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Fig. 1 Location and profile of the study area
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Fig. 2 Pictures of gravel beach and the image collection of

gravel in the study area
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Fig. 3 Image processing result of gravels in a gravel beach
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Table 1 Gravel particle shape parameters obtained from software statistics (from reference [17])
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Table 2 Basic information of different gravel beaches

et WM WMERKEE/mM GRETOE/m Wi TN

ek JulE 620 50 NW  35%
AAW 954 50 N 21%

K 978 30 NE  25%

FHE 851 43 27%

MIE AR 240 20 NE 16%
MRitE 480 30 E 28%

Ik 450 60 S 33%

KilE 400 28 E 33%

FHE 523 46 28%

FE bk, 6 B RERR A 097 KR AR /N T
M Sy o FEACA I By, Uk R v M Y B A SR, kL
o ARG R 9~ 79 mm, Ky h R, sk ar; A A
W MERR A S5/, S HoRE, RLAR A F 6~30 mm Z [A], 43
Vel . TERG KL B, W BR S 3 70 WA A7 4 42 R,
BEAR A J0 LR 11~ 77 mm, 43 6 5% 45 Bk A7 ki 42 I
A0 SN I RERR AT, AT 4~ 12 mm Z[8], 73 k4L
4 (3£ 3).

A [F] — P T b, e Bl ) T, % 96 - YR AR Y AR
B A A ay B EE, ICHE S 1) T8 B A 3 8 /N,
T1% ()R WELE K I AL TF I e A, 11165 7 1] - 4 ki A%
WK (K 6a, Bl 7a). []—1gME, Wi 405 w1, AR
A1 A R R AE A B AL B R A RN 25 5 (] 7a),

JEA B UK 8 e T A% 0 THTAY BR A R AR A 25 BEK,

PM1 B4 BR AT R 42 B S HL T PM2; A FF 15 PM2 4% B 1R
BRI 2 B A4 KL #2 | PM1, PM3 L, {H PM3

K2R AL YRR AR AR 240 PMIL, PM2 11 3 £i5; H M
00 ) ¥ 7 1), <3 PM2 R A RLA2 AL T PMIL 1, HL BRI
T, L BE 22 RO L e R L Al 9 T A e B )
T, Bk ARLAR S W78 20 ARV PMIL TEMESS | e TAL
BR AR B 4N, PM3 B A R ARAE B R . K Zedb 1
PMI1. PM2 iy 4H; K 1L PM1 BRA7 RiAR KT PM2 (15
BIER T 3 PMI1 84 R0 42 B PM2 194, Ak 5, A
W JE 2 e T R R, AR A R AR I AR /DN, AR R Ak B
AP K,

3.3.2  JE [ EEAFAE

R Ay 1) S (B B S 7 I8 TR 1) e s S [l i)
JEE 153 P (A A 50 P S 3 %) ™ A SR B A
Hh R [ 0 A, 2% PowersUs) 5k A7 5 (5] 5 K
I3 R AR AR (0.12~0.17), #2 £ 1R (0.17~0.25), IR
AR (0.25~0.35), W BIAR (0.35~0.49). [EPIR (0.49~
0.70) F#k [B 4K (0.70~1.00)

% DX e K A B (B B (E 4 A i [ R 0.59~
0.75, AL A Ly & T Wik A 1 349 8 I8 5 R R 1 8 JL T
AHTR, 242 AR (1] 6b) o AN [F] 165 W AR A 2 (80 B8 X6F L
(L Tb), 2R FH 1A o o 22 [ B K - 249 25 (B 32 647 0
oo 1T M ) B R A A (0.699), K I VR M 114 1
[5] i 2% (0.659), £F & BF SN WAL B AH L o

P i ) 7, R L AU L B TR S [ R A v
RIS, Ud R A 5 () 32 ¥ 78 4 (] 7o) 4% T i
FLARTF R A A, KR B K2k, Lt B
W Ly B TR A | AT TR A R A [ R A T A A,
(5] 6 A 5 A5 e N A R D T A Y vl Y DA S 1 e i
S 6] R 32 T 4G K, AE B K i 2R Ak 2 T e, S (B AR
255 WHBER ) S 1 I AR A1) 355 050 Vg R Ay 5 [ e A A []
Yy 3 90 e I 004 S (B B e K, [ U L ) il 34 A8 25
(7] — 3 8, AN (] 300 T A [ AR i A7 A 1 Al A i (B 4

st AFE K
0.5
I £ O.S g —-0.5 E 0.5 &
¥ & -o0s B -1.5 @ 0.5 —PMI
n = 19 E 25 iE 1 —PM2
g 215 235 g7 —FPM3
® -2.0 .. . N F -45 N Bash
4 8 12 16 20 0 10 20 30 40 50 0 4 8 12 16 20
BB B /m B R E/m BRI B/m
A B g Kl B 5
0
ﬁ 3% ~0.4 :
i az 0.8 ' .
BRr :
= -12 . . . . A . . . . . S 2.0 . . . . 2.5 . . . .
0 2 4 6 8 10 12 0 5 10 15 20 25 0 4 8 12 16 0 10 20 30 40 50
BB B /m BB B /m B4R B B /m BB B /m

K5 Rk e T 2
Fig. 5 Profile morphology of different gravel beaches



LI A BT 87 ARG Ll 2 K L 8 B VA R 2 050 R SRR T 115

®3 BBMIRYHESHEESH

Table 3 Grain size parameters and distribution of gravels at different beaches
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Fig. 6 The distribution of the mean particle size (a), roundness (b), and shape ratio (c) at different gravel beaches
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Fig. 7 The distribution of gravel size (a) , roundness (b), and shape ratio (c) in different gravel beaches sections and Changshan island
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Morphological characteristics based on digital images of gravels from
gravels beaches in the Changshan Island, Shandong Province

Wang Xing '*, Wang Yonghong ¥, Xu Yangyang '*, Xiang Yawu '

(1. College of Marine Geosciences, Ocean University of China, Qingdao 266100, China; 2. Key Lab of Submarine Geosciences and Pro-
specting Techniques, MOE, Qingdao 266100, China)

Abstract: As a kind of coastal accumulation body in high-energy environment, natural gravel beach is a good
coastal protection barrier due to its coarse particle size and large porosity. The gravel morphology is an important
parameter to understand the gravel formation process, but it is difficult to obtain the quantitative parameters of a
large number of gravels quickly and accurately. In this study, we surveyed three gravel beaches (Jiuzhangya, Yueya-
wan, Changtan) in the Beichangshan Island, four gravel beaches (Xianjingyuan, Linhai, Changshanwei and Ming-
zhuguangchang) in the Nanchangshan Island in the Shandong Province. We measured beach profile, collected
gravel samples and took gravel images. Using the software ImageJ for digital image measurement in situ without in-
terference, we can quickly obtain a large number of gravel morphologic parameters, including particle size, grind-
ing roundness and shape ratio. The results show that the range of the particle size is 4—79 mm, which was mainly
pebbles. The average particle size of the beach in the Beichangshan Island is slightly smaller than that in the Nan-
changshan Island, with the largest average particle size of gravels in the Jiuzhangya Beach of the Beichangshan Is-
land and the smallest one in the Xianjingyuan Beach of the Nanchangshan Island. From beach berm to the high tid-
al line, the average particle size decreases gradually, but increases at waterline. The range of roundness of gravel is
0.59-0.75, and the grade is round. The gravel beaches have reached a relatively mature stage based on roundness,
with the best roundness in the Yueyawan Beach and the worst roundness in the Changtan Beach of the Beichang-
shan Island. The gravel roundness increases from land to sea. The shape ratio ranges from 1.36 to 1.77, which is
negatively correlated with the gravel roundness (R*=0.98). The gravel gradually changed from long strip to elliptic
shape from land to sea. The gravel beaches morphology of the Changshan Island is affected by the provenances, dy-
namic conditions and human activities. The slope range of the gravel beach in the study area is 16%—35%, and they

are positively correlated with the gravel particle size.
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