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Sedimentary characterization and provenance analysis of the 2018 flooding along the Dan

River, Shandong, and the hydrodynamic process reconstruction

Abstract; Sedimentary characterization of modern floods helps to reconstruct the hydrologic flood process and spot
the source area of sediment erosion. It is of great referential value both to the design of flood-control works and the
identification of paleo-flood layers. In mid-August 2018, two typhoons battered the Dan River Basin in northern
Shandong, leading to flooding disasters. Based on the research of the flooded area, the boreholeDHI of 21 ¢m long
was obtained from the downstream with well-preserved flood sediments. The analyses on its grain size, loss on
ignition, magnetic susceptibility, and sporo-pollen features, show that the sedimentary cycle under flooding is
characterized by fine grains in the lower part and coarse grains in the upper part. Modern soil is developed at a
depth of 11.5~21.0 c¢m; a typical flood silt layer is developed at a depth of 0~9.0 ¢m, which is relatively coarse
in grain size, dominated by medium-to-coarse-grained silt, and with a sand content of 14. 7% on average; and a

fine-grained sedimentary layer is developed at a depth of 9.0~ 11.5 c¢m during the initial period of flooding.
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According to the various traits of sensitive component contents, the flooding process can be divided into two stages:
the relatively weak hydrodynamic force at the earlier stage and the significantly accelerated flow velocity at the later
stage; The former is characterized by severe vicious flow and deposition of clays under the combined action of
natural conditions and human activities, which can be further divided into two sub-sections of the rising water level
and the significant acceleration of flow velocity; The latter result in typical silty deposits from flooding. Carbonate,
organic matter content, and sporo-pollen abundance all are negatively correlated with grain size, indicating that the
weak hydrodynamic environment is conducive to its deposition and accumulation. The sporo-pollen assemblage of
the surface soil can better indicate the distribution of vegetation in the study area, and the sporo-pollen assemblage
of the silty layer from flooding can better reflect the overall condition of vegetation in the basin, which has revealed
that the river flood is much greater than wind in transporting sporo-pollen. In addition, the sporo-pollen assemblage
features in the clayey layer from flooding are in good agreement with the distribution of vegetation in the study area,
and obviously different from those of the silty layer from flooding, according to which it is speculated that the
primary cause of the water level rise during the initial period of flooding lies in precipitation incorporating with local
surface runoff; therefore, the sediment and sporo-pollen are derived from within the study area, and meanwhile the
influx of tourists in the later period has brought in more sporo-pollen from mountainous vegetation. The sporo-pollen
deposition records from borehole DH1 show that the sporo-pollen assemblage features are in good response to the
propagation process and hydrodynamic force, and have the potential to identify the source area of sediment erosion.
The magnetic susceptibility mainly reflects the intensity of pedogenesis, and its value for both the clayey and silty
layers from flooding is steadily low, significantly lower than that for the soil contact layer. Therefore, it can be used
as a reliable indicator for identifying flood deposits, but the geospatial scope of their use needs to be further
discussed.

Key words: Dan River; flood deposit; hydrodynamic process; provenance analysis; grain size features; sporo-

pollen; magnetic susceptibility
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Fig. 1  Location of the downstream of Dan River and the drilling point

(a) The location of the research area; (b) Downstream of the Dan River; (c¢) Sampling site; (d) The lithology of the core DH1
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Fig.2 Variation curves of grain size components, loss on ignition and magnetic susceptibility in the core DH1

(a) Variation of grain size data;

(b) Variation of loss on ignition;

(¢) Variation of magnetic susceptibility
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Fig. 4 Two sensitive grain size components of the core DH1
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Fig.5 Diagram showing the variance of sensitive component contents, loss on ignition, magnetic susceptibility and the flooding stage
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Fig. 6 Scatter diagram showing the correlation between loss on ignition and sensitive component (C1) contents in the core DH1

(a) Correlation between TOC contents and sensitive component ( C1) contents; (b) Correlation between carbonate contents and

sensitive component (C1) contents
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O (ZFEARAE, 2019),

BBt T (11.5~8.0 em B) K AT 26 + 00
FRUZ AR AR AL B -3 A 43 & 5 43 028 21.99%
M 78.01%, 5+ EHEE (15.21% ., 80.18%),
M-SR E2ZFMAR (B 7), #8728 Bk i
YR TCA ) v] RE 32 ok HAF ST XN, T EE B E L
X, 254 UK & A o B RURLBE R AR HEI, % B B
IKASE b33k B 32 PR R R F5 B K DL B A b b 3 AR
WAL, B X A B o v FERIE, J5
W B KR, R 22 1l Hh Ml DX e VD A B
FOR 5 o %l AL AR DT RLIC S R fR A
X 4% 4 2 B2 RUK 8 ) KN B A R A m f, [F]
NN A R T P T B G | S e
2005; HGEAE, 2017) .
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Fig. 7 Diagram showing the concentration and depth of different sporo-pollen species in the core DH1 ( 3¢ represents the sampling

locations)

4.5 HURBTHAREEN

DHT Al £L 5t 3 K 2 AR5 ik AL =R IR T
MREHE)R, BN K DT BURL BEH 40 4 Ak dn i
B REIR AR ERMEX (J5), KPR
R/NFEZAR - VLB AZ A, BB S8 VR 1 5 %2,
50k BEAH SEPE RS (BB SCA, 20105 BRI AE,

2020) . SEPHZEE ALK E S5, #EAE R AR
{FL 5 8 7 o848 5 5 /N 1 A 4 3 AR Tk K T AR
2, MR AR )2 s ok 2, B R
P IR R R R R A, RE AL R —
(ZEEAE% ) 1990, EMRE4E 2003),
SCEBFSE M DHI & LA S & 5 S 8, ke



234 W FFR https ; //journal. geomech. ac. c¢n 2022

R, TRy F B R A R AR SR AT AR R
K, BIRLRE AR, X5 R A by S R R b Ok R fEBE
PRI 27 A BB B 41 Sy 8t K T SRS B 268 o 4 B, T
A AR AELAT 1) T HeAt 45 A = BeaUE AR gL, 7 it
PINEIEG S  RE ) & R U S G EIE | B
HBF T MAEIR)Z (ES), 3878 s B A
DURRARAS AL, DA AT A4 D R0 ) 0 0 AR 5 1 2
ARG b, H H H B s ()l M A Ry oE — 20
T,

5 Hi

SR HE T 1L 2R A P g AR K T AR
R M = N T AV S 7 S = AN U D o S i 1
AP KOK S Sy B, R B JV RIEIX, H#ar
AN B K DA AR, O ik K R R R
—EZ%

(1) RERUR A 7 % AR AR 48 25, 3K R Y
KB IIES, e F AR AR RN D i Bl w5 T R
RIS, 7K A7 b kB 3 3 I oK 8] 28 ke, 3c
FRBE LR J5 010 2 3 b, B g T KO
RV A

(2) AYUPUR Y BB, A 55 K 3 1 3R 8
NAREA RUIR, S IR AR e AR B ) B AR
T ANBOR 2 2 T, DR P R B A BEOK B R
B, SRR BEMAHCKR,

(3) by AWK R 2 £ ULRUZ I s T
HABJEAL, AT 558 2k 2L R] 48 75 HE KK 8l Jy 5 55
TR )Z AR AL AT B 48 8 T 5T XA B o) A
oL, KR B0 2 768 4 A W) 5 RE S e U 5N A
R HEMACIR B, 4 7 03 T K fiR s kY B9 BE 1 K
Ty Btk B L UORRZ /Ol 45 5 PF 5T X N AR
BRI AR DL W) & L By, WA BT kKo 1
JEARALA RRAE, A 0 3k K S K 7 Bk A 32
Je K ANA M 3 AR I A, DRI 9 U 056 B o
FIBEFEIX A, I 0 B & KA, Aok B 2 10
MR 5 B . DHI Bl AL A 8 A8 BT AR IE 3¢ R
TR A R AE X T AL FE L AR B RN RA R
e S, [A] A A PR 8 v R e R DX B

(4) 5H AR bR 2 Bz 15 T 8tk K 3 1 Rk
ANTR], A AR A 3 S e B R R 0 R, A it
IR R B O R E IR AE, AR T R e
SEJRREA AR, PR e T A S R K LAY A 8k

fabn, HHTEAF XSRS %, A
i&—‘ﬂiﬁﬂ:?‘{o
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