL B P TR T BEAF A6 22 5, AN R R VR A R ik

ST 2 B R A g PERRAE R AR [R] . A SIRM-x K
ST LA A5 W T R v R R Ak ok R R A —
U WHIR R DU LG DL 0.813 (&1 7) , 16
B LR R I 2 S AR T3/ N AEUR B 2 FL A U
—E AT WL R DO Y, B IR R M U
TR STRM Il x Jt8 25 0 /57 , 4 77 v O AR A 0 B AN
TERLA 2k b, XU B 1 2 DO R RN Y 2 DL
FRRIRE R 1 L 22 S K, BV IRAEE 22 57

XCF LG 8] 71 e LR A AR T o] 3 S TR 1)
PR TT LA — 25 3 TR 5 . WL
DURR W5 20 A7 W7 ) i) B V2 ) AN K VLB 2 (]
(F 8) , 5 /R KT AH VL ] XU R AT A6 ) S BT
Wk TR 0 R P R A B 2 3 Wi VL T B TR ) L i
57 T W VL D DR 9 ) i DT kg 22, VT
YR STERAR A A o BTN | 5 M VSRR VS G Tl
T TG 1L B 7 5 0 AR Vi V8 A T A
DURIREE B AN A 7] fiE 2 S 20U B R PR R A 7= A
25 R, VTR DO IR — S A 75 B —
L OO

x®3 mAMH<16 pmBS Gt
Table 3 The proportion of <16 pwm component of the sediment
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17
<16 pm 44% 55% 67% 81% 78% 73% 57% 2% 31% 81% 75% 80% 58% 57% 61% 51% 65%
400 7 500 4000 7
®
(a) (b) (©) °
. °
300 ° 4001 o _ 3000 °
5 ° ‘o
o e
2 ° e s
b E s
£ 200 0 T 300 L 2000 A
= L4 ® <) = Pearson=0.309
= o E = ] L4 )
@ ° = o [ ] [ ]
P =0.312 ° o Z o
100 9 o Ciron 200 1 “ 1000 ° °
0
"..‘..ﬂ P L ...O. ® W
0 . . : . 100 T . : ) 0 T . : .
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
SEHREJE/ pm SR um AR/ um
100 4 50 100 7
(d) (e) ®)
o 80 1 R ° 40 4 . R s 757 °
= ° = B
i ° L] £ Pearson=-0.302 H
T 604 e ¢ @ o £ 304 d = 504
= g oo ° ° ® S
= ° ) ° b ° =
& ogo e =) &
Jeut =~ °
40 20 4 25 4
® L
° °
20 T . T ) 10 . T T ) 0 . . . )
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
SFHPRLE/ um SFERE/ um PR/ um

Pl 6 i) 308 5 00 T B 00 e e A R - X B IR AR A G A T 45 2 (n=154)
Fig.6  Pearson correlation analysis results of magnetic characteristics and medium grain size of sediment

in Zhejiang-Fujian mud tidal flat (n=154)



PERHIE S IR 51 781

LERE TRPGIFESE W I e B D U
1800

S16
(]

71300 4

0

&

g

& @517

=

=

&

» 800 5

R=0.812
:/),0/515
300 T T T T T T T 1
40 80 120 160 200
/107 m’kg™

Pl 7 b ) 98 5T A 7 AR ) SIRML- x 145 ]
Fig.7 SIRM-yx scatter plot of sediment
in the Zhejiang-Fujian mud tidal flat

W5 DX UL 1) 35 il ) 5 BOBE AR AN A7 A R
BN, % L0 M L 10 2 53 4 3 i ) 2 kmT DAtk —
A FRN LN R DU IR — Bk . BN L&
PHYE | AR TE T AR N T O R W e B 22 SRR K
(&1 8b), B AN [F] T4 Ll s i e 1 25 LAY , X s
RIS ) IRAEAE 22 5 o AR PR DURL ) ok
PR AN A AT A LR YR 25 AT A RE . )
T ) V1 B VR A L, DR ) S1~S3.S7.S9 . S13 FlI
S14 1y kL 5 B B Jw AL (B 9a) o B I ¥ DT AR
(S1~S3) NS HUALY (S13 AT S14) 43 3R 4E T 4K
WL R VL O AT O, DURRINE 32 7K 35 48 )

190
* MIT. % L
) 145 &
2 * ST Sig
E
o 00
[} 1 -
S o
=
4
= ..‘ es17
55 0315
**Hﬂﬂ:
4 e
**E{I
KT DHIT @
10 T T T T T T T T T T T 1
250 750 1250 1750 2250 2750 3250

SIRM/10~ Am’kg™

A, PR O AR R B AR . 5 1 s R i VS
Tel & AR Z DO (ST A1 S9) 1AL FE I I
L, T8 R DU BR T 32 Wi VL ] A VT 52 e A1
i 37 3 HAB YR G 52 M, 3 FNGCRR P g 04 51
SRR o G2 1L B VS AZ W VLA T A
JE LA AT B 2, X B ST T NI K e b ik
AT, V5 i o A2 o R A X Jl 0 PR ke, LT
TRy KL B i KHL 32 202 PR AR R 152 55 1 ) o
Ao VLW S4~S6 S8 F1 S10~S12 FlHff ] 1 2 B 7
YRR E AR X —E (& 9a) , 1| H Herron £ fif BE % 1
S HREEE KN T ob f i, B Lk N UTER )
(S5 F1S6) A A1 75 1 B 30 Al 5, HLAR TR W A G ¢
Ko FL B, KAR—FEZWIIE Y, 7Eix
S A S I R P I LU AT X R R T TR
HAETE —E MY IR BT DTk . s B B U
AR I B /N T4 F 7, W) o i i 7 1) 2 f
R (=l (1 RO 7S W iz v e R At L S BT AR
J1, 3388 T OO b A A 3 R R T s Y Y it
AL ZR LA Wi R DU W VR i — 2k
F R T U Y RS AR R A Y
DAY NS

TRV AR NS TR R LU R DURR A B
PEFRAFE A7 035 2200 (1 8) , U B LAz Wi VTNt Fn K
TLR A B o F5 52 1 (i VT2 A0 S i s T AR
) 2 L SR YRS R R A N S U ] YT
HGUR) () PR AR O A ) T R o s o — 3, 2
PPN REWERERL RE PR , 3K F5 7 B V1] B

0.65 A

0.56 S7 ®536
g
B 049 o
s9® 55
S 041
=

0.33 1 ®5S16

®S17
(b)
0.25 g T T T T 1
27 30 33 36
MDF /mT

20-100mT!

B8 AR R ) L i
() DL ALELTE ) HIRM-SIRM LA P 5 (b) e AR R 415395750 3 i P

Fig.8 Diagram of the source discrimination of sediment

(a) HIRM-SIRM scatter plot of sediment and suspended matter; (b) Scatter plot of the coercivity of the medium and hard remanence components



782 TR AR S 4 H40%
6.0 7 02 [
S8
4.5 1 0.1 @534 k G
s @ AP IR
] :i‘lsﬁllﬁﬂ‘(’u‘h—:%‘(%% S 12 S10 S11
- — 2 o
< 3 s S6@ @S5
% 304-_9 S 0.0
=
= -os & KA
s7 8 T
o
et = K
1.5 4= = s10 -0.1
- = Sl11
== 1812
=813
—s14 (b)
0.0 T -0.2 T T T T T T x 1
0.1 1 10 100 1000 0.80 0.85 0.90 0.95 1.00
BLE/um LOG/(SiO,/AlL,0,)
BLO Wi L = e D0 AR 5 — v 40 531
(a) T 1 BV P R LU FE A3 4341 I 2 CR PR 5 1 1 SCHR™) 5 (b) Herron P (R 2R AUH)
Fig.9 Discrimination of the provenance consistency of sediment in Zhejiang tidal flat
(a) Grain size frequency distribution curves of suspended matter and tidal flat sediment along Zhejiang and Fujian coast (suspended matter data is quoted from reference*);

(b) Herron Diagram (unpublished data)

TEVIR . B RS AR TR P R V8 v ) )
PERHIEdL A B i 22 53 (18] 8a) , R WI LA I P 5 45
LA, AT REIE 32 B B IR A o AR M X R 2
KB AR IMILHE 17 IS AT FUR NS IR Y
Y I5 A X8 S T e B X A AR ) B ik, [
I, 3R 2 S T RE SR 9 e O W S A BT S B
. AR TIE DU R ) IR AT T 0 B DU AT
TE2E 5, HE W ) BEVE R IE A A — AR [
S, A T V8 DO ) W A SR, P58, X A 25 I
AN DU R BTt B O . IR, A6 T
UURR W ] BEAZ )7 [ T | A VLA B 9t i 3 [

B
2 uﬁ o

FET 154 W R 7 0 1 e DO AR 2 R i A
12 AT B 7 08 L AR R JEE R~ R AR A 20 A
WIATRILA N 2518

(1) WF5E XD Yy B #1222 52 S W B 4
il o TURR Y B PR ARRAE 1) 22 S AR IR RE 0
Yy i) i GRS ) 5 T . REVERT ) R Y 22
St RN G 1LHs R s S CAR G, 2 DR
2 AR P T S i v, AR DL AR 1) 2 53 B8/ 0N 5 W
W2k R 1) 2 S 2 R B g B RS U AR ) £ 1 e 2

AIDLMD 1 PSD Sk 3=, H A TO R 5 25 1 L) SSD
R R 25 R B RO & L VIR iR
15, B TR TS FAR ME TR B AR, AR DO B A X
—%.

(2) B2 IRARA M AT 2R B, DU A R M R
ZRIEH A BR , EE IR 74K, SIRM-
X T 26 B, A v e U A A VL R U R 4
WAFFE 25 . HE— IR AN FE 7R, Wi i
WV = OB 4 I o kK T, Herh il
FRGE TS ORI 37 BT 2 A 1 e . B R TS A
e PV LR ) A2 K YT RN W7 T3 T B 52 1 A B o) YT
A S R IR . AR TS VTR e
VAL FET AT KT R R A

6 JEY

ST o) 00 R LR R 3 VR ) R A
TR > M T 3, L) O B R AR AN [RDRL AR 20 43 7T REAF
FEZ2 3] FE AR T AR, AT L3 s % HE R [R) kA2 4 45
IRETEARAE , E— 20 B A o ook L

HOft Rt TR T A T AR R IR R AT AR
Py B, TR T AR SR e Ae i LB AR\ AR
TRt R pARTAILETERTVENLlE
W, AR RE, EiX BAL—FF B!



34 TRPGFESE < W I U8 B DT R R AR S L 5 5 783
5% 3k (References) [10] Guan W B, Wolanski E, Dong L X. Cohesive sediment trans-
port in the Jiaojiang River Estuary, China [J]. Estuarine,
[1] Lees J A, Pethick ] S. Problems associated with quantitative Coastal and Shelf Science, 1998, 46(6): 861-871.

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

magnetic sourcing of sediments of the scarborough to mabletho-
rpe coast, Northeast England, U. K. [J]. Earth Surface Pro-
cesses and Landforms, 1995, 20(9): 795-806.

JEHERS , IR, G 2R, 55 . BUMIE I ETTRR 2 0 s
] 22 5 5 Mg 7R [T ], DURR SR, 2016, 34 (2) + 315-325.
[Xi Yajuan, Shi Yuxin, Dai Xuerong, et al. Spatial difference
and provenance of clay minerals as tracers of intertidal sedi-
ments in Hangzhou Bay [J]. Acta Sedimentologica Sinica,
2016, 34(2): 315-325. ]

IR S == IR s~ | - T ) 2 T B =g P
DU CR MR 2 R IR S IR 08 LT ). Pt i S5 5 1
28 Hb BT, 2015,35(4) : 29-37. [ Xie Li, Zhang Zhenke, Tang
Meng, et al. Geochemical characteristics of the surface tidal flat
sediments at Yuantuojiao Point, north branch of the Changjiang
River and implications for provenance [J ].
Quaternary Geology, 2015, 35(4): 29-37. |
TRz AR 0 ARAT, 5F . T AR R AR WO RR
W R U B A ST (0], s34, 2018, 73 (11) : 2105-
2116. [ Zhang Yunfeng, Zhang Zhenke, Ren Hang, et al. The

Marine Geology &

sediment sources and quantitative evaluation of tidal flat at Qi-
dong foreland, the Yangtze Estuary in recent 100 years[J]. Ac-
ta Geographica Sinica, 2018, 73(11): 2105-2116. |

rh A G RS KRR b B e v A ik 2019 (ML
B e E K R K R B AL, 2020, [ The Ministry of Water Re-
sources of People’ s Republic of China. Chinese River Sedi-
ment Bulletin 2019 [M ]. Beijing: China Water Power Press,
2020. ]

PNGE, BESCRE . VLI 17 ARk S LR VPRI [T ). K1 i
¥,1984,2(4): 34-42. [ Sun Ying, Huang Wensheng. The silt-
ation process and silt sources of the Zhejiang coast[J]. Dong-
hai Marine Science, 1984, 2(4): 34-42. |
IR, FAESE  RARDE 55 . VLA e v 728 1k b H X
WE VR AR AL 52w [T]. W VLK R B4, 2012, 6: 1-4. [Hu
Chunhong, Wang Yangui, Chen Senmei, et al. The variation
of coastal-sediment on the coast line in Zhejiang province and
its impact on the variation of shoals [J]. Zhejiang Hydrotech-
nics, 2012, 6: 1-4. ]

AL W7V SRIE . W AR BRI B 1 1 e v R R R 9
WML [T, R, 1997,15(3) ¢ 1-12. [ Gu Guochuan,
Hu Fangxi, Zhang Zhengti. The sediment source and shaping
mechanics of the muddy coast in the east Zhejiang province
[J]. Donghai Marine Science, 1997, 15(3): 1-12. ]

VFLLAE . WiiLA 20 K YRR IR M A2 A A e [T ] K
,2015,35(3) : 84-91. [ Xu Hongyan. Change trend of runoff
and sediment characteristics of important rivers in Zhejiang
province [J]. Journal of China Hydrology, 2015, 35 (3) :
84-91. |

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Li B G, Eisma D, Xie Q C, et al. Concentration, clay miner-
al composition and coulter counter size distribution of suspend-
ed sediment in the turbidity maximum of the Jiaojiang River
Estuary, Zhejiang, China [J]. Journal of Sea Research,
1999, 42(2): 105-116.

Li W, Hu Z X, Zhang W G, et al. Influence of provenance
and hydrodynamic sorting on the magnetic properties and geo-
chemistry of sediments of the Oujiang River, China[J]. Ma-
rine Geology, 2017, 387: 1-11.

AV XU T, TR IO, 45 ARV I O o X TR
fiE 5 BRETAC SR (). ¥V 4 5 58 DU 22 3 T, 2010, 30
(4): 19-30. [ Shi Xuefa, Liu Shengfa, Qiao Shuging, et al.
Depositional features and palacoenvironmental records of the
mud deposits in min-zhe coastal mud area, East China Sea
[J]. Marine Geology & Quaternary Geology, 2010, 30(4) :
19-30. ]

LLIGELl, Wk Bk, B AF L VLI R Z R R Y
FRAES W RN [ ). T M 55 45 DY A M 5T, 2018, 38 (1)«
87-95. [Ma Xiaohong, Han Zongzhu, Bi Shipu, et al. Heavy
mineral composition in surface sediments of the Minjiang River
estuary and its implications for provenance [J]. Marine
Geology & Quaternary Geology, 2018, 38(1): 87-95. |
FAKEL, P, ok TR VTS BT TR R R AR AT
XF L A WETE (7], DLAR A1, 2004, 22 (4) : 658-663.
[ Wang Yonghong, Shen Huanting, Zhang Weiguo. A prelimi-
nary comparison of magnetic properties of sediments from the
Changjiang and the Huanghe Estuaries|J ]. Acta Sedimentolog-
ica Sinica, 2004, 22(4): 658-663. ]

FHR L ETE, BB, 5 KU B TR PR
ik 2 R I B H X AP S [0 ). i B2, 2008, 32(4) : 24-
30. [ Niu Junli, Yang Zuosheng, Li Yunhai, et al. The charac-
teristics of the environmental magnetism in sediment from the
river mouths of the Changjiang River and the Huanghe River
and their comparison study [J]. Marine Sciences, 2008, 32
(4):24-30. ]

Hormmg C S, Huh C A. Magnetic properties as tracers for
source-to-sink dispersal of sediments: A case study in the Tai-
wan Strait[ J |. Earth and Planetary Science Letters, 2011, 309
(1): 141-152.

X, EAKLL . B R 2 DU PRI G 2 R 2 2 K )
2 W [T]. SBIuLwFsE, 2016,36(1) : 216-226. [ Wang Sh-
uang, Wang Yonghong. Magnetic properties and provenance
of surface sediments in the Bohai and Yellow Seas[J]. Quater-
nary Sciences, 2016, 36(1): 216-226. |

SREUER, 2R Al A5 AR R SR DURR Y PR L A R AR
e IR A6 R T LYY M S L 2017, 48 (2) « 246-
257. [Zhang Kaidi, Li Anchun, Lu Jian, et al. Magnetic



784

A

»y,
2

Eild

5404

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

property of the East China Sea sediment: Indication to the
provenance [ J ]. Oceanologia et Limnologia Sinica, 2017, 48

(2):246-257. ]

FRAERS . AU DY BG AR VR R X 3 2 DR 1 i 2 AR S L)
PSR E D], dbat. v FE MR K2 (dE5E0) , 2018, [ Guo

Qianying. Magnetic properties of surface sediments from the
East China Sea inner continental shelf and its implications for
the provenance [D]. Beijing: China University of Geoscienc-
es (Beijing) , 2018. |

XM, R0, FLREIE 45 08 AR V6 il 22 ) e 1 I e B 37T
RO B B~ AR LL AW [T ). S5 42 WF 5T, 2007, 27(6) -
1031-1039. [Liu Jiang, Qin Huafeng, Kou Xianghuai, et al.
Comparative researches on the magnetic properties of muddy
sediments from the Yellow Sea and East China Sea Shelves and

the Korea Strait [J]. Quaternary Sciences, 2007, 27 (6) :

1031-1039. ]
ZEImAR, IS, AR RIE A% . rp I AR I XK B e R AR A
TR AR A [T]. BERBE 2, 2019,34(9) : 1886-

1901. [Li Jialin, Tian Peng, Shao Shuyao, et al. The change
of continental coastline and its development and utilization in-
tensity in the East China Sea[J]. Journal of Natural Resourc-
es, 2019, 34(9): 1886-1901. ]

TR EHOR Y FR T IR IR BESE (D). mi AL
RIS K 2%, 2011, [Han Xi. Research on the status of tidal
resources in China using remote sensing technology[ D ]. Nan-
jing: Nanjing Normal University, 2011. ]

Huh C A, Su C C. Sedimentation dynamics in the East China
Sea elucidated from *'°Pb, '*’Cs and ** **°Pu[J ].
ology, 1999, 160(1-2): 183-196.

Guo X Y, Miyazawa Y, Yamagata T. The Kuroshio onshore

Marine Ge-

intrusion along the Shelf Break of the East China Sea: The ori-
gin of the Tsushima Warm Current [J].
Oceanography, 2006, 36(12): 2205-2231.
Zhang K D, Li A C, Huang, et al.

Journal of Physical

Sedimentary responses to
the cross-shelf transport of terrigenous material on the East Chi-
na Sea continental shelf [J].
384: 50-59.
LiuJ P, Xu KH, LiAC, etal Flux and fate of Yangtze Riv-
er sediment delivered to the East China Sea[J].
gy, 2007, 85(3/4): 208-224.

BRI, B TSGRV, 4 . I R XY =5 PO
A{ [J]. HuBH24, 2003, 58(4) : 591-597. [ Guo Zhigang,

Yang Zuosheng, Fan Dejiang, et al. Seasonal sedimentary ef-

Sedimentary Geology, 2019,

Geomorpholo-

fect on the Changjiang Estuary mud area[J]. Acta Geographi-
ca Sinica, 2003, 58(4): 591-597. |

Wi g, O L FE K A, AF LT IR R SSTUE U 1 BEAS R AIE
(V] AR R 2 2 4R (A AR RE ) L 1997, 2 76-82.
[ Cao Peikui, Yan Suzhuang, Dong Yongfa, et al. The basic
feature of muddy bay in Zhejiang and Fujian provinces [J].

Journal of East China Normal University (Natural Science) ,

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[40]

1997, 2: 76-82. |

K S, A T IR YR O T A DU AR L) ], AR AR
R (A RBEERR) L 1996, 2 77-83. [ Dong Yongfa,
Cao Peikui. Sedimentary characteristics of the muddy bays in
Journal of East China
Normal University (Natural Science), 1996, 2: 77-83. ]
WELAS Mo BT w72 Ja . WL Xl BT s (M. b st
H Ji AL, 1989. [ Bureau Geology and Mineral Resources, Zhe-

the Zhejiang and Fujian provinces [ J].

jiang Province, China. Regional geology of Zhejiang province
[M]. Beijing: Geological Publishing House, 1989. |

TR MR . AR K TR (M. s b
R At , 1985. [ Bureau Geology and Mineral Resources, Fu-
jain Province, China. Regional geology of Fujian province
[M]. Beijing: Geological Publishing House, 1985. |

LiuX T, LiAC, DongJ, etal. Provenance discrimination of
sediments in the Zhejiang-Fujian mud belt, East China Sea:
Implications for the development of the mud depocenter [J].
Journal of Asian Earth Sciences, 2018, 151: 1-15.

X B, IR UR, AL DU e B ol B 2 K HAE
SRR UK AP sh (1], T 5 X b B (B SCRRD L 2018,
41(6) : 1260-1269. [Liu Hao, Jia Jia, Lu Caichen, et al.
Multi-components separation of loess grain size in Zeketai and
the recorded climate fluctuation during the Last Glacial Period
[J]. Arid Land Geography, 2018, 41(6): 1260-1269. ]

Liu Q S, Roberts A P, Larrasoana J C, et al. Environmental
magnetism : Principles and applications [J]. Reviews of Geo-
physics, 2012, 50(4) : RG4002

Jia J. Magnetic properties of Upper Paleozoic loessite-paleosol
couplets in the Western USA : The role of pedogenic hematite
in magnetic enhancement [J].
2020, 544: 57-64.

XNFFRA BRI, KA . WA IR AR Bk A AL B ELEE I
IBLA R MO BB W 2 38 LT ). SR U B WF9E 2007, 27(6) -
955-962. [Liu Qingsong, Deng Chenglong, Pan Yongxin.

Quaternary International ,

Temperature-dependency and frequency-dependency of magnet-
ic susceptibility of magnetite and maghemite and their signifi-
cance for environmental magnetism [J]. Quaternary Sciences,
2007, 27(6) : 955-962. |

XUFFRA R . i S BRI 78 S
2009, 52 (4) :
Magnetic susceptibility and its environmental significances
[J]. Chinese Journal of Geophysics, 2009, 52 (4) : 1041-
1048. ]

Liu Q S, Banerjee S K, Jackson M J, et al. A new method in

[J]. shERYy AT
1041-1048. [Liu Qingsong, Deng Chenglong.

mineral magnetism for the separation of weakantiferromagnetic
signal from a strong ferrimagnetic background [J ].
cal Research Letters, 2002, 29(12): 6-1-6-4.
Dearing J A, Bird P M, Dann R J L, et al.

magnetic minerals in Welsh soils:

Geophysi-

Secondary ferri-
A comparison of mineral

magnetic detection methods and implications for mineral forma-



534

TRPGFEAT « 1 M 7 e B HE TR

PERHIE S IR 51 785

[41]

[42]

[43]

[44]

[45]

[46]

[47]

tion [J].
727-736.

Geophysical Journal International, 1997, 130(3) :

King J, Banerjee S K, Marvin J, et al. A comparison of dif-
ferent magnetic methods for determining the relative grain size
of magnetite in natural materials: Some results from lake sedi-
Earth and Planetary Science Letters, 1982, 59
(2): 404-419.

XU . ER I VLI Sk 3 3R 2 DU AR K U8 3 A [D .
[« S 2RI 95K 2%, 2016. [ Liu Zhao. Study on the charac-

teristics of surface sediment in the Qiantang River and analysis

ments [J].

of provenance [ D ]. Shanghai: East China Normal University ,
2016. ]

Zhang W G, Yu L Z. Magnetic properties of tidal flat sedi-
ments of the Yangtze Estuary and its relationship with particle
size[ J]. Science China (Seri. D) : Earth Sciences, 2003, 46
(9): 954-966.

MR, 2R AR . R Y G SR8 XU ER A 1 B B ROk
A3 [J]. LR 2R, 2005, 23 (1)« 122-129. [ Xiao Shang-
bin, Li Anchun. A study on environmentally sensitive grain-
size population in inner shelf of the East China Sea[J]. Acta
Sedimentologica Sinica, 2005, 23(1): 122-129. ]

Syvitski J P M. Supply and flux of sediment along hydrologi-
cal pathways: Research for the 21st century [J]. Global and
Planetary Change, 2003, 39(1-2): 1-11.

Herron M M. Geochemical classification of terrigenous sands
and shales from core or log data[J]. Journal of Sedimentary
Research, 1988, 58(5): 820-829.

E AT R N WL G L % T A0 UL ) Y
DUBUE R[], P24, 1990, 12(4) : 463-469. [ Gao Shu,
Xie Qinchun, Feng Yingjun. Sedimentation of fine-grained
sediment in the tidal inlet system of Xiangshan Harbour [J].
Haiyang Xuebao, 1990, 12(4): 463-469. |

[48]

[49]

[50]

[51]

[52]

DA S S0 L R, 4 RV i = AR U 2 IR TR ) S
YER B Hgh o pLi (1], JTARAE4R L 2020,38(3) « 528-537.
[ Cong Jingyi, Yuan Zhongpeng, Hu Gang, et al. Sedimenta-
ry differentiation and hydrodynamic environment of multi-
sourced sediment in the Changjiang distal delta[ J]. Acta Sedi-
mentologica Sinica, 2020, 38(3): 528-537. |
AN, PRFE I 7LD, A AR M R 2 TR R 2 R AE
K B X [T]. #ERFFEE 24, 2015, 6(1) : 17-25. [Li
Jinchan, Chen Xiuling, Fang Hong, et al. Magnetic proper-
ties of river sediments in Fuzhou and their environmental sig-
nificance [J]. Journal of Earth Environment, 2015, 6 (1) :
17-25. ]

W R, T AR, 55 AR P A R 2 U R
BERFAE K vh i A A L] RV v 4 22 4k, 2017, 36 (2) -
233-242. [Yang Hui, Zheng Binxin, Yu Dongsheng, et al.
Characteristics of surface sediment grain size and the erosion/
deposition evolution in the outer Pinghai Bay, Fujian [J].
Journal of Applied Oceanography, 2017, 36(2): 233-242. |
BRI VP3O INIEEE 55 A A RZ VTR h
WU oy B H A AR LD ). i 27 42, 2004, 26 (5) : 74-
82. [Xu Maoquan, Xu Wenbin, Sun Meiqin. The characteris-
tics of heavy minerals composition and distribution in surface
sediment from the Xinghua Bay of Fujian[J]. Acta Oceano-
logica Sinica, 2004, 26(5): 74-82. ]

FIRZF, FARAE . SRMITE R Z VUYL 55 50 F Bk Ak 2
FRAE SR AT LI]. 0 I P27 22 4, 2015, 34 (4) & 568-579.
[ Wang Zhaoduo, Yu Dongsheng. Analysis on the grain size
and the geochemical characteristics of surface sediments in
Quanzhou Bay [J].
34(4): 568-579. ]

Journal of Applied Oceanography, 2015,



786 o % R F40E

Sedimentary Magnetic Characteristics and Provenance Identification
of Muddy Tidal Flats Along the Coast of Zhejiang and Fujian

ZHANG XingZe, ZHU LiDong, HU KaiCheng, ZHANG Xiao, XIONG WenTing, WANG NiuNiu,
ZHOU WangYang, LI FengQuan

College of Geography and Environmental Science, Zhejiang Normal University, Jinhua, Zhejiang 321000, China

Abstract: Tidal flats are one of most vital regions in the world. In the Zhejiang and Fujian Coastal regions, the tidal
flat is the most important reserved land resource. Research on the provenance of tidal flat sediment along the coast of
Zhejiang and Fujian is an important source for managing the land resource. In the past 30 years, it has been observed
that the tidal flat sediment in the area originates from the Yangtze River. As the flux of suspended matter declines, its
contribution to the Zhejiang and Fujian tidal flats is continuously decreasing. In this study, exploring the provenance
of the tidal flats has important practical significance. In order to clarify the provenance of muddy tidal deposits along
the coast of Zhejiang and Fujian, 154 muddy tidal flat surface samples are collected from Qiantang River to Minjiang
River. Simultaneously, the suspended matter from 12 rivers is sampled from corresponding rivers as well as the Yang-
tze. Particle size analysis and detailed magnetic studies were carried out on these samples, which include isothermal
three-axis stepwise alternating demagnetization, thermomagnetic analysis, magnetic susceptibility parameter, rema-
nence parameter and coercive force parameter. The results show that the magnetic properties of the sediment in the
study area are dominated by magnetite ; there are differences in the magnetic mineral content, magnetic domains and
coercivity among the sediment, which may mean that the sediment are affected by multiple sources; Pearson correla-
tion analysis confirms that the magnetic characteristics of the sediment are basically independent of the grain size,
and it is mainly related to the difference of the provenance. The provenance identification results indicate that the
provenance of the mud tidal flats in Zhejiang and Fujian include the Yangtze River, coastal bedrock, and Zhejiang
and Fujian Rivers. From Hangzhou Bay to Funing Bay, the sediment is generally affected by the mixed material of the
Yangtze River and Zhejiang rivers, and the material from the Zhejiang rivers is relatively large. Among them, the sed-
iment of Aiwan Bay and Xiangshan Bay is also affected by the coastal bedrock material, and the sediment of Funing
Bay may be additionally influenced by the Minjiang River and coastal bedrock materials. The sediment in Luoyuan
Bay and Minjiang Estuary may mainly originate from the Minjiang River, and the coastal bedrock material also has a
certain influence on it.

Key words: magnetism; muddy tidal flat; particle size; provenance; Zhejiang and Fujian coast



