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A novel sedimentary pattern of wave-induced sandbars under
high-angle wave incidence
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Abstract: Wave-induced sandbars, wave-reworked deposits, are considered to resemble bands parallel to shorelines as
reflected by the traditional depositional model, which, however, ignore the fact that varying angles between wave
incidence direction and shoreline orientation can lead to significant differences in sedimentary patterns. In combination
with the sedimentary characteristics of modern wave-induced sandbars in both the Huizhou Sag, Pearl River Mouth
Basin (PRMB) , and Qinghai Lake, we investigate and summarize differential sedimentary patterns of wave-induced
sandbars under high-angle wave incidence. Key findings are as follows: (1) Constrained by the Dongsha Uplift, local
areas on the southern margin of the Huizhou Sag manifest significant “canyon effect” , leading to high-angle wave
incidence. Moreover, due to the different hydrodynamic environments at varying occurrence positions during deposition ,
the sand bodies of two neighboring oilfields in the Huizhou Sag exhibit significantly distinct morphologies and scales post-
wave reworking; (2) Based on the dynamic sediment transport mechanism for shorelines, along with field geological
survey results, wave-induced sandbars are categorized into three types: the totally closed shore-oblique type, the shore-
parallel type, and the semi-open shore-oblique type. Moreover, a novel sedimentary pattern of wave-induced sandbars
under high-angle wave incidence is developed; (3) Drilling results corroborate that under the novel sedimentary
pattern, wave-induced sandbars on windward and leeward flanks differ enormously in morphology, scale, and
superimposed style. Furthermore, lithologic hydrocarbon reservoirs with poor connectivity are prone to form between the
sand bodies. The novel sedimentary pattern holds critical theoretical and practical significance for guiding the
exploration and exploitation of reservoirs of wave-induced sandbars.
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Fig. 1 Tectonic position (a) and composite stratigraphic column (b) of the study area within the PRMB
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Fig. 2 Sedimentary setting of the Zhujiang Formation in the study area within the PRMB
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Fig. 3 Ternary diagram showing the rock compositions in layer L

of the Zhujiang Formation in the southern Huizhou Sag, PRMB
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Fig. 4 Well-tie cross-section (a) and core description (b) of layer L in the study area within the PRMB
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Table 1 Drilling-revealed sedimentary characteristics of
layer L in the southern Huizhou Sag, PRMB
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Fig. 5 Locations (a) and depositional characteristics (b—g) of the three types of wave-induced sandbars in the Qinghai Lake
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Fig. 10 Three sedimentary patterns of wave-induced sandbars under wave incidence at different angles

2 XA I 7 AL IR BRD I, A B4 Bl TR, FE 1%
X3 T B TR BT T A-A20H P, B Y2
SR g 2 ik 22 TR B U A

P A% S AR DL R (B 12) : A-A20H 7K F 2
L5 3 BRI 2 B A, Hald # T 40 &
M, 3ER R I TON I RRIE RN 3 ~ S m. T
LESIRORGIEAE ST AN L NS i /N (T ER et
R W S AT AR S X ) B TR

HE— AP YGIE 1%KL IR O I B TR S AR
e

5 45 &
1) SZIR T 2R VbR , BN VB T 2 o 0 X AR A 7

FRY WA RN, PR R AL, B T U0
K AL E AN R S B K Bl 1 3R TR B A 4R



540 A S KRR

Jit H45 %

- IR §| =AM - Bl S0

- = /A O IAr gl S

BT BRIC AT S X LR iR (RMS) JRAE ] (a) S22 TP RS 7 B RTR b LR AR AT (b)
Fig. 11 Maps showing the Root Mean Square (RMS) amplitude of layer L (a) and the sedimentary facies of wave-induced sandbars of the

semi-open shore-oblique type (b) in the study area within the PRMB

V'

200(1.95 2.95

200(0.2

GR/API |RT/(€2'm)|DEN/(g/cm®)
,} ‘
[

- TR Q AT

P12 BRITZEATTE X A~ A20H AP SE 4 il T
Fig. 12 Profile revealed by the drilling of horizontal well A-A20H in the study area within the PRMB

AT FE A B B A PR AR R v 32 R i s O 25
AR R R 2 55

2) BTS2 8 12 R U ML, 4 B
ST R B IR 0 O 32 IR RS T
— R AL PR T AR RS RT3 5

3) FREZE UL 1A T AT AT XSRS

& M & R ZERE R, B Z 1 5

TN ) T I R ,%Eiﬁﬂ%?ﬁ?&ﬁi@iﬂ@
il J2 O R T HAT E B e S B ST X

(3]

2 % x W

ASHTON A D, MURRAY A B. High-angle wave instability and
emergent shoreline shapes: 2. Wave climate analysis and comparisons
to nature [J]. Journal of Geophysical Research: Earth Surface,
2006, 111(F4): F04012.

ASHTON A D, MURRAY A B. High-angle wave instability and
emergent shoreline shapes: 1. Modeling of sand waves, flying spits,
and capes [J]. Journal of Geophysical Research: Earth Surface,
2006, 111(F4): F04011.

ASHTON A, MURRAY A B, ARNAULT O. Formation of coastline



52 1] 2

T, A KA AR T AR D HUE A 2 541

(6]

features by large-scale instabilities induced by high-angle waves
[J]. Nature, 2001, 414(6861) : 296-300.

WANG Junhui, JIANG Zaixing, XIAN Benzhong, et al. A
method to define the palacowind strength from lacustrine parameters
[J]. Sedimentology, 2018, 65(2): 461-491.

PR3 8 %’%fﬁéq KA B 8 A AU R AR TR
BUELT]. TIBEEAR, 1994, 12(2): 20-28.

ZHU Xiaomin, XIN Quanlin, ZHANG Jinren. Sedimentary characteristics

FHE R 0T

and models of the beach-bar reservoirs in faulted down lacustrine
basins[J]. Acta Sedimentologica Sinica, 1994, 12(2): 20-28.
LA, RN, TKICH . MEIURIEHE REEIR ()], s pn
4], 2015, 17(4) : 427-440.

JIANG Zaixing, WANG Junhui, ZHANG Yuanfu. Advances in
beach-bar research: A review [J]. Journal of Palaeogeography,
2015, 17(4): 427-440.

T3, A, PR, S SRR R 2 BT A DU
HUBR AR — TR GO S I mr 9T (1], DI,
2022, 40(5): 1393-1405.

YIN Li, FENG Wenjie, YIN Yanshu, et al. Process and model of
sedimentation of sandy beach bar due to wave action: An
experimental study based on sink sedimentation simulation [J].
Acta Sedimentologica Sinica, 2022, 40(5): 1393-1405.

XU ET5E . R TR T 7 BRI ST BRI 1 AL R SR i
XHNID]. Ph: KR, 2014,

LIU Fuqiang. Study on the northern border and tectonic division of
Pearl River Mouth Basin by using satellite gravity data[D]. Xi’an:
Chang’ an University, 2014.

BRI, (A, XIMERE, %5 . BRYL I AR Y R R VT 41 TTRBUR
LAl ]. AR A, 2011, 33(2): 21-26.

CHEN Ji, FU Heng, LIU Yanting, et al. The sedimentary
environment and evolution of Zhujiang Formation in Dongsha uplift
of Pearl-River Mouth Basin[]].
2011, 33(2): 21-26.

PREE, 224624, XU, 45 IR0 AR R £ 5N 19 BREESE R 0
B F % A —— LU W W B Tt oA 1 [0 ). AP <
#, 2018, 30(3): 71-79.

CHEN Ji, JIANG Zaixing, LIU Chao, et al.

Journal of Oil and Gas Technology ,

Depositional models
of barrier shoreline sedimentary system under guidance of source-
to-sink system theory: A case from Daotang river in Qinghai Lake
[J]. Lithologic Reservoirs, 2018, 30(3): 71-79.

T D R TR LA R AE A B ST (D). b
EAfmRAA (st , 2019,

YUAN Kun. Sedimentary characteristics and architecture research
of sandy-gravel beach-bar in Qinghai lake [D]. Beijing: China
University of Petroleum (Beijing) , 2019.

BRI bR, Bo, axiRZs, 4. W IETREIL A LA KO S
FX[I]. BACHBR, 2019, 33(1): 187-197.

CHEN Qilin, LI Rui, JIN Zhenkui, et al. Beach bar distribution
and paleoclimate implications in Qinghai lake [J]. Geoscience,
2019, 33(1): 187-197.

B2 . WSO A WU B IR BT 5 —— LU T B RO R

[19]

ABID]. JLat:
LI Rui.

IR (bR, 2019,

Distributional pattern and controlling factors of beach-

bars A case study on beach-bars in the Qinghai lake [D].
Beijing: China University of Petroleum(Beijing), 2019.

Fhel , Pe/NAS, BEENE, A5 . AL PG MR ALl n R Vb A
TRUR-IC R G L MR R R (D], A0S R
Jii, 2023, 44(3): 662-674.

DU Xiaofeng, PANG Xiaojun, HUANG Xiaobo, et al. Characteristics
of the source-to-sink system for the Paleogene Sha 2 Member of
northern Liaoxi Sag, offshore Bohai Bay Basin and its control on
beach bar sands[J]. Oil & Gas Geology, 2023, 44(3): 662-674.
TrgAe, X, BT, A5 BRI G R R R A ol g
Bt 22 5 B s k)2 B3R R 1], A5 KRBT, 2017,
38(3): 551-560.

WAN Qionghua, LIU Weixin, LUO Wei, et al. Reservoir quality
differences and major factors controlling low-permeability reservoirs of
Oilfield A in the Lufeng Sag, Pearl River Mouth Basin[J]. Oil &
Gas Geology, 2017, 38(3): 551-560.

R, &WREE, W, & IR A R BRI R S S
,\;ﬂlﬁu[J 1. BARHLT , 2020, 34(2): 309-320.

YUAN Kun, JIN Zhenkui, PENG Biao, et al. Sedimentary model
and identification marks of modern lacustrine beach-bar on southeast
coast of Qinghai lake[ J]. Geoscience, 2020, 34(2): 309-320.
B, T, kil SR ZE AR MR H &R
A1 BRIP4 SO A B A R R [T]. A5 KRR
T, 2022, 43(6): 1397-1412, 1488.

XIA Hui, WANG Long, ZHANG Daofeng, et al.

B | 4
) A

Sequence
architecture, sedimentary evolution and controlling factors of the
Permian Shan-1 Member, Qingyang Gas Field, southwestern Ordos
Basin[J]. 0il & Gas Geology, 2022, 43(6): 1397-1412, 1488.
Tigte, XUHEE, T4, 45 BRILID A bl = eI = A N i
SR B UIBM R[], KRR ERFL %, 2019, 30(12)
1732-1742.
WAN Qionghua, LIU Weixin, WANG Hua, et al. Research on
sedimentary architecture pattern of braided river delta front of
Lufeng Depression in Pearl River Mouth Basin[J]. Natural Gas
Geoscience, 2019, 30(12): 1732-1742.
AR, VBT, SKRARAE, 45 . IRBLEEARRD IR S I CR L (i
TR ] £l SRR, 2024, 45(1) : 65-80.
ZHAO Junwei, SUN Haihang, ZHANG Dongwei, et al.
Sedimentary evolution and genetic mechanisms of typical marine
nearshore sandbars[ J |. Oil & Gas Geology, 2024, 45(1) : 65-80.
KOMAR P D. The mechanics of sand transport on beaches [J].
Journal of Geophysical Research, 1971, 76(3): 713-721.
HEN, AT, Bt R ssiR ]
5%, 2012, 37(5): 70-80.
BAI Yuchuan, JI Ziqing, YANG Yanjing. Review of theoretical

eV

models for long-shore sediment transport [J]. Journal of Sediment

Research, 2012, 37(5): 70-80.

(4 EES)



