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Fig.1 Site deployment map and field photos
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Fig.3 Water level verification results in Sanya Bay



26 Marine Geology Frontiers ML T

202247 A

5 ST AR T, R 25 00— <<0.2 my/s, I AT Bt
T AL 5 S0 L ) R 22 R R, R AR
HLDD1 v 7381301, ELS2I0 3 16 5 45401 3 170 46 TIE )

W /(m/s)

30

Aif /b

0.8 - HLDD2

{3 /(m/s)
o
~

¥ 02

0 5 10 15 20 25 30
i [6] /h

B, WA O FEATC 22 5 (18] 4), e, BTtk 3l )
R BE S S5l P e = 0. 25 Y Bl O 4 A8 AR

360 - HLDDI

270 ¢

/()
%
S

o
(=}
T

0 1 1 1 1 )
0 510 15 20 25 30
IR TE]/h
360 ¢ HLDD2
270,
=180t
B

90 |

O 1 1 1 1 1 )

0 510 15 20 25 30

i [E]/h

4 Z=TERERKIELER

Fig.4 Current verification results in Sanya Bay

2.2 EIREHES MR

PRADL 14 = .95 - £ 38 V2 Y ek 15 9 U A
Yy i 5 B i, S U KT AL 1R 2 4 1 g
W [i], 3559 I 1) 52 T S ), A JEE [l Sk £y b 7 A
ORI, TR AL SR A =W N, AER D
578 5 B R, P DX A AR, 0
TARLL R W IS sl . = ek S e A
WN [i1], ZLEE p ik S i 1] o W), 9 2

18.28° | - -

18.23° -

18.18°

18.28%|

18.23°

e Ry
18.18° [ Dl

5 SN
L

109..27" 109..32" 109..37o 109.42° 109,;17°E
Bs5 =ZWEEEna (£) 5%2 (T) REXER
Fig.5 The vector diagrams of the flood tide (top) and ebb tide
(bottom) in Sanya Bay

VS R R ) R BS [, U A1 I U X R
E 1], IR LRV vhf S5 4N 2 LIVE e 35k &,
B R AT A 1.0 m/s, = VS IR ILE <0.1 m/s,
Jry E 1 X AN = B HL X R A L IRl Sk
FAEAE T S X

UG R F0R R S K R B, B
BRI SRR L, RS e 5 PR D A B SRR
YER, B 6 S =W AR o0 i o TS5 kv A
XPRR 7= AL A SR, AR MR E ), B fek
AR, 290 0.3 m/s. WEE S NI AIAT TR
HAAR, IR X 4% <<0.05 m/s, i LA RUEL S 75 ) 3
FEK B R MUY, 433K < 0.02 m/s. BFSE X BAEAE £
AN, B T 1R S U A PE AN 2T 9%
TSR WL S0 DXAR e O A AR | PG B i A, e
IRV AN Y ATk B 3B B, AR P R A K
Tl BN AN, = 5L TS N AT
i 1) VR A, VIR IS T S 2 T ) B Y B0

18.28° ff

18.23° £

18.18° |

109.27°  109.32°  109.37°  109.42° 109.47°E
6 ZIEEERRRERER
Fig.6  The vector diagram of residual current in Sanya Bay



E38EH T

BV, A5 =P MR A S ) 22 e S TR LR 27

3 =RIETERER AL AS (a]) 2E 5

SOETEAR | VU R A U8 SR AL R AR X P AL
o AR BN AR e AR IR AR AL, DU KR
@, SEATifE ) Ak SR A RO T, AL B AR
RUBURL ) HREAESR 3P 80, FEM Fr b 3R i B — SR
RBEY T, FhEs R, FU TPl FAL; P
MEMEDTRR KL RE BORL, SR I BEIR B AL, AL B
e rb TR LR AT, 0 e 2 B A o MR by 0
TP HTAE IR, KU A 55 P 8 1130 2 Vgl R A
R IR (G5 10%), XTI A SR Ak g bk
A ATk 7.4%, it TR S AR iR B
PR iR 5 i (0.46%) (181 7). 52 A, TUR
T AL i B R s ) AR R PR AR AYRRAE, SR

=G PG ERAT WL A4 = VS M I A, AR P i s o
Gt = ISR X R B TURY) PR 547
HUBR AR S g 1 P s, UMW A& el
0.002%~0.014%, [FFERILN “IA @ AL 1R,
H 57 HUBR & B HAT 5008 B 2 M A DG, 26 B IX 3,
A BTG YRR .

— N /%

e

. 9 KA 10
1828 &y T + 9
N . 8
- 7
il ;Q@‘;‘ [ 6
18.23° | i <1 B
@ _.r../‘vI | 4
(e H3
~ | B2
18.18° | 2.4% mp
] o

109.27° 109.32° 109.37° 109.42° 109.47° E
B7 REARYDKGT SENHE

Fig.7 Distribution of ilmenite content in surface sediments

RS BT A B A RO 020%, N
H KT RSO R 2 DU [FIRE L B & N | 058
BRBLRSBEE 1.0%, 297118 5 P e BEAT BLRR P-4 06
ff 2~3 5 8). — Mok, ERmiR 04
AT LR 0.3%~3% . HeRESs ™ 7 1 02
S 5 TR 5 LA BLBR S A (AR 0.00%~  MINEM®e T T | B
0.76%. llzi/-g 0.378%. /a\ﬁ‘>03% E/\Jj‘fﬁpﬁ] 5,%'\#;% 109.27° 109.32° 109.37° 109.42° 109.47°E
" SO A . . B8 RENBRYUHPENHBIESHE
B 62.5%, S 7R %I A ALBR & R AT 5 Fig.8 Distribution of organic carbon content in
WAL, S5 8 iz XA MLk & IR —8, B4 surface sediments
*1 ZTZTERESXRENRYMINLER
Table 1 Surface sediments sample analysis results in each sub-district of Sanya Bay Beach
%
AR ALK B BREkD”
RKME B/ME P PNl Nl T LoON 1 B B2l

IREB 0.25 0.11 0.20 0.014 0.007 0.011 1.25 0.16 0.35

R 0.16 0.06 0.10 0.009 0.003 0.006 2.34 0.15 0.58

PuEs 0.11 0.04 0.07 0.006 0.002 0.004 7.41 0.16 2.08

DR B g B b 20 A1, AR PO 0 T 4 7 et A

4 1he

M R AL A ) 25 S A 2R R TR
A LTS B DI A “RUEL” , 75 AR BB )
BRERA SR A R AL . ARSI RAEER, =i
R ] 22 I JHE A 9 3K 5 T e TR R 2 A
0.4 m/s, Y o2, TS Sl s A0 0 2 B LR
UKL 22 J] 300 5 RE R U LR, 181 5 R IZAL AN
7 1) A F R DT 1) PRI, SRR T A U R B 1
DU b o S BBk, H& B AR, R R R

1%, <2%. =TV P 2R 350 30 JRURL 5% Vg 3 e K
LY 0.1 m/s, 43I <0.02 m/s, B iZ AL N i
IKIREE, T AN FI TV 515 P s il
7 5| S B T A ) 0T T e D R B 2 7= A
3 7KIZ Bl), X IB 15 i 17 T 50 S K IR B A 4 BB
Wi T AE FH 22 A0, = 0 5 96 1 TR S0 T R
W IRE TR . VR T BRI I RO, XU
K, BOIRAVE TG B, YRV AR 45, MR v R,
FEE Ry oD R AR B AR IRV L U IR N 5 RE
[ Sk 2 5 B, SN AERC I D TR 23 B U5 T i )



28 Marine Geology Frontiers ML T

202247 A

% FE B U A L I T R VD WORLAN L 32 AN
BT A 2 i 2 S B AR, M2
PRI B 4

3 5 Wl AR R AR Bk s (T S X,
B SREER R IX, B K ERR A, B
e 7, Bk B v ik 64 655%10°, — Bt (10 000~
60 000)x10 °, FEHOR S PRI L AT R AR, JB I
VRMFAURR, B2 5, MUMDTRLE s

VR 9 R Y I 05 7 KU S 15, 2 AR AL R T
R, SRR IR T, M5 T KAk, B K I
B ST AT | B KA, 20 R o ALK 37
WR A, 0 4 0 3 0 X TR Ok, D
SPRAEF T, Zoad R W4 B UL, T K T
KB IURTIR . BR DT 3 B R AR A
TR My, AU SCE ARSI B0 . T Bk
R = i, o =T A =
VS IV T 1 4 PR DU £, 55 40 24 REESRT 1

A g =0V 1 TG 42 00 £, R R AR
AT A ) LA SR 1 % B, 5 RO B ik
B Bed, AL EW A FEE W62 T 255 0
WERE . 1S MR A R B R, A
WERE, T LUK RS, REREISHEL, [ 3 18,
SO MR T4 Tk B TGS IR [ L 1
W L TR S B0 AL, A R K R,
BRI . TAER, RV A R T R 8 2 R
R Rk 2 Uk A L R, S IR T
JEl s ) SR

G S A PR AR ], 00V 2R
TN AT OIS e S BN BAL . A HLR 5Kk
BRI A B AERE K SRR Y B R P
SEAEVEWE L VS, AR AN 2 5 T o, 23K
A 1 RNGE A FH 8 37 W 100 4 0 5 B 06 2 1) U
PRITEUI (B “TR ), 28—t 1 B R L5 I
T P09 2 SRR AN L. IO /N B i A BT
(9T A5 HELHE , 40 Y R R B 50 W B A LR
sl L ISRtk 1o o= SN ACA S i
IR A [ T 1T A I e 54 300574 A 400 % 328 4725 24
L2 LA O e A LSRR, T SRl . AR
PR KA MRS, = WA Sk A
A& — UG A TR, (A 30 = 30 3] i 2
KA 2 T SR R — K bR, 355 2.42 mg/L,
HLBHE KK T BOD/COD H 0.1~0.4, iZ Il 32
TEHEKATHLTS YT ATl AR A0 U, LB,
B IZ X A HIL T Y 4y e 3 5 e i 1 v

HEAL, =50V B (AL 45 S R = WS AR
IRE IR, 15 Yy B AT R, LY AT I
HAR/N, AR 0.02 m/s, IS4 EE B e 11 AE
Wk ARG A LTS e 1 2 Ak R
S R AR, A BILITR S 75 5 R i
T e M 5 B 33 2 M IR I R 1 TR A R 2
(B ek I T RS2 22 )7 T 1Y

LR C/N LU AR AT WA DL R UBE,
A T AR 5, TR O/N LB
4~10, Tk HB A o TR IR A 5 A Kk P e 2%
WAy, C/N HAEE %8 T 20, C/N HAE A 10 BN
WERIMEA PUREACE 65, — i =, YiReh CN
FUAR <8 Sy S 280 i A LSRR, T > 12 SR iR
PEAHUT ", A HES AT 3 G B TR T ON B
RN L IR R R TR 4 5 R,
WFFEIX C/N {H R 2~18, -1 8.98, #MATIEW h A
DUTZ Bt 3L RIS . R4 XL AR C/N 5,
DAV A A BILIT A 2, Je s X2 [ S R
=S RUBLE TT 3K 18, O/N {RAE X E B4 h e i
2 e 2 0 D L VR A X3

= 2R s R M DA 1
WIT A, TS K HE O R R 53, i
TR R R I, 5 3K 2 44 1Y
VG BE I RS T I 2 V5 K 2 H, = T R 3 R
TEE FEARORS Z2 B] 30T 10 ke A A4 VAEIE 8RS [R) A2 2
B, R I, JE A LA R VS /K HEB T BT ) 68
PEARE, BRZE 2015 4, =W T 4 K 72 A 1975 K 2
23 J3 t, HATEEBER 10 ANT5 K kb B 4 K HEE 7
o7 15 7 €7, 53 A 8 15 AR Ao =00 T K
PHEAE, P Y A ER, i R
VOMETB YIS . R V5 K b BRI T 45 B A AR
RIS K A B TR P52, V57K B HE A7) 1
BB REMR . AE 2020 4F 1B A B b & B0, =
ST V5 VG P 2R it 22 Ak i 5 ) R 3 A,
AU VA7 A BT 1 64 U8, 2224 20 em JELE Y
VORI R 0, A B (P 9) . B
Rt I ] )3 2 B ok Tk e B 6 ) I i
K H S, T T 5 K TR )
FIARTA , B HE— A5 I3 5 7K HE RO, H 5 2 75 7K
LA AKWAE RS, s, = Wi % i
3 Jol 0 0 O 3 S R v A BB B e
(1 8), Hisyel— e EA R . AR IR K
MR SFAT AL, S ATk pk b i 1 35,



FIEHTH

WA, A = WIS IENEI AR AL s ) 22 5 ST AR AR 29

T A S B P TR ) P R R 8+ 95 2y 1)
KRR S H6E R, TS e

P = PSR BT oA, T P A i AT ) T

] LR EEZY 20 em Ak H B U
B9 EFmiaLiEETRYR ARG R
Fig.9 Buried sapropel at the bottom of beach sediments in
abandoned gullies

5 #5i8

AR S 3 B A1 S i L 2 I o3BT R I
BRI, RGEHITE T =0 1M )e B Ak 2 6] 22
SRS, BB

(1) =W 75 V7 TR 5 A B LATE I L 5 oh 2,
R H IR 1.0 m/s, RILTHAH 0.2 m/s, FaH
E [i); =75 Py k7 T 1 << 0.1 my/s, e R AR
B RAT A 0.02 my/s, Ja i b X 4 K i £ 55 R
S A A A7 0 e L X, HL v B A7 A A A B
Rz 8.

(2) = WVBAR . P ERIEMER U A LR B 5 T
o ARV I AR Y R B A IR B A, SR
A A s R, A TR R A R i, R
E LR Ak, X R BRI BECTE
FEHHN 0.35%. 0.20% 5 0.011%., PUEREERETT
TR M, B BEHOIR AL, AL B A h
FOKIL M, WA 2 B oA, X Rk . A
MU S5 BECE &R 2.08%. 0.07% 5 0.004%.,

(3) =G T e P A R R th T A A
YIER R (N IHZ 55 53 e & 4, HY FOREF
SV 25 R T N A e A AR 1 et 1 2

RESRH, BRERE S PN B S5 EW 1ol LR
Ytz T 238 S R R | Ve S A5 — W AR T
e PRAL 2Rt TR A LIS R Bilnis 5
AW DURWE L, AL DR SR A T S5 400
REIE TS HE A5 5 T 1S e ol v AL FRASRE, T3¢ &
TRV T Ry M A 1 15 K HE S 15 e A s , i
TS K A AL L YRE ) S W B RE RO T
BACHY B E LI R

BE 3k

(1] BRI, sk M, TRARTE, 55, ¥R & =i SR TR R (1]
LTS 2R DU 2L LS, 2007, 27(4): 17-22.

(2] EMR5R, Ml EiE. =W Sy BALBE S 0 (1], HR
51,2016, 23(11): 31-32.

(3]  ZEEH. RADHERBEUIFD]. SUH: BT, 2019: 86.

(4] ASFEERr, XAk, N R A U8 b 455 B 1], 7K68 AR,
2016(10): 50-56.

(5] @R, RA%, 25, % =W B L JaA 14 (],
JPEIS, 2020, 66(S1): 157-158.

[6] g2t RAHEE M. BIDCE, 96 JEat: Blea i, 1986:
343.

(7] FERHE, BRuLER, KRR, 55 IR R Z UURW S h PR R
Sl L= i (7] EEPERREER, 2020, 39(4): 563-569.

(8] ZJy, 2= 4. g rg = WEVE I 2 A S DTSR R I S ok Je (0]
FARBIE, 2016, 4(4): 392-400.

(9] WRHIIIh, BR)ISE, WhAeMR, 5. MM A R BRI A SR W RPAIE
B 2T (3], PRI T A2, 2016, 28(11): 141-143.

[10] k4. MErgEkeks™ 5 2 70%8 P IR B 0], 4L Tl
HEIE, 2007, 24(3): 28.

(1] Bl SOk AR, BRR, 55, R & =P IS NERT ST (7). Spua
5T, 2006, 26(3): 477-484.

(12]  ZREifg, Bhigd. = WV5 R RS R 43 B K B it %t 5k 0] i
PEFF 2 S, 2008, 12: 105-108.

(13]  Beifcte, saese, 4 SCid. e AouLiml iy = 0 V4 1 4= i
JREEIRG 53 [T]. MR, 2016, 33(3): 57-64.

(141 RUSCHE, Bk MG, ¥R = V075 - 21 55 V0 2 B 245 MR (L
e R AT ASACARAE [T]. op R A2 4 CE AR B RO
2021, 51(S1): 60-67.

[15] WEISS A. Organic Derivatives of Clay Minerals, Zeolites, and
Related Minerals[M]. Berlin: Springer Berlin Heidelberg, 1969:
737-781.

[16] PAPADOPOULOS A, PARISSOPOULOS G, PAPADO-
POULOS F, et al. Variations of COD/BODjs ratio at different
units of a wastewater stabilization pond pilot treatment
facility[C]//Proceeding of 7th international conference on envir-
onmental science and technology ermoupolis, 2001: 16-19.

[17] MULLER A, ULRIKE M. The palaecoenviron-ments of coastal
lagoons in the southern Baltic Sea: the application of sediment-
ary C/N ratios as source indications of organic matter[J]. Pa-

lacogeography Palacoclimatology, Palacoecology, 1999, 145: 1-


https://doi.org/10.3969/j.issn.1006-8554.2016.11.013
https://doi.org/10.3969/j.issn.1006-8554.2016.11.013
https://doi.org/10.3969/j.issn.1002-4972.2016.10.010
https://doi.org/10.12111/j.mes.20190010
https://doi.org/10.3969/j.issn.1004-5716.2016.11.047
https://doi.org/10.3321/j.issn:1001-7410.2006.03.020
https://doi.org/10.3321/j.issn:1001-7410.2006.03.020
https://doi.org/10.3969/j.issn.1005-9857.2008.03.024
https://doi.org/10.3969/j.issn.1005-9857.2008.03.024
https://doi.org/10.11737/j.issn.1003-0239.2016.03.008
https://doi.org/10.1016/S0031-0182(98)00094-7
https://doi.org/10.1016/S0031-0182(98)00094-7
https://doi.org/10.1016/S0031-0182(98)00094-7
https://doi.org/10.1016/S0031-0182(98)00094-7
https://doi.org/10.3969/j.issn.1006-8554.2016.11.013
https://doi.org/10.3969/j.issn.1006-8554.2016.11.013
https://doi.org/10.3969/j.issn.1002-4972.2016.10.010
https://doi.org/10.12111/j.mes.20190010
https://doi.org/10.3969/j.issn.1004-5716.2016.11.047
https://doi.org/10.3321/j.issn:1001-7410.2006.03.020
https://doi.org/10.3321/j.issn:1001-7410.2006.03.020
https://doi.org/10.3969/j.issn.1005-9857.2008.03.024
https://doi.org/10.3969/j.issn.1005-9857.2008.03.024
https://doi.org/10.11737/j.issn.1003-0239.2016.03.008
https://doi.org/10.1016/S0031-0182(98)00094-7
https://doi.org/10.1016/S0031-0182(98)00094-7
https://doi.org/10.1016/S0031-0182(98)00094-7
https://doi.org/10.1016/S0031-0182(98)00094-7

30 Marine Geology Frontiers ML T 202247 A

16. [19]  HAEBA, M ZE, 5k Db, 55, =W iiAR Y a4 s A A XU
[18] ANDREWS J E, GREENAWAY A M, DENNISP F. Com- PR 5595 Y Iy st (3], AEASIREE2AR, 2015, 24(11): 1878-1885.

bined carbon isotope and C/N ratios as indicators of source and [20]  JEHe, B/NDT, B TS YR TR RN s AR R [T]. RS

fate of organic matter in a poorly flushed, tropical estuary: 2725, 2007, 26(7): 1125-1128.

Hunts Bay, Kingston Harbour, Jamaica[J]. Estuarine, Coastal [21]  BERZA, XWINT, B, 45, e -2 17 5 L KK B (52

and Shelf Science, 1998, 46(5): 743-756. mafESE (1], ARSI EAEAR, 2017, 26(5): 837-842.

Spatial differences and formation conditions of beach mudding
and blackening in Sanya Bay

HU Mengxi', CUI Zhen'ang', WU Zijun’, LIU Wentao', JIA Lei'

(1 Guangzhou Marine Geological Survey, China Geological Survey, Guangzhou 510760, China;
2 State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China)

Abstract: The beach mudding and blackening in Sanya Bay, Hainan Island, South China has been a problem for
a long time, which seriously affected the sustainable development of local tourism resort and caused widespread
public concern. Through hydrodynamic numerical simulation, on-site in-situ observation, and sample analysis, we
conducted a systematic research on the spatial differences and formation conditions of beach mudding and black-
ening to remediate the beach. The numerical simulation of tidal currents showed that the currents in Sanya Bay are
mainly east-west reciprocating. Both the central and outer parts of the bay are dominated by ebb tides, and the
maximum flow velocity can reach 1.0 m/s, whereas the fluctuating tidal velocity inside the bay is less than 0.1 m/s,
where the maximum residual current is as low to 0.02 m/s. In some areas, such as Tianya Haijiao and the south
side of Luhuitou, there are areas with high flow velocity, and the residual current is offshore movement in Tianya
Haijiao. In addition, field survey and lab analysis showed that the degree of blackening in the east and west
beaches of Sanya Bay is relatively higher than that in the central part. The entire bay can be divided into eastern
stripped blackening zone, central normal zone, and western patchy blackening zone. The average content of ilmen-
ite from east to west zone is 0.35%, 0.58%, and 2.08%, and the average content of organic carbon is 0.20%,
0.10%, and 0.07%, the average total nitrogen content is 0.011%, 0.006%, and 0.004%, respectively. The blacken-
ing of the west beach is mainly due to the mechanical transportation, sorting, and enrichment of non-ferrous min-
eral ilmenite. The material comes from the Maling coastal ilmenite placer, where the wave energy is concentrated.
Under the strong waves, ilmenite grains could reach and blacken the surrounding beaches under the reciprocating
movement of east-west tidal currents. The organic matter is attached to fine-grained sand to form sapropel under
the works of anaerobic bacteria, which makes the eastern beaches of Sanya Bay black and stiff. Pollutants are
mainly from the local domestic sewage discharge and the resuspension of submarine sludge; the low self-purifica-
tion ability of sea water in this coastal area is an important factor in aggravating beach blackening.

Key words: Sanya Bay Beach; blacken; numerical simulation; ilmenite; sapropel


https://doi.org/10.1006/ecss.1997.0305
https://doi.org/10.1006/ecss.1997.0305
https://doi.org/10.3321/j.issn:1000-4890.2007.07.028
https://doi.org/10.3321/j.issn:1000-4890.2007.07.028
https://doi.org/10.1006/ecss.1997.0305
https://doi.org/10.1006/ecss.1997.0305
https://doi.org/10.3321/j.issn:1000-4890.2007.07.028
https://doi.org/10.3321/j.issn:1000-4890.2007.07.028
https://doi.org/10.1006/ecss.1997.0305
https://doi.org/10.1006/ecss.1997.0305
https://doi.org/10.3321/j.issn:1000-4890.2007.07.028
https://doi.org/10.3321/j.issn:1000-4890.2007.07.028

	0 引言
	1 材料与方法
	1.1 野外调查与样品采集
	1.2 水动力数值模拟
	1.2.1 控制方程
	1.2.2 网格与水深
	1.2.3 模型参数设置


	2 三亚湾海域水动力模拟结果
	2.1 模拟结果验证
	2.2 潮流特征分析

	3 三亚湾海滩黑化空间差异
	4 讨论
	5 结论

