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Fig. 1 The location of study area
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Fig. 2 The location of lines of side scan sonar in study area
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The red numbers represent the position of side scan images
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Fig.3 Three-dimensional map of the study region
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Fig. 4 The side scan image and depth profiles along the

seashore slope (the location is shown in Fig.2)
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Fig. 5 The side scan image and depth profiles in the lagoon

lake (the location is shown in Fig.2)
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Fig. 6 Sand seafloor, side scan image of sand wave and sur-
face sediments (the location is shown in Fig.2)
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a. Sand seabed side scan image; b—d. sand seabed surface sediments;
f. lateral scan image of sand wave in lagoon basin; g. sand wave lateral

image of sea slope; e. sand wave surface sediments in lagoon basin
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Table 1 Statistical of grain size composition of the sand seafloor

SAL KG/m R &4/ % /% YD & /% Ft&E/% CFHRAR(D)  SEEREL s 74K L0F 344
b 54.54 11.60 81.73 5.43 1.24 1.06 1.90 0.05 0.86
¢ 5531 11.70 82.20 4.92 1.18 1.25 1.82 -0.17 0.90
d 56.46 0.00 59.84 32.76 7.40 4.03 233 0.48 0.84
e 53.23 0.00 82.19 15.87 1.94 2.99 1.28 0.35 1.48
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Fig. 7 Side scan image of coral reef and surface sediments (the

location is shown in Fig.2)
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scan image of coral reef in lagoon basin; f. surface sediments of coral

reefs in the lagoon basin
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Fig. 8 Protruding ridge-groove side scan and underwater
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a. Side scan image of protruding ridge-groove on the southeast side of
Yongxing Island; b. underwater image of the protruding ridge-groove on

the front edge of the coral reef flat of Yongxing Island®®*)
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Fig. 9 Side scan images of underwater terraces and surface
sediments on the slope (the location is shown in Fig.2)
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Fig. 10 Underwater side scan image (a) and bathymetry ren-

dering of the waters (b) around Yongxing Island in the south of

Xuande atoll
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Table 2 Classification of landforms from side scan images of Xuande atoll
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Fig. 11  Side scan geomorphologic (a) and underwater geomorphologic type (b) of Xuande atoll

42 EEIFHEK T 5 E L E
4.2.0 B FEIRHE K X b5 AT R HL

A fE A 2R AT AL 2R XL, B 2R AT I R 2
R, VI B R AR S . AR LK IR 20 m R R
B, W B TE DAL, PR 2 A XK R HUSR B X3
FN IR 7 4, 52 NW—SE [0 )RR 35 K 3 98 R 25 52 i)
JE LR W—E [n] 75 52 3 ol 69 4 FH o o 3 0 1) 7 33
(A=A TIX) Bk 25 (8a) K & 28B4, 0H
SE 15 NW-SE [, Hi A=A’ 1 IX i W-E [f], i /7
KR (A-AF X)) P TRE KiEE N
NW-SE [f], KK T 20 m 4b, fif 2 i) 40 24 % 40 i
N S B A T A R I RS R B 3 < 5
(&l 6g) 3 M NW-SE [}, it N=S [1], fif 327K 3l /1 R
SW-NE [f], ¥ W—E [a], %} 5 5 ML AR 5 | A
T i T B 8 e K DX JFG b 3 R DA TR —
4.2.2  EEIRAES W X 30 7 Hb A s AL

R Pl IR W X R TR B RE A, K 3 ) SR A B
55, S A YRR TS e B R 3 T, 2R SR AR 0 BF SR
IR, T T DX TR 2 ph AR 5 A58k 20 %) 8 3 o ) £ 41
Wy, BT KA DU 8 o I JICTH I o ARE B . 2B H
K PERHE X AFAE 4 ARk 11T, IR 4 6 E 28w
KM 12), L3 A 3A ] B a1 &
I VE ST, T8 B 3 4% 35 50 47 30 18« PR P b o v
TPYHAL 1T, KR AR 0T 23 B 32, — 3 ) e 5 36

112°10
17°01"
N

112°24'E

|N

Bl
[0 et
I 35
! Kb
\ | =S>RS S

16°43’

K12 E PR K s B

Fig. 12 Tidal water movement trend of Xuande atoll
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Submarine geomorphologic features and genetic mechanism in the
Xuande atoll, Xisha Islands

He Qijiang L2 Liu Gang Lz Wang Xuemu L2 Zheng Zhifeng 12 Duan Ke?, Han Xiaohui'?, Shen Aisi'?

(1. Key Laboratory of Marine Geology Resources and Environment of Hainan Province, Haikou 570206, China; 2. Marine Geological Sur-
vey Institute of Hainan Province, Haikou 570206, China; 3. HuBei Geological Survey, Wuhan 430034, China)

Abstract: The submarine topographic features and distribution types of the Xuande atoll in the Xisha Islands have

important indications for the influence of regional geological structure, sea level rise and fall, and ocean hydro-

dynamics. In order to study the submarine topography and geomorphology of the Xuande atoll, we detailed survey

in the Xuande atoll of the Xisha Islands, including side scan sonar, single-beam sounding, and surface sediment
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sampling. The results show that: (1) Xuande atoll is a type of incomplete atoll, with lagoon deposits in the middle,
and four water channels with a water depth of about 60 m had been divided, namely, the gate of the Xishazhou at
the northwest of the atoll, the “Red Grass Gate” of the Nanshazhou-Yongxing, the gap on the west side of the atoll,
and the gap on the south side of the atoll; (2) according to the geomorphic features, the underwater geomorphic
types of the Xuande atoll are divided into 3 grades and 11 types of grades classification systems. The dynamic geo-
morphology units such as sand waves and grooves in the study area show that the submarine features in the shallow
water area of Xuande atoll are controlled by prevailing monsoons and wave sites. The tidal channel water body
formed by the deep water entrance is the main factor shaping the dynamic geomorphology of the Xuande atoll la-
goon area. There are six levels of underwater terraces on the seaward slope in the southeastern part of the study
area. By comparing the characteristics of the coral reef terraces in the South China Sea, the genesis of the seaward

slope terraces on the Xuande atoll is likely to be a combination of global sea level changes and crustal subsidence.

Key words: side scan sonar; submarine geomorphologic features; classification system; Xuande atoll
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