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Magnetic properties of sediments and their implications for sedimentary dynamic environment in the middle and
lower reaches of the Qiantang River
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Abstract: Based on the particle size and magnetic characteristics of the sediments collected in the middle and lower reaches of the Qiantang
River in January 2010 and August 2010, as well as the flow velocity data measured in August 2010, the temporal and spatial distribution of
particle size and magnetism of the sediments are analyzed, and their indication significance to the sedimentary dynamic environment dicussed.
Results show that the river bottom sediments are mainly composed of silt and clay in winter, but dominated by silt and sand in summer. The
grain size of the sediments gradually gets fining from middle reaches to the Fuchunjiang Reservoir and becomes coarse from near-mouth section
to estuary; the particle size is smaller in winter in general, indicating a stronger hydrodynamic environment in the estuary in summer. The
content of magnetic minerals gradually decreases from the middle reaches to the lower reaches. The content of magnetic minerals in summer is
higher than that in winter. Ferrimagnetic minerals dominate magnetic minerals, and there are more ferrimagnetic minerals in summer. ¥¢qo,,XARM>
Xarm/SIRM and yarm/x can be used as proxies for the sediments finer than 16 um in the study area in winter, while ¥, and yarp/x be used as
indicators for sediments finer than 32 pm in summer. %o, XarM> Xarm/X and YarM/SIRM also show an increasing trend from middle reaches to
the Fuchunjiang Reservoir, while show a decreasing trend from near-mouth section to estuary. This is closely related to the response of the
sediment magnetic crystals to the sedimentary dynamic environment. ¥z, and yary can reflect the sedimentary dynamic environment more
effectively.

Key words: environmental magnetism; source to sink; sedimentary dynamic environment; middle and lower reaches of the Qiantang River
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Fig.1 Study area and location map of sampling stations
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Table 1 ~ Statistics of grain size parameters of bed sediments in the middle and lower reaches of the Qiantang River
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Table 2 Correlations between magnetic parameters and grain size characteristics of bed sediments in the middle and lower reaches of the

Qiantang River in winter

L /um b4 SIRM HIRM Xtas YARM yarm/SIRM YARM/Y
<2 0.211 0.198 0.183 0.494%* 0.580%* 0.413%* 0.556%*
<4 0.182 0.180 0.189 0.551%* 0.604%* 0.471%* 0.609%*
<8 0.159 0.169 0.209 0.604%* 0.632%* 0.521%* 0.654%*
<16 0.164 0.192 0.231* 0.620%* 0.653%* 0.529%* 0.662%*

<32 0.179 0.205 0.204 0.570%* 0.618%* 0.496%* 0.605%*
<63 0.125 0.082 0.008 0.308%** 0.303%* 0.325%* 0.283*
2~4 0.138 0.143 0.194 0.611%* 0.615%* 0.535%* 0.662%*
4~8 0.107 0.141 0.234* 0.671%* 0.650%* 0.588%* 0.706**
8~16 0.170 0.243* 0.269* 0.576%* 0.637** 0.483%* 0.593%*
16~32 0.029 0.018 -0.165 —0.369%* —0.314%* —0.283* —0.410%*

32~63 -0.164 —0.261* —0.345%* —0.623%* —0.712%* —0.470%* —0.714%*

w -0.125 —0.082 -0.008 —0.308%* —0.303%* —0.325%* —0.283%*
b 0.030 —0.084 -0.192 —0.189 —0.247%* —0.073** —0.279%*
L 0.180 0.182 0.199 0.564%* 0.611%* 0.475%* 0.617%*

PR 0.129 0.131 0.124 0.447%* 0.482%* 0.443%* 0.487%*

e kLA 0.143 0.143 0.141 0.489%* 0.478%* 0.418%* 0.454%*

e PFRIRTE0.OLKF (UMD BRI, *FRARTE0.05KT U BB AR
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Table 3 Correlations between magnetic parameters and grain size characteristics of bed sediments in the middle and lower reaches of the

Qiantang River in summer

2/ um b4 SIRM HIRM P YARM yarm/SIRM YARM/Y
<2 0.222 0.318* 0.420%* 0.386** 0.190 0.252% 0.406%*
<4 0.219 0.302* 0.409%* 0.410%* 0.190 0.267* 0.417%*
<8 0.214 0.280* 0.396%* 0.429%* 0.183 0.280* 0.422%*
<16 0.182 0.252% 0.384%* 0.491%* 0.179 0.313* 0.436%*
<32 0.120 0.194 0.362%* 0.517%* 0.168 0.337%* 0.428%*
<63 —0.028 -0.009 0.230 0.393%* 0.105 0.289* 0.290%*
2~4 0.214 0.281* 0.393%* 0.436%* 0.189 0.282* 0.426%*
4~8 0.193 0.230 0.349%* 0.428%* 0.160 0.281* 0.400%*

8~16 0.074 0.143 0.021 0.560%* 0.141 0.340%+ 0.398%*
16~32 -0.216 -0.178 0.023 0.269* 0.005 0.206 0.102
32~63 —0.289* —0.404+* —0.317* —0.342%* -0.151 -0.165 —0.346**
b 0.025 0.004 —0.232 —0.397%* -0.106 —0.290% —0.293*
bR —0.184 -0.213 0.047 0.271% 0.019 0.222 0.124
L 0.221 0.302* 0.408%* 0.411%* 0.191 0.267* 0.418%*
FHRAR 0.111 0.153 0.349%* 0.436%* 0.158 0.297* 0.371%*
T R4 0.109 0.151 0.340%* 0.414%* 0.141 0.279* 0.354%*

i WFERIRAE0.01KF COMD ERFMR: *FRIRAE0.05/KF G ERFEHR.
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Fig.12 Content distribution of each component of bed sediments in the middle and lower reaches

of the Qiantang River in winter and summer

3AF H, 240y SIRM 507 B B AH SC M AT H A AT,
P, xrage xarm S BEA R0 S BRTTAR Bl T3 #0555

(1) BRI VLA W 28 i T oK 3l 1 2 AR T
TR A & et 2577 AR 22 5, & 2R R TTAR
YUk R FEE o8, BRI ARy 3, TTR
Yrkn B R i B & A VLK PR AR A, T 1 B E
AT T B LR % AR R, - HLA R AR
T H 2,

(2) Xt T REVER ) & &, BRIE VL T UG P
Py D e i 380 T U 2 30 2 W ek D Y ke A, B R
Y& A& R m . M TREVED YA, W 2= 00 Bk
WEVE W 5 3 7, B 2R RE TR i
T4&F AAFENATERRUEETYHERZ

(3) xrao 5 WEVEW W) S 805 AR S 4 43 5 IE
A o xid% XARM~ YARM/SIRM Flyarm/x A LAE Ky
XA DX IR A 2 <16 pm 19 41 50RL I R B 0 A% 45
b, xtage Fly arm/x 7T PIAE B B 25 <32 um 94X HF6 45 o

(4) UL LY wE ME 2 B xrases xarRM-~ XARM/XHT
xARM/SIRM [F]FE 52 B 4 DA v it 21 5 75 VLK 2 34
AR M NGE H BRI BB AR N, XS
TURR W s M 1) it R X L R 3 7 B 58 1% i) 3 2 2%
YIAH S 0, ot S8 a0 x arm BB BE A RUCHE S5 B T7T
B T 5%

Hi: LARECXRFAEAFZEARE LS
B E R T ERRL T EF BTN X ok
i F, bR T AR RO, R RO F RS AT
AIBREBEHETERL,

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

B E 3Lk (References)

Krom M D, Stanley J D, Cliff R A, et al. Nile River sediment
fluctuations over the past 7000 yr and their key role in sapropel
development [J]. Geology, 2002, 30 (1) : 71-74.

Revel M, Ducassou E, Grousset F E, et al. 100, 000 years of African
monsoon variability recorded in sediments of the Nile margin [J].
Quaternary Science Reviews, 2010, 29 (11-12) : 1342-1362.
Montero-Serrano J C, Bout-Roumazeilles V, Sionneau T, et al.
Changes in precipitation regimes over North America during the
Holocene as recorded by mineralogy and geochemistry of Gulf of
Mexico sediments [J]. Global and Planetary Change, 2010, 74 (3-4) :
132-143.

Yang S L, Xu K H, Milliman J D, et al. Decline of Yangtze River
water and sediment discharge: Impact from natural and anthropogenic
changes [J]. Scientific Reports, 2015, 5(1): 12581.

WP, SkUTEE, AEhat, S SRR R 4H R e Yo Hi RS R
KR [T, Wlhm A, 2017, 29 (4) : 942-954. [YANG Yunping,
ZHANG Mingjin, LI Songzhe, et al. Transport patterns of the coarse
and fine sediments and its causes in the downstream of the Three
Gorges Dam [J]. Journal of Lake Sciences, 2017, 29 (4) : 942-954.]
BIe. R L R IR KL AR g B ke 3 AL (D],
W RS A8 3, 2015, [XIAO Xiao. Surface sediment grain
size and transport of the Beibu gulf in South China Sea[D]. Master
Dissertation of Ocean University of China, 2015.]

Maher B A. Environmental magnetism and climate change [J].
Contemporary Physics, 2007, 48 (5) : 247-274.

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

W HESE, AU, Sk, S S =M M OREMEHFIL TR IR
AL R AR R L[] P22 WEIE, 2007, 25(4) : 13-23. [SHI
Liangiang, LI Jiufa, ZHANG Weiguo, et al. Magnetic properties of

Core HF from Feiyantan tidal flat, the Huanghe River Delta and its


http://dx.doi.org/10.1130/0091-7613(2002)030&lt;0071:NRSFOT&gt;2.0.CO;2
http://dx.doi.org/10.1016/j.quascirev.2010.02.006
http://dx.doi.org/10.1016/j.gloplacha.2010.09.004
http://dx.doi.org/10.18307/2017.0418
http://dx.doi.org/10.18307/2017.0418
http://dx.doi.org/10.1080/00107510801889726
http://dx.doi.org/10.3969/j.issn.1001-909X.2007.04.002
http://dx.doi.org/10.1130/0091-7613(2002)030&lt;0071:NRSFOT&gt;2.0.CO;2
http://dx.doi.org/10.1016/j.quascirev.2010.02.006
http://dx.doi.org/10.1016/j.gloplacha.2010.09.004
http://dx.doi.org/10.18307/2017.0418
http://dx.doi.org/10.18307/2017.0418
http://dx.doi.org/10.1080/00107510801889726
http://dx.doi.org/10.3969/j.issn.1001-909X.2007.04.002

4152

AL, A5 BRIV N WU AR R AR R XTSRS ) BB 4 R 191

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

environmental significance [J]. Journal of Marine Sciences, 2007,
25(4):13-23.]
PR, Wruk4, ThRERE, 5. BT = A IR R R AE S TR
BEHF (7], shERRL2%, 2014, 34(10) : 1262-1269. [PENG Jun,
CHEN Hongquan, MA Suisui, et al. Magnetic properties of sediment
and sedimentary environment in tidal flat of the Yellow River
Delta [J]. Scientia Geographica Sinica, 2014, 34 (10) : 1262-1269.]
WERTR, ik, BRI, 5. KILORZTURIT PR 5y X RHE &
FUIRR BidR s L[], 2, 2015, 37(5) = 101-111. [PAN
Dadong, WANG Zhanghua, CHEN Ting, et al. Mineral magnetic
characteristics of surficial sediments and their implications for
identifying sedimentary environments at the Changjiang River
mouth [J]. Haiyang Xuebao, 2015,37(5): 101-111.]
G, BRFSFR, JT 4L, A5 ARIMITIE R 2 UL 27 R AE % LR85
B CII). HeBRIREE 244, 2015, 6 (1) = 17-25. [LI Jinchan, CHEN
Xiuling, FANG Hong, et al. Magnetic properties of river sediments in
Fuzhou and their environmental significance [J]. Journal of Earth

Environment, 2015, 6 (1) : 17-25.]

/N, Grapes R, Bz, %5 BRIT=MMNTTRII & ARG 1 5
KRR SCT]. R E B2 D 4 HiERELE, 2008, 51(1) : 56-66.

[YANG Xiaogiang, Grapes R, ZHOU Houyun, et al. Magnetic
properties of sediments from the Pearl River Delta, South China:
Paleoenvironmental implications [J]. Science in China Series D: Earth
Sciences, 2008, 51 (1) : 56-66.]

BRI B B 0 2 AR IH VL A (M b 7 7 #1998 [ Qiantang
River Records Compilation Committee. Qiantang River Journal [M].
Beijing: Local Records Press, 1998.]

HG. BRI PR 2 DU AR B IR 2 #r (D). 2R
REAR A 2EA 18 3L, 2016. [LIU Chao. Study on the characteristics of
surface sediment in the Qiantang River and analysis of
provenance [D]. Master Dissertation of East China Normal University,
2016.]

o S S B R A 2 P RS R CR Y [M LR R R
1, 1998. [China Gulf Records Compilation Committee. Chinese Gulf
Journal (Part 14)[M]. Beijing: China Ocean Press, 1998.]

Folk R L, Ward W C. Brazos River Bar: a study on the significance of
grain size parameters [J]. Journal of Sedimentary Research, 1957,
27(1): 3-26.

TR SR BRI AR 2 DU RS AL B S & L (D] 4
ZR T K SR == 22 7218 3, 2019. [LAI Zhirong. Study on the

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

characteristics of minerals of surface sediment in the Qiantang River
and analysis of provenance [D]. Master Dissertation of East China

Normal University, 2019.]

TR T, frsnrh. KIT O U R S R R L S RS R R
(1. P EFE D HEREL 2, 2003, 46 (9) : 954-966. [ZHANG

Weiguo, YU Lizhong. Magnetic properties of tidal flat sediments of
the Yangtze Estuary and its relationship with particle size [J]. Science
in China Series D: Earth Sciences, 2003, 46 (9) : 954-966.]
KGR, AL R, BEER, A URTE R TR MR A AR
RIsEmNE ] ?&ﬁéium—'ﬁ%lﬂléﬂimﬁ, 2016, 36(4) : 57-66.
[CHU Huimin, ZHOU Limin, HUANG Jing, et al. Rock-magnetic
properties of the point bat deposits in the upper mainstream of
Minjiang River and their origin [J]. Marine Geology & Quaternary
Geology, 2016, 36 (4) : 57-66.]
#HOW, K TE, F e, & SRR RS B AR SR
S ) R [T, BHEE R, 2000, 16(6) : 479-483. [DONG Ruibin,
ZHANG Weiguo, LU Shenggao, et al. The magnetic indexes for soil
and sediment and their applications on environmental studies [J].
Bulletin of Science and Technology, 2000, 16 (6) : 479-483.]
WRHE, xbfka, SREdE, S5, BRVLES T 1R R ORI Rk 2
HpIR RS L [I]. #EAi)R, 2017, 39(3) : 44-54. [CHEN
Hui, LIU Kunsong, GUO Xiaojuan, et al. Magnetic properties of
surficial sediment and its implication for sedimentation dynamic
environment in the Modaomen Outlet of the Pearl River Estuary [J].
Haiyang Xuebao, 2017, 39 (3) : 44-54.]
RIS, B, B, & BRIV AR S R 0], KB
SEWF TS R (AR, 2002, 17(6) : 665-675. [LIN Bingyao, HUANG
Shichang, MAO Xianzhong, et al. Deformation process of tidal waves
in Qiantang Estuary [J]. Journal of Hydrodynamics, 2002, 17 (6) : 665-
675.]
T EEE S AR A, TEEEEEEE LD MLt
fii 4k, 1992. [China Gulf Records Compilation Committee. Chinese
Gulf Journal (Part 5)[M]. Beijing: China Ocean Press, 1992.]
Pejrup M. Flocculated suspended sediment in a micro-tidal environ-
ment [J]. Sedimentary Geology, 1988, 57 (3-4) : 249-256.
FATERE, doll, X, & KL H LSO TR B MR AE 50T
B (0], e PEiE AR, 2008, 27(5) : 47-55. [ZHOU Kaisheng,
MENG Yi, LIU Cangzi, et al. Magnetic properties and sedimentary
environment of the Xinglong Sand in the North Branch, the Yangtze
Estuary [J]. Marine Science Bulletin, 2008, 27 (5) : 47-55.]


http://dx.doi.org/10.3969/j.issn.1001-909X.2007.04.002
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1306/74D70646-2B21-11D7-8648000102C1865D
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.3969/j.issn.1001-7119.2000.06.014
http://dx.doi.org/10.3969/j.issn.1001-7119.2000.06.014
http://dx.doi.org/10.1016/0037-0738(88)90032-2
http://dx.doi.org/10.3969/j.issn.1001-6392.2008.05.008
http://dx.doi.org/10.3969/j.issn.1001-6392.2008.05.008
http://dx.doi.org/10.3969/j.issn.1001-909X.2007.04.002
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1306/74D70646-2B21-11D7-8648000102C1865D
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.3969/j.issn.1001-7119.2000.06.014
http://dx.doi.org/10.3969/j.issn.1001-7119.2000.06.014
http://dx.doi.org/10.1016/0037-0738(88)90032-2
http://dx.doi.org/10.3969/j.issn.1001-6392.2008.05.008
http://dx.doi.org/10.3969/j.issn.1001-6392.2008.05.008
http://dx.doi.org/10.3969/j.issn.1001-909X.2007.04.002
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1306/74D70646-2B21-11D7-8648000102C1865D
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.3969/j.issn.1001-7119.2000.06.014
http://dx.doi.org/10.3969/j.issn.1001-7119.2000.06.014
http://dx.doi.org/10.1016/0037-0738(88)90032-2
http://dx.doi.org/10.3969/j.issn.1001-6392.2008.05.008
http://dx.doi.org/10.3969/j.issn.1001-6392.2008.05.008
http://dx.doi.org/10.3969/j.issn.1001-909X.2007.04.002
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.7515/JEE201501003
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1007/s11430-007-0151-4
http://dx.doi.org/10.1306/74D70646-2B21-11D7-8648000102C1865D
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.1007/BF02991341
http://dx.doi.org/10.3969/j.issn.1001-7119.2000.06.014
http://dx.doi.org/10.3969/j.issn.1001-7119.2000.06.014
http://dx.doi.org/10.1016/0037-0738(88)90032-2
http://dx.doi.org/10.3969/j.issn.1001-6392.2008.05.008
http://dx.doi.org/10.3969/j.issn.1001-6392.2008.05.008

	1 研究区概况
	2 样品与方法
	3 结果分析
	3.1 沉积物粒度特征
	3.2 沉积物磁性特征
	3.2.1 磁性矿物含量
	3.2.2 磁性矿物类型
	3.2.3 磁性矿物的晶粒特征

	3.3 钱塘江中下游流速特征

	4 讨论
	4.1 磁性特征与粒度组成的关系
	4.2 沉积物磁性特征对动力沉积环境的响应

	5 结论

