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Abstract: The understanding of the evolution of Beibu Gulf since Holocene is necessary in protection, utilization
and forecasting of Beibu Gulf’s environmental progress because it is an important large-scale continent shelf gulf
and continent-marine transition zone which owns abundant marine resources under the background of global
change. In this paper, the authors carried out laboratory analysis of geo-chemical elements, micro-paleontology
and **C age for samples from sediments core STAT22 in the southern basin of Beibu Gulf. Comprehensive data
analysis shows that there were relatively abundant foraminifera and diatom fossils with dominant surface species
Globigerinoides quadrilobatus, G.ruber, broad-temperature species Cyclotella striata and sub-dominant
C.stylorum respectively and non-dominant species which fluctuate discontinuously. Sr/Ba ratio varies from
0.64 to 1.11, indicating quick sea level rise and marine progression from slope and then shelf of northern South
China Sea during early Holocene and generally turned down together with foraminifera afterwards, but diatom
increased instead for a growth of land input. Based on Sr/Ba ratio and the continuous variation features of main
foraminifera and diatom species, 3 primary phrases of Beibu Gulf evolution corresponded to inter-glacial and
glacial cycles with mean G.quadrilobatus and G.ruber 69.62%~93.50% and C.striata 39.39%~100.00%
respectively. Molded palaeo-water depth’s linear slope was 3.091 m/ka and sedimentation rate also relatively
rather slowly increased, revealing scouring and relatively stable hydro-dynamic equilibrium to maintain the gulf
basin. Sr/Ba ratio and foraminifera abundance appeared maximally during 6.0~5.0 ka with amplitude
16.11%~344.74% but became lowered quickly from Late Holocene, i.e., from 5.0 ka to minimum in 4.0 ka, and
regression started along near-shore and also exhibited high stands along near-shore which varied from 6.0~3.0 ka.
The evolution of sea level could be comparable with Indo-Pacific fit output modes. The palaeo-Beibu Gulf
stepped into new pattern from ~1.0 ka through general regression which could be further classified into
3 sub-phrases corresponding to pre-LIA, LIA, and warming period of modern time, and there were also active
glacier advances from ~ 1.0 ka in Himalaya-Tibet orogenic belt, as shown by comparison with other study results.
It could be concluded that Beibu Gulf was sensitive to global and regional climatic change, and there might had
been mid-Holocene high sea level, mid-Holocene progression to near-shore and then palaeo-Mega Gulf;
in addition, the main body of transgression was guided by the first-grade lowland system formed under tectonic
background such as Red River Fault, meanwhile there was bottom scouring through palaeo-tide to keep the
dynamically geomorphic balance, and transgression and high sea level in mid-Holocene were driven and
maintained before mid-Holocene by tropical climatic system but its potential energy converted into second
progressive energy to near-shore’s low-land complex for above climatic system’s southward shift from
mid-Holocene. The above two ways of active and non-active marine progression constituted the foundation of of
Beibu Gulf, and ~1.0 ka as an important new climatic phase from 2.0 ka was probably the modern Beibu Gulf’s
starting time, and there was a tele-connection between Beibu Gulf and glacier advances in the Himalaya—Tibet
orogenic belt. The combination effects of climatically driving and tectonically sunken stress-induced geomorphic
lowland complex played fundamental role in the formation of Beibu Gulf.

Key words: Beibu Gulf; transgression; evolution; climate; glacier
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Fig. 1 Location map and age-depth frame of sediments core STAT22
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Table 1 Sediments description and G.ruber aging data at different depth of sediments core STAT22
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C.stylorum, Hij & fie & Sk %] 100%, 1 H Bk e
A B 2n-t), DL LR W R 3 — 20 R TR Itk
[ 4t B

(2)7h KI5 (6.0—4.0 ka)
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B.nodosaris i1 27251k, Bk kR v I S Fh 7 2 Bl 42 v
TR 5 & N EA ., E.advenum & R R IR
SRR HFD, IR Pindopacifica 2R3N B & (]
2h-1), P Fh AN E H.praecineta it 57.31%, ¥
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A iR . 2.0—1.0 ka FA Bk & By B PR sl i
%, HF 1.0 ka HBUBEREE B OER, SR)E T4
FeIF MR T B o S AETE B Betk/Nig e 5h, 1B
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1.0—0.0 ka BB fff(iE-3.41%0, ZJ5A Frik & (0
A AEARAE X Bl 3 AU A A L 3= AR Ry
377 /M1(10 g). 808 ~/(10 g)(I&l 2b—c), FiFA FLiH
G.quadrilobatus. G.ruber & 4HiT, it 69.62%
R SCERR AR, JUHZ 5 #, G.sacculifer #3742
&, G.bulloides AR P 35 Tt g 3PP T B (1]
2d-g), 5 N.dutertrei M & E42E % 17.50%,
HE KRR K P Z B oA, s B2 12 1R
I 3 AR T ) Vg M JRCAVE A L e i R e
5w () T.foliace It F+, 1M P.schroeteriana .
Bigenerina nodosaris % zh T F, = & It H
52.54%(R h-j), E.advenum, P.indopacifica W& 4
EAF 10%, WALHEF Q.seminula [F]F: 32 1k
(A 2k-m), fin EHE R FI Siphonaperta agglu-
tinans. Textularia atrata 3% 21.76%, LA F AL #
MR AL AT 74.30%, B4 H.mantaensis
T.stricta, Textularia spp.. A.beccarii, T.lateralis
G HEERFEEHRWE BT, Cstriata 373 TR,
{AATS SR Y 4 JLAR S A7, -3 68.60% 5 b Bir Bt AH
i, C.stylorum. C.nodulifer 2 ELE 34, IRALH
fl M. sulcata K iE I F+ If ¥ 3 25 fk (K 2n-r),
M.sulcata 5 H B RL¥FHFP T. favus, C.stylorum,
C.brightwellii 2% 20.68%, 5 L I 4 #«Fh 4t 1
89.30%. i A] WA H M AP C.brightwellii 78 )5 B Bt
Pk b FF, 1 P.weyprechtii W 2 (& 2s-t), LA L
W LREA], JEFRTE I A A Sy T Rkl K, AR
1= 1 v Y g K PR i A LR G.quadrilobatus
G.ruber, Ji& W9 5 A ¥ A A L du T.foliace |
P.schroeteriana. P.indopacifica %%, A KAE#EET iR
filr C.striata BE A AL IR S SRR T, $8/8 & 16
R IR TR AR AR, e & it I AR SR 4
Koy HL, (A FEISE R P AR B S A AR A T A T
AEAIL H 0 I AN W7 335 1 B 1% vt i A BLAE A A A o DA
ARl L Sr/Ba 5 070 Wi # AT AT ok, AHSE
FECH 0.92, Wi SR BB IR, X EHERRR
eV A 0.01/ka. 0.03/ka.
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32 BEEHNEEHIE
321 tHiEHEEERSSI

LI =AU 10.0 ka Z BT I IS AT 2%
10.0—6.0 ka 74 JF [ ¥ 1% (Tanaka et al., 2011;
Nguyen et al., 2020), A& F i 294, ¥
R — ALK R I e W4 32 4=, RIR s s A1 1
FMHAARFE] T A A — 2K, B mk
£ R | NSl % R  i VA m N | o1 J 8
MR Z R, WIAE T 5 1143 ) LA 1 051 B g
R F] T AR . X B SRR (B R A 4,
2017), H A TRZR M f K M 2835 2L ) IR Ry AR R A%
ARACAE ], 5 R )2 A6 3 19 5 SO 7 — L L A

A 1) AR — B, SRR BRI R AT AR Z HR,

YR I AFAE [ 0] PN A b AR L0 = N 435, B
BT AR A, 5 B M A S B A
THE R0 ) 3 3
322 BEEBMYAE

AR b A R A A F I R BE B Y
LTI IR, L 46 RE TR 1A ) A S a2t
P, 1 IACTC W oA T AR R TR R (),
6 R 85 DA R A5, POM RS 32 B4
0.3~0.8 m/s, 4% ifi A 0.05~0.10 m/s( & §ik & 45,
2017) . AR A LK B4R i, KPR (d) R fL
S EAAE AR X B A MO R /I In(d)=a+b-P,

A a=3.2, b=0.024, P S JEA A £L MR 5 i (R 0 4F,

2017) L5 WL K ERTE ARt &2 T s, el
W ET, JE A 6.0 ka JRIAPRE SN FTF, AR
T T A A I - TR B AE A A% T AR R R i i
AABE A RLR AT H & TR E, PIEHERERR) K
W& 3.091 m/ka. 0.046 mika, #¥K e 95.07 .
66.20 fi7 (K 3a, b). AT 0. Fi T R 13 21 /K AN S 2ot
JEV A T W e A T KOG 1 A il R ol RS [ K
B, RS2 A RN K S5 A SR S s AR W [ A T
Wl KV WGBS I HERE R, PRI 4
K ARG 0 sh AT AR, AT 44

100

=]
(=]
1

y=-3.091x+61.39
R’=0.385

& K I /m
(=]
[=]
1

40

20 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
& 1C/ka

2 %GR

linear fit

= ki
depth

BEORBENS RS . T RE T I B RN R A T
JEHISRA A o RIRAR AT UL Sr/Ba A FLAL | Rl EEAL
PR it BARIE Bh AR Ak, (R S O S (R Rl 2 X
Hfoe tERESt:, RAUTRE K K15 L4
W ZFE7R .
323 HEHitERIFATER

4 45t vk )1 2545 B 58 (Solomina et al.,
2015), [1%%6.0 ka £J£0.3 — 0.4 ka J& 4@ it vk
7 rw i = s 10/ L6165 4 ol 1 . [ 0 e R S ey
o AR T ORISR, 57 AR VK (LIS)
IS B fe /N, AT AR 2SS B 7R B VKA (ALS)
T 6.0 ka 457 11 fl £ 1 il oK et ik B A . R FH oKk e
FIRERL(GIA)BEAT BN BE — K- 1 T A 48 (Manin
et al., 2019), AJ WLILERVE AL & HE4-HFLT 6.0 ka
25 AR I PR, 6.0 ka 2R BRI 1 AR
R EEAT S, MREIR KIS Z 3 RL . H
TV 45 Ry M s i, ) R A BT RTS 2Z2 53 o AREE DL 1
Sr/Ba AEfkihZk, dbHBVEVE AL T L L I R I 1
A Sr/Ba HAEAS T 5.9 ka, 5.6 ka H B B B Be bk Ik
AR, AHXTIRAT B3GR 53 51 39.89% . 16.11%, ¥
WA LA | A LR T G R A B A, 430 R
344.7%.140.12%, JNEA WK FRELAERE R B Z 15
N 2) XK EA —E g, 4T
Arid 4t 6.0—5.0 ka S A% R BB LT B BL,
FIHAEYR B R RGN IS H A2 B8 A28,
Z AT AE R 2R 2 HROR R K B R ML RN o 1%

&2 STAT22 A 6.0—5.0 ka [ & Sr/Ba tL{EEHY
1B FF4E

Table 2 Growth percentage of Sr/Ba and foraminifera

abundance during 6.0-5.0 ka of sediments core STAT22

HILRFE
i H Sr/Ba —

beaid JICATG

H AR /ka 5.9 5.6 6.1 6.1

A X 5 MR 1% 39.89 16.11 344.74 140.12

WAl M T W WIREE S d F e {E
]_
b

(=
==]
1

=]
(=)
1

y = ~0.0468x+0.6398

TLAR 3 %/ (m/ka)

0477 R*=0.3534
0.2
0 T T T T T T T T T T 1
0 | 2 3 4 5 6 7 8 9 10 11
Ff/ka
E LA et (Ui )
sedimentation rate linear fit

3 STAT22 A HKR@)FTIIRE (b))%
Fig. 3 Distribution of palaeo-depths (a) and sedimentation rate (b) along sediments core STAT22
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i St =%

I A5 Rz 393 i R J 30, R IR B AT B
W5l Z NTERHIE
3.24 WHeHthEFEE

K PR R B — R 2 5, e s
KARGMENAES T, Iz 22 HRRELY
WM KRR, g 76 T HA RE B AP HE AR HL 4k . 408
T 2= KT R ik 25 %, (HF 6.5—6.0 ka
H G TR FR AR 4T, AL ARRE2RTR LA 6.3 ka Sk
TR AT (&2 K)o FL 2k (Li et al., 2017;
K SR 2L, 2018), AT DL b i S A R
ARG Fa i, AEFr LT i 1 1 B )
ARy 2 IR 2 0, 98- T e 2 Ve S =)
W, TFUR 1] G AR Ml 1 4% 2 RE T TR B 7 TR 4R
S AT LA g - B R B 00 i I v TR A7 AR X
% 1 A= B 19 H 4258t 9 42 (mid-Holocene  transgres-
sion) (Ranasinghe et al., 2013),

£97.0 ka Z Hi T _F TH2 42 KR vk 9K 5h B
(Smith et al., 2011), 7 7.0—5.0 ka 2ERZ W4 i =~
J5, AGER T rh A T A 0 R R T T B R
FERERL, JEPRIE AL AR T 6.7—6.2 ka JT 4R B
AR AN B, AEERVE R ARV IR R A R
Wl RHZ 4T 5.3 ka, By sh g iz
FIMET 5.8 kao MU [RIMIZEALERIT A A V4 ) A4 =
SIS | LRI 2 E S g E T
Sy G E A, 2019), T AR ED AL A 34 S VR TR
o A ERZAE S Z P AL T e S 17156 Sk 08 3T
ZK5 HifL oA, HAWGIRES 6.5 m UL, T
HYEESAHIT 2R, BT A, 2
BT TR J Fhy AR S A (AR i i B R - T

bk EOCA KR A, TR T AR R A
C.striata 4, fH/KZ 155, AF LB E, A
W-THENE, @B aZES MMRE S E A
SRAL A B S (K 4), HUBRREEETH
3.60 m R ZJ5, AifLH Cavarotalia annectens.
E.hispidulum 5 IUFRCH S &, BRTIR  wsh i fi
PRI K, VLS8N, TERL T RIS AU B
(% 4), H: Sr/Ba LIRS S B A g { X TR B
HI BRI, KA, & AR IGE X ] 2
JET 14—1.3 m RETHRBC PR, AL
JEE H B 4 T e {EL AN U U (LAY 2337 4M/(20 @)
2176 M(20 @), 454 1.7—1.5 m4EH#8 7.9 ka A] WL
R A AR I S (] 4); ZKT7 BGFLALF TP R
JIGT . 7 T K, DAAR O A R L s S A i
T, AR R 1 5 b 327 B0V TR B 0
T ARTTAR RS, JRl 1 4ot vb 2 SR B S .
BN 5.90 m DL EAAR S, RN K AR BRIk
2r, AHARXS = R & U XE LR B, T ERTTRY) B
AT Ul & 9T DU 8 @ o R TR b 45
Fr AR | IR, A DA A AL RO R
HH 1.7 m DOk, DOREREEI] S A A2 4k, KIEm
URFK B 79855, BT KR L b, A fL
HEHE i, Sk C.annectens . B.nodosaris. Cellanthus
craticulata 55 ) PUIT /& % ULE, I8 B0 5 A A e
C.striata, Hyalodiscus radiatus %%, AT 2 & 1 V5 AH
WEL (& 5), SriBa 7R S PR ThE A iz om i TRy
B — 1 KA AU R an [R] ZKS gL, A RS
A5 XA S TR T 18 M 4 52 3] PR o B T 42 17 2K
XA ST B A R (B 5),

Hb 2 B fr 5 | Rikls g it
% | & & B [ERE J?/,Jg g N i; “CH ia
s | s |4 7 | /m m |
e e 2 BREBDRS. GEDNE TR IANKARREE EEALAH
1 4o 140 72 0| Cavarotalia annectens., Eiphidium advenum. Elphidium hispidulum,
/ g o0 OPIETRI69 20 ). ReizsaT
AT 8 Melosira sulcata, “FRE2634+/g
Lz | Y EBEE L, ARG, RSN annectens, Eladverum, —_—
2| 2601120 |- ezl Ehispidulum, OQuinguiloculina spp., Bigenerina nodosaris, Textularia foliace, JﬁJt\, | 7950435
4 e TR 172310 (20 @), FEERESEAT C.striata, C.stylorum, -1 18647 g IS [T (1.5~1.7m)
# 3360100\ 7 0 A EREE LI, SRR TR, LA, 2EATCanneciens,
.. - E.advenum £ hispidulum, Cuinguiloculing spp., “FHEERE11024/(20 g), FEREEAR
F o 4 14001040 C.siriaia, Melosira swleata™s, £ 1 i i
(S i & — —
i 5 |sm010 0 o o\ EREHLEED, GLREYNGERIEE, WS RER, ACriaa, TIEEHT
E o S S 1&5&5@% Y, BESONC striata. Nitzschia cocconeiformis, ¥ENFR ., N
6 |650]080 S “f[{‘j‘g_ | 9834438
: - Gl (5.5-5.7m)
M. KE. RASAORBHRE L, TS ELN5omBHaRE, RUEER
W 7~ | 72~ |07~
H 12 | 37.1 | 115 . e . G = - Caps -
5 o B, REC, BIOEERD, MRS LS, RULD, g | -
A BETE. CAMOKHLTIG L, S TR AR (JJMJ.C) I )
iy

4 JEEREACLERIAE ZKS5 $AFLE M RHE
Fig. 4 ZKS5 sediments core at near-shore of northern Beibu Gulf
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02 8 4 | Bk u
B |FE BB R e
S 4 P k=3 /m #H
EROGERD, KB, SKMA, B4 RAT20%. 475 NCavarotalia | i 2
1 1.70 annectens®, F£E/NF100~1501M/(20g), JKHFHLD, EFEALE201M/(20g), BEE
A& F B R FC. striata, Cy.stylorum,M. sulcataFHyalodiscus radiatus R
E
# THEHEERY, RR, BEERAT0%, TAARAER .
” 2 |[3.70 9
+ , , , ;
3 |4.80 BEW, ME, RSN, FALRAEER GO
E 4 |[s.90 V7| LHEaRRRE, ME, PEEN, THLARNEK
| s 1700 KRR, FRE, RERCHLIND . WORD. HARDE, BEE.
5170 BRE. REEEIN, RBIBSRE, BREE, KL i A
oI | gy |30.45 Rt
4 H /ot

5 JEEREALERIEE ZKT7 $hFLE M HHE
Fig. 5 ZKZ7 sediments core at near-shore of northern Beibu Gulf

325 HARILEET

BR T ARG L0 = A U S A — Gl M | T AR
I C A MK, RG] T A 4 AN [ 72
JRE 2 7 PR I A R HE BRI v A AT, AL UK 8
T FEIFRY K. WAL BRERL . Sr/Ba BTk
) 4B AR R 4.0 ka, RILHEMA R ILHE H
MTF 6.0—4.0 ka, J& FrhapttryhiERN, I8
X IO A 2 2 VKRS (GIS) 1 R A Ry 4 /1N 9455 i 1) 2 45
BB o AU 25 S R S 7R 4 T 9 1T 19 b e T
T 5% X Rl KA 5, T g R vK 7S (A1S) T 6.0 kafs 1k
fAlifk, £97.0 kas7fevk)i (LIS)AL{L 1k (Mauz et al.,
2015), Xif Ef— A Fifi 2R 1 7K B4 s HE FR L 48 38 B AR
B, 32 B B s e I A 1 300 o B B 2 KB A 4 o,
S P ] R S B W (E B B o B R LR LR
MEsk 2B 2Ftt, mEL = MmmT
6.0—4.0 ka ZEFF I, TR 40 40 IR AR A
SriBa M 24 78 thAE, 11 A LR I 2F i Uy 1+
B v 98 - 1 A B 52 HH T P e A i, (H R
BN AR 7.2—4.2 Ka, TR S VG AR I A
T T TR 4R P T 6.0—3.0 ka 18] (WK Bk 4, 2009; B
T4, 2019), Z09 =T 6.0—4.0 ka kb T = ik i
BBz, 1l B T A R R YR, iR
B3 I B AP 1 10 m(Funabiki, 2012), 21
o B A S FAN R RO T S A g
5.5—4.0 ka /= 1 1HAH XA, RJE BT IR R
(O’Donnell et al., 2020), ZE& L Fikh, 5 FiRif
i R VT T LA B b 4 I AR AR IR R oy R G
BT 6.0—3.0 ka 5 6.0—4.0 ka, A SCHH#
g o b E{E BN 6.0—3.5 ka, I rfr 4 k4% o Fi g
Sttt B G o RIS Y H B ET BB AT IS 1R A ) —
P, AR AN [ B AS ) B S 5 ik i B A S
i

326 MEEHitiER

TR VS /0N U8 2 R 2 B Bt (4.0—1.0 ka)J& F
M 4 i, B fR) R HE BT 4 RO Xk i 4 K
(Neoglacial), #kJIliz gl k6 B, /i A6
PAAG X S8 A AR 55 AR A R 4.0—3.5 ka HH B I 5 %
TR vk 2 #8257, BTk Sr/Ba i Bl - R
R- LT B B /NI g 2, AR UL AR AR R, H
MR Z IR o 200 = MIT 4.0 ka ¥ F-TH T
FEAEiR, 3.7 ka O 4 B8 KB AH IR EE, 454 1
W Sr/Ba {f WoniE%E T 4.0 ka JTFHA/NMETEHE, 4.0—
3.0 ka FIRENILE A Rl SRR 2 ke, 8 A] WAL ]
=N T 2.0 ka H BB R [ (Nguyen et
al., 2020; O’Donnell et al., 2020) ., 454 FiR AL ERE AL
W R 2 A 2 s, KRBT 9% 2,
Sr/Ba TR B 1 E LR, sz b At
MR ZAELE, {H Sr/Ba 1E45 0 TR B Rl AE S 3 T
Fat, HIRPE i BT kb 3t X TR R B A ] 1 A7 AE 22
S, RIEEAE MC MAERE Y R W 4 I, £k
PRI A T ERPR N 0.48/m ~ 2.34/m, iR
N 22.30%~46.20%, E/niEIRECN B (£ 3), iR
(v B ok L Y 0, OB S A R A, 1 S ol A 25 5
BN M OR FE 0, 3 1 b 3B 1 e 96 - 1 W) B 24 F
1.2 ka JFUR FRE, FRERHEIE 5 i R AR VD 5,
8 T b S R U S e 4 T S R O 8 A IR N
1.3 ka, ZLRIARADRI AT 2B 7R 1.1 ka 0 T Pk
MR (A4, 2019; Xia et al., 2019), A W, EIAL
JEFBYE 55 e 4B VR A G, IR R i A BRI R
() BRI B B
33 IkMETEBFETUMKEXER
331 Sr/BaiE W FEMSETHXER

AU Sr/Ba Ltk R RLRLE AR o SRR
B, LS TR LT A5 W 00 AR bk
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IR =%

P—F, IRA AT ARt A B RO & DR Y
TRER S, Rt 2 b T (R R 2R
TRE-IA BT -FRRCR B 2 B BB R ERIE, SR
] 4 Tl AR b T (AR S R R A K 102 30)- (4
I IS )T B -(rb s 40 ) A BT R A2 - (0 I/ ok
HFN/INGK ) B IR AR X6F 7 (] 6a) o [) ke i L
B ER YT UG 1T R S5 R . VR E SR S IR R K,
B (GIA) B /R 1 - 1 2 R E T2 5+
ik R s, IR EBL N T REBE(ER
4, 2014) (&l 6b); AT A2 EN—K M3 ) AR AL IR R
TV R AR A 4 T TR XS ¥ S AR AR 2 ke, A L
94 ™ 1 AFE e A R U4 5 A ] D AR TR 45 2L ] A
MUK ¥ (Leonard et al., 2018), #JF 6.0—5.0 ka it
Sr/Ba JHIZU U 3 K5 [ o A B B R
S N G SR D D VA PR R AT T L = b R R 4
kP et k. 2ERVKIE%(Solomina et al.,
2015) £k ME fa bR BT, 5 B R R
S AHAE AR (K 6c—d).

1.29 a
1.0
2 0.8
& y=0.026x+0.635
0.6 R’=0. 444
E Sr/Ba
0.44 R G i
£E 1L (Sr/Ba))| £ 1 A(Sr/Ba)
linear fit E polynomial
0.2 — T T T T T T T T T 1
0 1 2 . 5.6 & & 0O 10 11
A /ka
1.0+
¢ i 0T 9
£ 0.8 Gaussian fit
~
} 2R 44
-;-g_ 0.64 linear fit
§ 0.4 4
* 2
D'O T T T T T T T 1
0 1 2 3 4 5 6 7 8

A4 /ka

3.3.2 JLEMEH AT TER HIKBNHLH

DL b3 R B AR i AR A 5 AR OC R
Yl B 28w W AR SRR 4 IR R 1 2 )
R . KRR K s . Vi R R R, 15
A3 Y- 1H ) R R R D R, TP TR
TR TR % T P TR
HRACER S | AR ER S . BRI B B i)
Xof 7 KGR I S AL ORI . DKEEIRAE . s L 3k
Pl fre o, 2R 0 3 B A T T AR AR s R W T AR
1k, IR B S LR VKRR — 2P S g5 R
(F4).
34 ItHMEEH—XEEHSFFETHENXXR

U B — K M DX B 72, HHA A it
T ) e VA TR R IR 4 T VAR AR A B G, R 4 T B
— KT J5 ol 2R K AR e s i ¥ Y T 81
fiila, /R 5.5—4.5 ka Vi 1Ak $H  (H X 7] 22
Ja ¥ 8 F B (Woodroffe and Horton, 2005),
Malay-Thai 2} & (&2 &) 48 g F i F

594 b
D ’IZT_\ T T 1
= 0 1 2 3 4 5 6 7 8%\ 9 10 11
% 5 z ‘f
BT = /ka
A
10
=
;,Is-
A £ 1% (8.0kall H2)
“9p - Holocene E linear fit
10 7
d
8_.
N
& 6
= y= -0.544x+6.147
B, R=0.339
1
=
=, ]
0 T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11
F A /ka

a—Sr/Ba; b—ZRVT M; c— K ERHE; d—aBRokitk,
a-Sr/Ba; b—Pearl River Delta; c-Great Barrier Reef; d—numbers of global ice advance events.
El 6 At Sr/iBa tbEFFIIEBEIUR ST OFLLR

Fig. 6 Sr/Ba regression fit of sediments core STAT22 and comparison with Pearl River Delta and other areas

*3 ALEEALEREEH L EME M ER 2 EFH Sr/iBa Tk

Table 3 Sr/Ba changes in sediments cores along near-shore of northern Beibu Gulf in Late Holocene

(AL Sr/Ba }
ESPIN - — VUREREE
AT KI5, FBEREE(1/m) AE AR FE 1%
ZK1 [N 577 45 75 11 0.10 -46.20 e
ZK9 rpg RN O 0.48 -22.30 W
ZK4 ek SN S G AR 2.34 -38.06 e
ZK8A ZRB Rl s Ak 1.76 -41.65 3T 5 1R i
ZK8 IR BN 0 R 1.10 -42.36 3T 5 VR i
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IR =%

6.0—4.5 ka I d5 g ¥ 1T, o 0L 4V B o 9 TR
HB T h2pit 6.0 ka, = THAL4.5~5.0 mZJ5
EHTREBESE, A8 1.5 ka VIR EBAHEE
(Rashid et al., 2013), E[1 & 74 & Saurashtra i /5 A i
LRIk 4.7—2.8 ka WV, RS G ETRE
I F 1.5 ka ik A BEAR 52 4% Fic & i 1) (Banerji et all.,
2015), 8 Fg 7R pe A R A A E 6.7—5.0 ka ik
Plfg i, BEE T FEIFT 0.60 ka & T HE
(Stattegger et al., 2013), = [ V& ¥y 52 v 1ol i) ) H 4
Bt e v Vi AT T ERAC (2.5 £ 0.5) m (Oliver and
Terry, 2019). WI ULAGEBVL - 11 22 fL A4 5 LA B
FHIE o 3 A Y T B — K Vi Sl Bl 42 08 ) A 2 4t 4
JESEREETE | R VE AR A R Rl AR AH %, A%
32 B AU AR Fl oK HE M 5 ), BRGHE OR AR G e R
5 R T B R AE i SR T 28 K TR 1 e i T
T BT U R BRIk 55 =2 I, XE DA A 4 1Y) v g THT 1)
i B SR IR S T AR, VA AR O A R
S TR T HE AR v T T, AR G B W E H AL TR IR
WA UKIA TR b RO, BESIREEA T T FE
TR B W KAE RIS T, FEIR I R4 57 21
TR, TEIK SN 1H B 3 i R RS
H A GE T IE LT Rl 28 (i 225)- T 1 A5 4 S st 1Y)
F i P . B LS E A N ZE AL A R R AL .
35 MREMEERZSELTSEE

2.0 ka M 4pr i Dok 4 ek A e A8 b HE 2 A )
R, MRS 1.0—0.0 ka R HpT 9 — A~ 2 AR fL By
Br, Bk, A6 ER A BACHEE K A BT

2.0 kao Ay 3 B AL TR D DT85 1) 24 it 39,

AR AL FB IS AE 2 2028 1.0 ka LUK IIE 43R Kk ik
P AT A, IR AE BRI R 2 o8 sl e ThT 1B 4R AL
W BE5E A AR ML A S BEPI AE, A Ah 2k —
ISR SRS N R

35.1 £IKMERER

R 3 7 2 BR v 46 B 60°S A 6.0 ka LA A 4 Thi /K
5. (SOT)(Crosta et al., 2018), HZ &7\ Kl
WAE 1.0 ka ZHETAE L2 B A8k, B H
1.0 ka FFh 3L FIFEr sk T RE . AR 2 3ROF <l
5 (Solomina et al., 2015), H:7E 2.0 ka F [&IFHE ik
IS, R EFE 1.0 ka 22 FrBerEg (e, e R0
UL T BT sh4ERE . 2.0 ka DIk ERAR
AR EIR, 2.0 ka (95 A THESE —HN
R, HEZ: T )53 R G R 5 = 48, 2021).
1.0 ka “T i B B Pk 5% 4 28 A0 AR b R V8 T A% B 22
GISP2 piGl & M K . IRD(AL K PG 7 VK I AR )
NAO(L K VG ¥ ¥ o) 5 T SR An AN R, 76
DX Sl v A DX AN, 1 3R BRIl A8 AL A T 2
855 (3% 5, 3K 6).
35.2 kJIiEDh

(L)HT/N KA PR

WET IR, VY 1E AR AL S VKT B AR R D) OG
F, UHIZIE 2.0 ka vK)ITE 8 X5 S IEA 2
H At DR BR T — e LR Ktk SR, R AFAE S
5 1.0 ka BFIAIAR I B ET/NKIR UK, A FR A H
0Kk, KB 22T 1.3—1.2 ka Bk HE, WTREAFEAE
HI/ NI UK, w4t vkt 5 GISP2 pKGES P IR
20 Skt % Y B8 - (Winsor et al., 2014; Schweinsberg
etal., 2018), K &b HBAF7E e 407 th A Ay HE 8% (1) i
/NI VKt (Fernandez-Fernandez et al., 2019), 7%
B R BT 1 ik 4> A T Etages vk fist U 4
(0.9240.02) ka (AD 1085 + 20), [FH&EJE T i/ kid]
(b it 42 pk E (High Medieval Advance, HMA),
1% 2 VK HE AE K 4 BT R BT ) X vk 1] A AL
(AD 1093+65), Kt Bl 3 /INK B0 o 7 56 M
K25 B B g4k Patagonian MVKJE % T 1.0 ka 2T

®5 1l0ka IRHIEHKEZSKEIETENLSFIE

Table 5 Global climatic indicators’ variation characteristics from 1.0 ka
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Table 6 Regional climatic indicators’ variation characteristics from 1.0 ka
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Table 7 Sub-phases of modern Beibu Gulf from 1.0 ka

I 441 gl J&i 3 i
VKA e [ /N3] 7k Bl K (A BR7Z 1)
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B B O, Eihiy
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LR 1L vk AR 2k NG| Xl wN P 4T T
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Sr/Ba A1k T T Tt
1616 iR iR gk
- AR 3] 37 Ttk
At
bR G R i Ttk

) PUIE BR VK E (Kaplan et al., 2016). /NUKHA(LIA)Z
Z9H 0.6 ka HELF2ERIGVKIETE 8, 7EH05 X ik
) 4Bt ek, EIRE IRz BB (KA A, 2013),
FREARE N &F PO R BT AR
FETF 1.0 ka FiTJ 3 BLoKEE RS 2/NK .

(2) 5 T 11— 7 = i 1L vk it

HHEAEKE 60 A 3.0 ka HEh ETFLIET
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([ JCPRAE, 2003; Brown )45, 2012), AN{Umg 3L AR
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et al., 2015), & SR Ly [A]FE 4k, 1.0 ka B 5
i AE bk th E Bangni Ll Ay UK I BR, AH X
ELAQCT iy e i ) B B4k, gk R K3 Fn i 4
Bt A A PR B RO ST 5B I UKBE BGS-I1I,
Je 25 BB /oK B TR 1 2y 5 g% (Sati et al., 2014;
Prakash et al., 2014), X T 1l Bk PG AF 58 IA
J(Kumar et al., 2021), ANLLEREERPUZE, R 428
PG R SR PN T oK) R U Bl o A< A 7L = i
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(Saha et al., 2019), AF}HHLIX7E AD 1 230+80 1} 3 i
Z Kk RN K (Peng et al., 2020), 4 BR UK )1 25464
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(Owen, 2009),
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