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Effects of Coral Sand Profile Structure and Hydrological Conditions on
Slope Hydrology and Sand Transport
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(1.South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China;
2.South China National Botanical Garden, Guangzhou 510650, China)
Abstract: [ Objective ] Compared with naturally formed tropical coral islands, newly formed coral islands develop
dense layers within their profiles due to hydraulic filling and sedimentation during the construction process. This
study aims to investigate the effects of the hydrological properties and hydrological conditions of coral sand profile
structures on hydrological processes such as slope water drainage, subsurface runoff, and coral sand particle
transport. [ Methods] Taking the dense layers in the profile of a newly formed coral island as the research object,
in-situ profile surveys and sampling were conducted to analyze the texture types and hydro-physical properties of
the coral sand profile. Combined with laboratory-simulated rainfall experiments, the hydrological process and coral
sand loss characteristics on slopes with homogeneous layers and dense layers under different hydrological
conditions were analyzed. [ Results] Coarse coral sand exhibited strong hydraulic conductivity, while the dense
layer had poor hydraulic conductivity, with a saturated hydraulic conductivity only 8% of that of other coral sand
texture types. On slopes with homogeneous coral sand, all rainfall infiltrated through leaching, with no surface
runoff. In contrast, the dense layer retarded water migration to deeper layers, causing subsurface runoff as the

main form, accounting for about 87% of total rainfall and leading to particle transport and loss within the coral
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sand body. At the same time, changes in hydrological conditions, from free drainage to saturation and seepage,
could promote subsurface runoff and coral sand loss, but a dense layer with low hydraulic conductivity could
reduce coral sand loss under seepage conditions. [ Conclusion] Dense layers can significantly alter the freshwater
hydrology and sand particle loss of coral sand, potentially leading to effects such as shallower freshwater

circulation and the development of dissolution fissures in localized areas. These results are of great significance for

understanding the circulation process of coral islands and for the construction of ecological islands.
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Fig.1 Diagrams of experimental trough size and coral sand

filling and experimental setup for simulated rainfall
experiments
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Table1 Volume masses, saturated hydraulic conductivities, particle size compositions, and texture types of coral sand

profiles at different depths in coral islands
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Fig.3 Runoff rate and sediment concentration changes during rainfall on homogeneous coral sand profiles and profiles with

dense layers under different hydrological conditions
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Fig.4 Cumulative processes and total amount characteristics of runoff and coral sand loss during rainfall on homogeneous

coral sand profiles and profiles with dense layers under different hydrological conditions

AHHEF H A A, 2 83 w1 A5 B K
SCARETT RN AR S R P s AR L R B,
10 3R UG (E 35 H B TE R I 05 300, TRD Bt R 2 R e . —
J7 TH FH T I B A R R K R S 8 0 AR S
FETF 8 e 18 v A2 I L R G i A 4R Dl 4 52 BB T BEn
I3 —J7 T, BT A DS T P AN W K R
PR R 3, WG nT s R RO TR . AR b 2 2k 0k
TR E M A 454 B0 0 2k s AR (BRI AR T
A7 5 5 v BB A O O e v O )2 B T I D g K
) 8.2% o ¥ IR0 3 1t DN 1t A8 i e 2= A RN 5%
P, FEOY BT P AR 5 BIRP ik o 2 il i RN A
B0 R B i A BB D 3 O R 47,550, 3K
B 23 AR I T TE R A I Rb e B o H A
BB 15 A% 5 B 2K 204 R 2R 1 1 AR DR 9B U AR
A, BB I O I N2 31.1 %

3@
31 HEBEERSKCEMEITMEIR KK -7

#IER

TORE) 5 ) v B 2 IR N, S EUAR BT & SR
RGN CY PR 22 7 B, 5 R h e B R
FIFE AR R — 3 R, I b B0 2 B R
T K 3 45, B b A AN A S 8 R TR T B A K
2, R ) 48 v AR OB B R — AN ST, S EUEA R
() 7 438 rf 428 I RS I D e RS ok R L S 3 AR B THT /K SC
M) 107 % B AE B2 K 98 16 Ak 1) R 2 B P93 BC R AIE 3 B30
WA Py PR AR T . R VT AR O R[] 2% T S

WO AE K 3B B 25 A 8 18 38 i i UK 73 A7 444 2R 1
7 IR DR 245 555 45 R s B, 5 B0 R B B 08 W
LR o3 A1, AT AR ) T B B R 5 ELBES TR 3 )
WO AR 2 E S H R SE AR B AR G o A BIF Y 45 S 3R W] S Inf
[Fa) 3 AR EL [0 205 F 5555 0 3 380 A AL DR o 38 b 42 0
VeI R A= T #0810 75 | 76 390 0 A L BT i, 3 it 3l
D XU, 5 07 R AT AR AR BK AR I T
DR b 3 A R AR AR oy 7 W 07 e X 4 38 2 JRE R
B BE K — BB 2> BE A B B - B Bl S L 4E
A AR 5 55 — AR T R T b 2 AR U A A e, D
W S8y 4 DX ) I A7 7 3R 5 3 R K R . AN TR Y
J2 , ABIE ST BT 3R 2 20 em HE 3 D ASURE BOHL, A2
fE 7 e T 10 R R i 32 5 ) Pk 5 K i g 0 55 O S0
JZ R B AL 3T 4 DXL A AR, 3 BURE K 5 IE L
B AR, BT MBS WOR R B . P, b
JZ T e T 2R L K B BUR R AR D K
JZ A Bl T At R 1) S P AR I B, TR 8
T PR 7K G 1] 2 o) 853 B S5 TR K K SO AR
B2, T R K SR AR AR A A AL AR 2 TR
IR R P9 3B WL D5 1), B IR s K 2 P T T L 2
F RIS R A SR . BUR R A B E 7R A
AB AR SO T 0 ) 303 0 0 % 153 3 A 2
RIS A TR R R . L, BUR R
Pl T () 9 R AR AL BT | AR B A O T AR () I
KSR AT R I 0 R R L . IL IR R S
T RUER K S i S IR A 3 K i # ML A 0 T 3

http. // stbexb.alljournal.com.cn



5 ]

bR A I A ) T 2R 5 K SR I THT K S A i R ) 5 T 185

B 55 R A 2SN Y A2 2 o T B AN I 9 A
BP0 25 2R AS F 5 it VA 5 B B8 A0 0B 3T %
Sl Mo IR 1A A A ST - R0 ORI Ok i R T B
32 WD RLAR T A5 R AL R SCAR A TR KA
R T 2 A5 DR 52 T SR 0 AR 3L G B D =
2 R B b A | B A A B S A A B LT R A e A
R T A5 D] 7 R 0 o SR T, B30 4 B o AR 0 R G
| 3B e S 3T A SO, i A% 0 ] 5 o 9 B MR IR K K SC
bR RAE R TR ST WA R AN IS AE . [ AR AT
FEAL TG [T — b S E 2 n B 3 39T b L5 ) TR B R AR
S48 o T 58 BT K S AR AR U Ok L ATS A A R 4
B ) T 45 4 S AR 2 5 0 (R 1 9K 80 T R A R
RAFFAERBEOIIE . P, 75 Bt — 20 TF R 15 s
B8] 85 750 T8 45 KA Xk 30 A K S AR TR IROKOE LS
B PR AR SO Y S, DA B 4 b B s B 38 0 R K
PEER S R AL
32 BHESEHRRMENK - E PSRN RE

I3 05 M R R K O R ) T R A R UK B IR
ik QR RS RR M CHEANS AR RGN
KEEWRERZ — KAL) AT I8 5, 1=
SEA R 3R A S R SR AR E T LR E Y MR IR
KGR O O A 1 AR T 2 K A
W JE K SCHL R AE B 2 H R 2 RS R
FHET T B 3 S22 ) T 2 A S K AR I I
FATE S35 22 5, RORIME] 15 14 3t R ¥R K 328 B2 1 0E 1
A7 B AR TR ME LA AR BT T RS B B R IR OK A
FRPLEL . PR, KRR K BE IR A 2 F e i
TR K 8 PR I g A (RS AR TS B R A R
T XoF 96 {5 3R /K I B T8 A B BE LA R Az ™ A 3 AR
AT K EEHMER 75 B AE 3 J7 1 R IR AT .

1 30 380 R 00 i) AL B K, B0 R o0 A T 0 3
b ) T 445 A 22 ) S S v o o SRR A PN UK Sz Bl RT
BUBURL IR 1 U1 A5 ) B AR O = il 0 0 A 2 i
Pl SO R AR LA K 22 B KK 5 I
VA P 5 ) TR A 1) 3t e 2E 338 00 A RS O Ok, 5 EUE
JRR AL B AR KT R R A RE TR AL B A
TR DR T X B A e R O TR L R K
TSR T3 B0 BRI 15 )22 45 K X b 2 3 R R K AR
WA KRBT RO R2 R, 2 — 20 T AT S il 3 5
T IR K K S R R G ol P o R A Y

2) I 3] 5 ML S WUORL RS R OK BE A IR S R &
T IR 0 X B R K AR 2 b, R R g L L
JZI IS 890K o3, 51 B K SCE R E AL . AR BN
AN I ED K o o3 A AR B FE T K oy K 2R IR T
KIZ, S HOE PR R 0 A (e R R A TP

= N S B A0 27 R O i =i

TR, Hom i e XU R #h %5 45 A AR AR Wt

— A Ui 0 AT 5 5 o P A A 2 T B R AR B R 26

INGAR R AN T A 2R TR HTXKRE i it EE 2%

S5 4 BEAE SRR AR 5 [m] IF, BIF A e R RS A0 1 B A R

DEACAE B S 5T, DA T 2 2 B B I8 S R VR 2
3R WK S AN AR 2 R A A B R R

A Z— T SR K B8 A R ISR A 2 2 5 B AR 2

B AR A SRS HT B o DAL DT SR S 2R AR

K AT KL E IR, i — 2 5C 1 B A A B

A B A FIAR B K 73 F R AR 1 72 & 21 A A 0k A2

G 5 AR A T R I I M T YR K E AR A S AL BRI

FRGEVTA 0TI ¥ &5 R UK B IR A 2SR O i R

i BE T IR 7K 35 B AT BAY R T 1 R e R B R

8 KA L by ¥ B R K B IR ] S A B AR S

4 % ®
1) VL kL Ry 3 2 0RL 20 B 1 350 % 2 K FR T 1

o, BATBUR T K RE J1, W] B K o 10 R AR A {2

T A0 A PN S BSOR f P PP AR R
2 PR30 3] 0 5 45 R S T R I 1 T

S5 5, AN UKL S 3] 400 A B AR AR AR T A A A 1)

(YR 2SR 8
3) I 3 A T e B K SC AR A AR RN BB R AR

R T S B A RS A O o D R T RS o o —

A i S ) TR A ) L BT R R A RS IR T P T

5% H:

(1] wh2He, s, ARHK Ty . w0 il N T8 kG e A8
I B N R [T ] 4412, 2020,75(5) : 1053-1064.
HAN D M, CAO G L, SONG X F. Formation pro-
cesses and influencing factors of freshwater lens in artifi-
cial island of coral reef in south China Sea[J].Acta Geo-
graphica Sinica, 2020, 75(5):1053-1064.

[2] @ 3CHR, sk 3 S0, 55 gy XA RE g 7K 7 i 3l

WY UL 0 52 1) IR B AT T ] A A e S TR
#,2018,37(8):1953-1961.
JIW D, ZHANG Y T, PEI W B, et al. Influence of
loading method and stress level on the particle crushing of
coral calcareous sand [J]. Chinese Journal of Rock
Mechanics and Engineering,2018,37(8):1953-1961.

[3] AL, hakiiE , #HE , 25 2 4 b R 32 TR O T 3 7K
o ER B A8 AL A o R[] L O K A A iR CH AR
JiZ),2000,14(2) : 63-66.

LIXH, MAZZ, DONG Y, etal. The response of the
formation of soil layers in yellow ocher to the changes of
environment and river’s level [J]. The Journal of Shanxi

Teachers University (Natural Science Edition) , 2000,

http. // stbexb.alljournal.com.cn



186 K B AR R %39 %
14(2) :63-66. Geotechnical Engineering,2020,42(12) :2336-2341.
(4] BIR,Z=FE X, @M, 55 . 2 A4 m AL )= Bk [13] R3I, Tk, MRl sC, 45 . ma g & 6 v 045 B ib 3 35

[6]

[7]

[8]

(9]

[10]

[11]

B HFRRAELT]. A R4, 2016,49(12) : 2322-2332.
ZHATZ, L1Y Y, PANG H C, et al. Study on present
situation and characteristics of plow pan in the northern
region of Huang Huai Hai Plain[J]. Scientia Agricultura
Sinica,2016,49(12):2322-2332.

INFRMG X SO, A 1R85 N 3 % RN Vb 4R K R
[T]. A 252 4, 2018,38(11) : 3879-3888.

SUNC P, ZHAO W Z, YANG Q Y. Water retention of
the clay interlayer of dunes at the edge of an oasis [J].
Acta Ecologica Sinica,2018,38(11):3879-3888.

e AR, BB, S A R R (R A e B 4
Hy A S [ WA B A R [T ] K A DR R ST, 2021,
28(2):163-167.

CHAIC W, XU XY, WANG F L, et al. Response of
clay interlayer structure soil to rainfall infiltration in the
lower reaches of Shiyang River[J].Research of Soil and
W ater Conservation, 2021,28(2):163-167.
FETT, BT IR, A5 OB b e 2 0 1 R0 ML A
BB T KBRS K TR, 2009, 2002) : 22-25.
LU X Y, WEI X P, QIU W Y, et al. Experimental
analysis on the infiltration reduction rule by clay interlayer
in sand [J].Journal of Water Resources and Water Engi-
neering, 2009,20(2) :22-25.

ORGSR KA R R R R B K O
Y SEI T[T ] K B AR EE 240, 2004, 18(6) : 167-170.
SHIW J, WANG Z R, SHEN B, etal. Soil capillary water
upward movement from sand layered soil column[J]. Jour-
nal of Soil and Water Conservation,2004,18(6):167-170.
ZHOU H, ZHAO W Z, ZHANG G F. Varying water
utilization of Haloxylon ammodendron plantations in a
desert-oasis ecotone [ J]. Hydrological Processes, 2017,
31(4):825-835.

BV TR AT SO, A AR TR R T R
ok ¥z ® 5w g B 0F 58 [T]. & B 4, 2021,
52(4):845-853.

WEIJ T, ZHANG J X, FAN W B, et al. Effect of the
plough bottom depth on the soil water and salt transport
under mulched drip irrigation[J].Chinese Journal of Soil
Science, 2021,52(4) :845-853.
XVESC B IR, B P, 45 K £ e 2 b i UK ER s
SIS FE[T]. AR, 1992,29(1) 1 109-112.
LIUS Y, WEI'Y Q, LIANG G Q, et al. Study on
water salt movement in soil body with intercalated clay
layer[ J].Acta Pedologica Sinica, 1992,29(1):109-112.
R, AR B N A IR 15 3 M 00 RO ATL B
FELI] 4 L TR ,2020,42(12) : 2336-2341.

CUI X, ZHU C Q, HU M J, et al. Microscopic mecha-

nism of permeability of coral sand [J].Chinese Journal of

[15]

[16]

[17]

[18]

[19]

[20]

[21]

PRI WISET]. 5 £ 17%, 2017,38(6) : 1557-1564.
QIAN K, WANG X Z, CHEN J W, et al. Experimental
study on permeability of calcareous sand for islands in the
south China Sea [J]. Rock and Soil Mechanics, 2017,
38(6):1557-1564.

JEE AR e, B TR RS I B R T AKOK Ak 2 R AR A
JE LI [T]. 7K 3C, 2020,4005) : 85-90.

TANGJJ, HUMJ, WANG R. Hydrochemical character-
istics and formation mechanism of groundwater in coral
islands[J].Journal of China Hydrology,2020,40(5):85-90.
I, PO VERS , 45 . IS A6 AR A T b SRR T 9
T S [T ] 3 5T 5 5 DU 22 3 5, 2020,40( 1) : 42-49.
ZHENG K, MENG Q S, WANG R, et al. Advances in
study of engineering geological characteristics of coral
reef limestone [ J]. Marine Geology and Quaternary Geol-
0gy,2020,40(1) :42-49.

F 55 Be s = 2 L A S N A E T AR
(38 =R 4 ) - A AT L300 28 R e GRATO ) Y3
[EB/OL].(2023-01-13). https://www.moa.gov.cn/ztzl/
dscqgtrpe/gzbs__29134/202505/120250514 6473945 htm.
Office of the Leading Group for the Third National Soil
Census of the State Council. Notice on Issuing the Provi-
sional Soil Classification System for the Third National
Soil Census (TriaD [EB/OL]. (2023-01-13). https://
www. moa. gov. cn/ztzl/dscqgtrpe/gzbs _29134/202505/
120250514 6473945 .htm.

AR, £ 4L, MR R A (M bt m A
A i RAL, 2006.

SHAO M A, WANG Q J, HUANG M B. Soil physics
[ M ].Beijing: Higher Education Press, 2006.

RIGE M, T i, SRR PN, A5 L A0 ) P i 1 1 i bk -
FER O RRAR I £ 1 52 ) Je AL e [ T]. 7K R RS BIF ST
2024,31(1):105-116.

LINXY, WANGIJJ, WUBS, etal. Soil water characteris-
tics curves and model optimization of tropical latosol rubber
planting area under different fertilization[J]. Research of Soil
and Water Conservation,2024,31(1):105-116.

VAN GENUCHTEN M T. A closed-form equation for
predicting the hydraulic conductivity of unsaturated soils
[J]. Soil Science Society of America Journal, 1980,
44(5):892-898.

FHEERE B RIS MRS Bl Lok )2
(B BRI IE[T]). 4 £ 1% ,2017,38(11):3127-3135.
WANG X Z, WANG X, HU M J, et al. Study of per-
meability of calcareous silty layer of foundation at an arti-
ficial reclamation island [J]. Rock and Soil Mechanics,
2017,38(11):3127-3135.

F RN FRBIF 225 AN [T K SO AT 5 3T

http. // stbexb.alljournal.com.cn



5 ]

bR A I A ) T 2R 5 K SR I THT K S A i R ) 5 T

187

[22]

(23]

[24]

[26]

[27]

[28]

[29]

TR P BT T ) K R ERE 4, 2007,27(6) :9-11.
WANG Z G, ZHENG F L, LI J. Soil erosion process
on hillslopes of purple soil under different near-surface
hydrological conditions [J]. Bulletin of Soil and Water
Conservation, 2007,27(6):9-11.

LR R AT AR, A R [ R R SO AR
T 9 AT 7 0T B s WD AR A3 R S [T AR AR R AR
2011,31(24):7579-7590.

AN J, ZHENG F L, L1 G F, et al. Effect of raindrop
impact on nutrient losses under different near-surface soil
hydraulic conditions on black soil slope [J]. Acta Eco-
logica Sinica,2011,31(24):7579-7590.

AN KN TR 4k B VR K s K T i B AT S (D ]
IR BN R E L R, 20109.

ZHU X. Research on the formation of phreatic surface in
an artificial coral reef island [ D ].Xuzhou, Jiangsu: China
University of Mining and Technology, 2019.
EMAE B, OB R LB O] AR A TR G B
ABFHELT] A EDK R AR R RHE, 2015, 13(4) 1 15-24.
WANG L H, MA B, WU F Q. Infiltration characteris-
tics in sloping farmland at different growth stages of soy-
bean (Glycine max 1..) in loess area[J].Science of Soil
and Water Conservation, 2015,13(4) :15-24.
TSR TEWE 0, E (A5 b SRORERE E X 30 R
HL M (7] Al TR 4, 2018, 34(5) :120-128.
WANG L H, WANG Y F, WANG J, et al. Effects of
soil surface roughness on runoff generation mechanism on
loess slope [J]. Transactions of the Chinese Society of
Agricultural Engineering, 2018, 34(5):120-128.

BRI ) ] e, 2 I bk S5 SR S 8 5D A0 UKL 9B
FEm B AT [T]. s 1 0127, 2021,42(5) : 1245-1252.
JUY J, HU M J, QIN K K, et al. Experimental study
of filtration and fine particles migration of calcareous sand
in coral reef island [J]. Rock and Soil Mechanics, 2021,
42(5):1245-1252.

JrEE R L B AR A A 1AL DX 2 B K
o B AR R e R A [T, R0l LA %4k, 2022,
38(8):88-97.

FANG Q, ZHAO L S, FAN C H, et al. Influencing fac-
tors of rainwater transformation and soil erosion in thin
soil hillslope of rock desertification regions [ J]. Transac-
tions of the Chinese Society of Agricultural Engineering,
2022,38(8):88-97.

ARk AR T, A5 R AR b AR A X I i
S B BE MM L[ T ] K IR FE2AAE, 2019, 33(5) : 28-33.
LIY Q, DAIQH, GAN Y X, et al. Response of runoff to
rainfall intensity and slope on bare slope land in karst[J].
Journal of Soil and Water Conservation, 2019, 33(5) : 28-33.
E VAW BRI, A DR R XU AR

[30]

[31]

[32]

[35]

[36]

[37]

RAE A% b B A g (7] b 3= 4R, 2024,
42(1):132-142.

WANG H, XU S H, CHEN Y J, et al. Soil solumn
seepage test on clay particles migration process of granite
weathered soil in Fujian and Guangdong areas, China[J].
Mountain Research,2024,42(1):132-142.

FAB A FE S, AR A ANIUR S TR B 3 M 1Y
R BT[], A )%, 2019,4008) : 2925-2930.

HU M J, CUI X, WANG X Z, et al. Experimental
study of the effect of fine particles on permeability of the
calcareous sand [J]. Rock and Soil Mechanics, 2019,
40(8):2925-2930.

BE W VRSO SR WL, AF B T D K B T Bk B I R
KB B AARTE WG 520 [T]. 385 RO 2 22 4R Gl 3R B 22 b0
2020,50(4)>:1127-1138.

SHENG C, XU H H, ZHANG Y F, et al. Hydrological
properties of calcareous sands and its influence on formation
of underground freshwater lenson islands[J]. Journal of Jilin
University (Earth Science Edition),2020,50(4:1127-1138.
SHENG C, HAN D M, XU H H, et al. Evaluating
dynamic mechanisms and formation process of freshwater
lenses on reclaimed atoll islands in the South China Sea
[J].Journal of Hydrology,2020,584:e124641.

BT R, A S VT A I B YR KB B R IT 5 0k S K T
FREE A R [T ] K BB FE , 2019(2) : 199-208.

FAN L F, LIH Y, YE X C. Review and prospect of
sustainable development of island freshwater lens [J].
Journal of Water Resources Research,2019(2):199-208.
i I PR T R AL S R R A Y I SE B B SE (D] L
s E R 5 (B 50 L 2018,

SU Y. Experimental research on carbonate rock erosion
by the Maocun in Guilin[ D ].Beijing: China University of
Geosciences, 2018.

FOE S, X AR CRIEIR S A M BRI [M ] s R
2 A, 2003,

YUAN D X, LIU Z H. Carbon cycle and karst geologi-
cal environment[ M ].Beijing: China Science Press, 2023.
Tie B BRI B, B A L r L B A3 SRR - 23 1 X TR
A R ELT ] P ELA, 2023,42(4) :819-833.
YANG Z G, CHEN Q M, CHENG X, et al. Karst dis-
solution rates of carbonate rocks in north-south geographi-
cal boundary of China: The Qinba Mountain Area[J].
Carsologica Sinica, 2023,42(4):819-833.

GRS AEIRTE, [ AT . 35 T/ 20 FRi 22 90 246 1) i
RSP T]. HiRR A, 2018,40(2) 1 195-204.
MAO S R, GUAN Z D, YAN C H. A technique for
carthquake and karst collapse recognition based on wave-
let packet fractal and neural network [J]. Acta Seismo-
logica Sinica, 2018,40(2) :195-204.

http. // stbexb.alljournal.com.cn



