$38% ol Ul 2 R Vol.38 No.6
20204E 12 A ACTA SEDIMENTOLOGICA SINICA Dec.2020

M EHHS :1000-0550(2020)06-1215-11 DOI: 10.14027/j.issn.1000-0550.2019.119

KIKT=ZAMNITRIEEFETEESR KE
MiRETREX

BANKEY, e BRAR BN R BRE R, AL K IEL RE R,
LIU Kam-biu®

1 AR Sn] Ffg fo E SR 0 %E, BIE 200241

2. WA KA DTS RE, B 310020

3.Department of Oceanography and Coastal Sciences, Louisiana State University, Baton Rouge, LA 70803, U.S.A.

OE AN EAG S R B, T TORR Y B RE PEREE AT R SO R s TR BN J R LR A R PR R AR
23 (8] S B A RO T s o AT KR =S8 20~35 m KR P24 2 m K A HEREIEA T 7% 27 Ak A b3k A2 53 , 25 6 R
FARRBORE, TR0 THRIVK T =AU FEREVEARIE 25 18] 22 5 SOt 7s 8 o WIFSEa R oR R B2 RAE R 3l ) 3 1B 52
M ORI B RERERRAE , AR AR AREORT (<350 a) YRR TR BT W1 8, BANORLITCRR Y vh s B S BRRE M), DT RAT 5 e O
e Bk R SR R R S 1 VIK R = A M DTAR S B BRI R JFURHIE . DURRIAFIS K DU A i LR )
EUGE TR, BRI 20T R R AR ) AR A R A5 (R 25 5 Rk A SR B AR TR iU AT R, A BOE FFIETE I i . Ak
(ELAY RIS B 537 1) 6 2 e R H P W ) e Dt RV R s SR B R B, — e R BE 1 1T A7 = A U ) IR AR R A
KB WEPERAIE RERE s AR S BB s 4= s VTR =AM

FE—1EER/N  WUORE, &, 19954 B A4 T A LT, E-mail: qz_cheng@foxmail.com

BEESE KTE, 5 U5 0R, E-mail: wezhang@sklec.ecnu.edu.cn

RESES PS122 P3184 MERFRER A

0 5|5 A /IRUNE N =X (S DR AN RS NINIAZR VA S TR Y
ISR , SR AR AR L3R,
DU R P kT SR Bt S R AR 0 0 A [ X SR R e 3 1 22 5 il 5

GRS TR A BIUBUR 19 A PRI IRIRTSZ B0 g it 1 2 1 2 57, PR T SRS Rl A G
JUZBSERBI . =AU RA S MR T, s g i AR S R (] 4 L R TT L A fi
BRI A TR G TUR R R AL AR gy gy i 109, A Se B IT KR = 489 20~
AR5 TR AETURWBIRIEE 30 1 et puA-RERE  Sb K RPN B SR A
W L A ) 22 5 b FRATATIIXHIT KT =4 WLEE 4k B SR 224 Wik 25 2 L B Ho s
PEe 4830 m SFUREL LD MBI RERE YT\CX32 gy o o 2 A8 = A6 9 o it B
il P 25 SRR B 5 B ) SHUH R ML ey

FRAERE A3-4 BEALR SRR BATAD , FISCH

TER L R OURAF IR S RREMEREZ R IR 1 BRI I N s

Fo AU IR S B SR A 2 S BT kg

PEA WY FE % , DURRPIAR IS ORI TE T, AR BB 1Y KV [ RS 7R, R = DY

Yofs B #8:2019-09-03; WrfEmE B #1:2020-01-13

EE&TB BHEFIH (2017YFE0107400) 5[5 [ A= AT H (41576094, 41771009) 5 i 1iRHZET0 H (18DZ1206400) [ Foundation : Minis-
try of Science and Technology of China, No. 2017YFE0107400; National Natural Science Foundation of China, No. 41576094, 41771009; Sci-
ence and Technology Commission of Shanghai Municipality, No. 18DZ1206400 ]



1216

A

S

$38%

R BIAK SRS I 2R W TR Y =2 TR T X
KT WEREAR TR AT TV 220 VD AR, Bl /K R A3
i, B = AR AT 2 1) B = A U U DR R AR
4. [y s SOk B b SRR e B, 18 T 20w I LA,
A0S G KT AR A F2 B A, 05 R S
AN 2 NP T (T = s 1 - M P I N Sy 7 BT 2B
RAK, TRE S2 VAN B CTUR L DR R f5e e 1l
ik 6.3 em/yr'",

TE AR KR 20~35 m = MM AT X (K 1), B
A FE R AEFERE A3-2  A4-2 A5-4 Fl1 A6-6, Hit BEA
T 178 em 1204 em Z [B] (£ 1), AEFEH ML H =
J&i 4% 2 em [B] B4 FIRE S FEARIR 254 T (<40 C) 4t
T, B ARE AR BRI . RETE ORI A 5
ARSI LSRR BT, R Ak 2 L A 10 4
FER R T AFER 2T -

KL B 43 B R PR JR R B KL BE A (Coulter

32.50°N
L

31.00° 31.50°
N

30.50°

LS T T I
121.50° 122.00° 122.50° 123.00°E

RV = AR Y S A A R

121!00“
K1
2T (B B R AT RRE | €7 B2 9 TR R RS L T 1
Fig.1

Red circles represent the studied cores, while blue stars represent cores cited from

Yangtze Estuary and core locations

previous studies as detailed in Table 1
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Table 1 Information from the cores

kS5 2 (°E) HiE(°N) K /m K JE/m SRRERTI] B
A3-2 122.36 31.64 21 2.04 2017 ARYMTE
A4-2 122.50 31.32 22 1.82 2017 ARUMFFE
A5-4 122.83 31.00 32 2.04 2016 AT
A6-6 122.81 30.80 27 1.80 2015 ARUHFTT

Y7 122.70 31.00 26 3.80 2000 [1]
CX32 122.75 31.00 19.6 2.50 2008 2]
A3-4 122.39 31.63 25 1.30 2014 3]




Yarand

%61

BGIOFESE AITIK T = WU RE PRI 25 (1 22 57 S e 7 7 X

1217

2T, T 605w . A Kravier et al "7
X IRM 3R 15l £k o0 06, EAT REYE ™ W A1 3 53 B -
FORC & 5 K374 500 mT, &K My 1.44 mT,
FLARA 140 25 2R, R H FORCinel v. 3.06 4k 4-4b 2
" FORC &1,

S LK (TOC) LA 4% 2 47 4804k A1 T #4032 )
FES, kSRR HC10,-HNO,-HF 1R 2 R W0
it I o FH P B B A5 S R R S IEY (ICP-AES,
Thermo iCAP 7400) FEATIK . BRI INASS FIER
i FBRUER) T GSD-9 LA K 1 A FATHE . JC M 15
EAEMELHE I £10% JEFE LA .

SV (TS) AR IR 7 2 (8%S) 43 AT 7 Hh B Rl 2 B
TN M ER A 2R S BT AT . SR 7 il i ELTRA
(CS-800) filk fi 43 B A% 52 B, MRS B AL T £0.02%
W F 7 & & & % M Thermo Scientific (Delta V
Advantage-EA Tsolink ) 762 43 Hr—I[ml {3 2 FLAEL BT IEAX
DA, MRS BEAR F2£0.2%0.

HERERDEROE(OSL) AL Cheng et al.(2020)!,

2 4k

2.1 HEREREFE

DU AN A A ) HP B AR 7E 5~40 pm Z JH] o FEFE
A4-2 A3-2 BRI AR 0] AR K (] 2a,¢) , )2
60 cm DL F TR i R4, P B R AR /N T
15 pm, 17 J5 BETR EERS I RIS K. A6-6(1%]2b)
AT AS-4 (1 2d) HECRE AR 3 [0 AR AL B /N, — BN T
15 wm B4R BLANFAL i AP HERE A3-2 FiT A4-2,

OSL M AE 45 FLFe B0 FEAE A4-2 Fil A6-6 TTLFR
BRI 350 AR AR, Hi A6-6 e M AERE , H A
A HEERTIRERE  PI R AER AT ia R W],

[ —FEFE DTN R A AR T 10 A5 4k, 4 A4-2 4%
FE155~115 em JZ (i~ PUE %8 0.36 cm/a, 115~
55 em 2V 1.2 em/a, 55 em LAV 0.29 em/a, UTLFR
ST E I ot 1 B e A = e R (A S A
FEA3-2 FTAS-4 U %, Hoh A3-2 4RI A T
800~1200 4F- , A5-4 £ 2 30 cm UL LW 68 I 2] i
T 2Ph 55, A EARUURL, PR HE T IZO G R RE i
A REAEAERT E VIR TR A 15 DL, R SR H , FLAR AR
RELT 170047, 50157 X A A\ B 468 1 YD13
-G3(1900~2300 4 ) "AHIT
2.2 HEMEFHE

ST FAR B REMED ) A i AR x R TR B AR
b A L AR R R ey (A7) TG AR
(B ) AR AR E A (C A7 ), A A X I Y S Bk 38
JEUHT T B C A B ER ERIA AT, Horp A 55 Bl
R E LA FSB (ferruginous to sulfidic boundary )2,

DUASRERE x AR ) AR AL S BRI SE (18] 3) , i A4
-2 F1A6-6 fUFF A 47 A B AT, FSB 43943 T 85 em Al
120 em TR . A4-2 1, S50 SIRM | X~ Xaawe « HIRM,
P Ko FUAE 2 B0 SIRM/X X /X AT X 4/ SIRM 2 B 5
BN AY 3 1] AR AL A B TS 10 AT S0 [ Z o TE A6-6
H1, SIRM L Xiw~ Xiaer PA S HIRM 52 305 x Z5 19 48 1k
HEH (HASARIE BERE /N T SIRM/X S 2 5 X/ STRM Al
Xaroe! X B TR EE B84 TV TITT B8 100, S0 S0 VU0 BB U8 185 0
FEAI

A3-2FAS-4 5 R HEREA LL, x (EEUR, B
T[] BAEAK,JE T CHYe X SIRM X 22 5 X
KRR, 76 A3-2 F1AS-4 () 135, #AFAE—1
HIRM \ SIRM/xX .S 00 S 00 TH I BRI 3417, 1537
PR RS L3 3 FRAE 100 em FT 85 em VR .

B m

50

0 25 50 0 25 50

0 g8 50 0 25
n§_40i20a \)
20 a B g 49492
F)n
60 1 «—130£10a §
2
i { — 68472
g 90 a}‘ ;
= \ i
¥ 120 «— 180+10a ,"{<—]65i]3a
P
E
130 2‘— 290420 a £ 198:21a
a 8
180 1 )
210
a.A4-2 b AG-6
E 2

950260

o
X
o
F
o
=
0.

{ & <—1740£100a

T
g \
S :
i [
T 0504 { 1690100 a
B
1) {«— 1820+100 2
/ »
8 d ——1770£100a
o
] «—040230a s
j\ 4 ~— 1880+110a
= ]
o
{ & 4 =—1670£100a
b
i
a

}:*— 1050+20a

7

c.A3-2 d.A5-4

LR P EORL AR KOG B AR W (5 1A ) 2 1) 73 A1

Fig.2 Down-core variations of median grain size and OSL (optically stimulated luminescence ) ages (blue number) in the cores
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Fig.3 Down-core variations of magnetic properties in the cores

Zone A: high and stable x, Zone B: declineing of x, Zone C: low and stable x. (a)-(d) represent the cores A4-2, A6-6, A3-2, and A5-4, respectively
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for typical samples from the cores
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Fig.5 Down-core variations of TOC (total organic carbon), TS (total sulfur), TOC/TS, 8*S, and Fe in the cores
Zones A-C are defined the same as those in Fig.3, (a)—(d) represent the cores A4-2, A6-6, A3-2, and A5-4, respectively
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Table 2 Correlation coefficients between magnetic properties and median grain size in the cores
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A5-4 0.44° 0.49° 0.35 -0.02 0.35 0.25 0.31 0.36 0.68™ 0.48"
FE: 7R 0.01 K B ARG 78 0.05 /KPR FA .
REIRDTRR A B AR B , N2 ORI P I BRE R 5 DA S B BR 11 FSBY, i 1Y & 1 M1

— IR — RIS, Wy B Sl

A LI R i

DA B3 J5E 5T R B O 2 (R A i PR AR 4R 7

(0.09%~0.52%) , TSITOC {H. 1 &5 1F & 1 1 ¥ 5% 19
128K 6), UM Al Z AW IE (K 4) . AR SCHGE )



BGIOFESE AITIK T = WU RE PRI 25 (1 22 57 S e 7 7 X 1221

£
0.6
Vv A4-2
0.5 - ® A66 v
A A322
m A5-4
0.4
|
® .
> 031 ]
g
02 S
. s@‘ﬁ?\ vAA .x ]
(@;\f? o © nu
g}@‘l A v v“ °
0.14 qﬂf v .. ‘ ‘
Al ® e )
0.0 T T r T T T r T r
0.0 0.2 0.4 0.6 0.8 1.0

TOC/%
El6 UL TOC 5 TS i AH 5 6 &
Fig.6  Scatterplot of TOC versus TS

84S H (—20%0~+20%0) , 5 WF 5T [X B 3T B A an i 1
9 A FERE (290407147 N, 122°2647" E,8%S i J 5%~
+18%0) Feb) o ASCHERE p Bl B HUER fb 22 R AE
S S HNAT I = AP 2R, Al 5 2R T P Bl e T
B T — A T IR K ORISR A 1 5 i L R 2
FRAEARRIY H 7 T Zhu et al 4538 B 4306 4 Rl 22 78
J X BRAC YRR W 5 Bk 6%S HEAEL (—27%0~—33%o0) -
ISR, KITOK T =AMyt 5w &Ko
14 2 T DN B ZR IR TR A 25 b BR AL 2R R R 25 57
HU TR ZK I 52 A B Sy B 2, 35K 55 = A T 11 il IX A28
AR EAE R ZL R RS AR A

A4-2 v B TR BRI, TS B 3,
[0 2R A A B x I R, OB T B R el St 5 R ek
VIR IFES C R . 1EA6-6 1, BHF TS &AL A
HEHE NI A B3, 84S 2L T 0, AH R Y x N 4 AE B Ay
WAL A4-2 1 B 3%, RO T B R AR 38 IR AR 55
HARERM I, A6-6 H A7l 60~100 cm |2 HA 5
B TS 5 AR 7B 84S, R T BRERER 138 SR AN A7
e REL REPERRIE_ LT LAE B, ETER e i X
[V Bt P8 18 T T A 240 a3, T R ST e T ik
WV A R U 0 o0t = HE /N IR

AS5-4 2830 em T A AT, R Cae iR
AYI1700 - DR, 76 Cae ) BB, HoAa &K
Y HIRM AEL, LA R AE XS =5 19 SIRM/x FTS o0 FL AR, [R]BS)
IR B T R B, LR IR R IR N AR AR Bk
BRALPI A B, (R B R R IR A . B TS &
= L R IE BRI 25, 5 Aller et ol PR IE IV 5
ML T = AN AEFA S VIR EE T BRI AT, 7T fiE
ST ARG shJZUUR S T R ) [ 25 b 2 58 ALk
FEAERIBR) BRI, 1 X — B BT REJE I 2, =
FAUNF 012 Th A B e TG SRR T B
TR R 5 1) LR 0 W e & AR IR SRR, S B Y
SR LA 1F /Y [ 57 =, BARBIL A R iE— 20 ot
I¥o TEAS-4 14 CHy T HPIHR [ 28 19 B LA 2L S 400
FUAE Y R [ 3870 T G BV f i e 5 A R k18
RIS R, A3-2 5 A5-4 [A] MAF IR B B DT
P (KTF 800 a) , H. X« Xuare X~ Sio0~ Sosoo T, 578
T NIRRT () i A SO e B BRI
TR ESE. BHTS & EIT AS-4, B[R RE
PR IE AR, ST B R 3 (4 1 AN 200 3 AT i 5 7 s
BRI R S A, KA AR K
AN M TR 5, SRR A I I AR A R
FRIEASfRI £ R E

Fofs B R PUASAERE , vl LK B x 2 5 TS
FEERA —E W m S (B 7). A4-2H4 L
A6-6 B 1A TS 7 8 DA S B8 1) FSB IR, )R WL T )5
H SRR AR B B DURE R L K BIG B B R
R RN W MEIR B A (A3-2 5 A5-4)
BA BB R BRI X g S T AR
P TR A VR R i 55, o i 2 1 AS-4
B R A T B, PR ITT X B X IR P AE A
B TOC TS & 8¥S By 22 55, Rl T = A1 i FR Ak 1Y
23S Rk . FERE TOC TS K g PRSI 2 2% i) 3 [1)
A, B BUCEAE DR T — RSV 5

L3k T A N DORR R 5 W BEORN AR W 8l o Y
K.

®3 HEPENZSHKUESEEXISN

Table 3 Correlation coefficients between TOC, TS, 6*S, Fe, and median grain size in the cores

R TOC TS 54 Fe
A4-2 -0.94" -0.29 -0.15 -0.76’
A6-6 -0.60 -0.23 0.25 -0.93"
A3-2 0.26 0.29 0.14 -0.01
A5-4 -0.13 0.09 -0.17 -0.71"
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Spatial Variation of the Magnetic Properties from the Yangtze River
Subaqueous Delta Deposits and Their Implications for Erosion/
Deposition Study

CHENG QinZi', WANG Feng1 ,CHEN Jin',GE Can'*,ZHAO XuanQi', CHEN YingLu1 R
NIAN XiaoMei',ZHANG WeiGuo',CHEN ZhongYuan', LIU Kam-biu®
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2. Zhejiang Institute of Hydraulics and Estuary, Hangzhou 310020, China
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Abstract: Delta deposits show great spatial heterogeneity in erosion and depositional patterns. Magnetic properties of
sediments are sensitive to the sediment source, hydrodynamics, and early diagenesis and, therefore, can indicate
spatial heterogeneity in an efficient way. In this paper, four cores (ca. 2 m in length) from the subaqueous Yangtze
River Delta were subjected to environmental magnetic, organic carbon, and sulfur analyses. In combination with par-
ticle size analysis and dating results, this paper discusses the spatial variations of magnetic properties and their impli-
cations for indicating erosion/deposition patterns. Our results show that hydrodynamic sorting plays an important role
in the magnetic property variations. In general, ferromagnetic minerals are enriched in fine - grained sediments in
young deposits (<350 a), resulting in higher magnetic susceptibility (). The Yangtze River subaqueous delta depos-
its exhibit a weaker sulfate reduction, as revealed by carbon, sulfur, and sulfur isotope characteristics. Such a fea-
ture is similar to that reported from Amazon delta deposits. Sediment age and sedimentation rate affect the degree of
diagenetic alteration, and therefore, the spatial and temporal variations of magnetic properties. Cores distant from the
modern depo-center show a greater diagenetic alteration of magnetic properties. Magnitude of x, diagenetic zonation
of X, and the depth of the ferruginous to sulfidic boundary can reflect the spatial pattern of erosion and deposition in
deltaic deposits.

Key words: magnetic properties; grain size distribution; diagenesis; carbon and sulfur; erosion; Yangize River

subaqueous delta



