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Sea-level Fluctuations and Response to Global Changes during the
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Abstract: High frequency sea-level fluctuations and their response to global change in the Pearl River
Delta, adjacent to South China Sea, is still an open question due to uncertain dating and complicated fa-
cies changes. In this paper, we correlate the sediments of three cores, selected from the delta, using
magnetic susceptibility stratigraphic and cycle stratigraphic methods. The geomagnetic inclination change
recorded in sediments of core SX97 is compared with the geomagnetic paleosecular variation profiles re-
corded in sediments from the Shuangchiling Lake in Hainan Island, Erhai Lake in Yunnan province and
Biwa Lake in Japan. Based on this correlation, age-depth models of three cores are then established. The
magnetic grain size indicator x,zy/SIRM, coeval with the susceptibility, is used to serve as a proxy of
sea-level fluctuations during the Holocene. Two high sea-level episodes occur at 9.1 —7.7 ka BP and
4.0 -3.2 ka BP, and several sharp sea-level falls appear at about 1.2 —1.5 ka BP, 3 -3.2 ka BP, 4.0
-4.75 ka BP, 5.25 -5.75 ka BP, 6.2 -6.3 ka BP and 7. 25 —7. 75 ka BP, corresponding to impacts
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of cold climate in the North Atlantic and weakened monsoonal activity in Asia, respectively.

Key words: magnetic susceptibility stratigraphy; cyclic stratigraphy; geomagnetic paleosecular varia-

tion; sea-level fluctuations; global climate change
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Fig. 1 A sketch map for the location of drilling holes PD, PD2 and SX97, and major faults in the Pearl River Delta
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Fig. 2 Comparison of carbon ages of core PD with those of cores JT81, V37 and PRDOS5 since the Holocene

Yim (1999) " #G 42, eSS, =
NGB R, LR AT Rt Tk is
Yo, T SEOMAESS BIORHE . AT 3 4
ERELALF IR T 2 1, R KA 6 8 1 R
MR K LR TS AL, 3 Rh AR fL AL 23 S M B )
KT, PR C AR A AT B

3 BhiALIA) Mz X B

il SX97 Fl PD A1 1 2 25 SRAE W] 2 1) 4%
TR0 il i A e TS PR REAR A, L JSE ROk 1
B2 OB o R T AR AL T E AR BERG )2

[26,29]

RO IR R AL, Sk T UURUR SRR
M RZ PRI B AL R
PIZEHY | R EERVKLIEE J5 i A AL PR ARLYE , R REAS
DIRGE R E R TPl s, ik, Ak
RIINIR ALY L f R SIER AW T AC Ry 11 282 B2 ]
e o WA REAL AR RNV, W B — TR
Jie el o REALARAL A Y — 6 1 3 R A (RS R BT DOAR,
AL AERFLIRL MRS LU R AU ESR AR (1813) o
SX97 I PD 5L ERAEBERG 1 JE 20 | m, itk
FAAHLAR, P LA O B FL 3t J2 0 L de W1 S0 ) A
JZo RAEAE PD2 i fL 847 A BT I i) 2R D )=



55 6 1 %

ANRE s BRYT = A YN 2 I 1 T T3 B O TR A Y i 1 67

fHRAERALHE (915 ~17 m) fPfE—JZ K
Wk £ OB, Kb i i R H 2450, BA IR
R EIEZ T, R — AR AR AR
i, 5 PD GhifLRAALAAFIEARH AL, TAERLZ Z
b, DRI REA AR S BRI I, mT U
Wiz 2 e 5 AEBERG L R g O . AAEBERS 0T
i, ATER IRV, R MR, DI
P TR BN, e (] AL A 5 DU G AL R /N
R RAFA— 2k 7ESEAL BB, A e —mEfeR
RN RIZNL, SATERMRRZE M —2,
TR AHTIE LR RIDURR, i nl DUVE Uz X LAY
—MIRAEIE . WSRO AL, B RS
L S D52 85 R W 5 1 22 0 AR Oy — S DU RRBE [e]

(£2) (BhAL PD2 et PiBUA TR —, XEL
Ry ULRRE ), S REAL R MR BN 5 5,
EATTAT LAVE N Sl AL R 2 X i R TR, S5
L SX97 WIREAL R AL AR B2 55 T HE PG fL,
SEATSRE LU AT AE ) M 31 i O T PR AR AR 0 45
FHIE (K3) o FET X FiE B TR =Ry xT b, A AE
BEKG 1 b, AT RUEEST 3 AN LR HUZE X H A AR
%, K2R T AR R (PR a-g fr
i0) (E3). BARTERLACARFIIURE ] Al X )2
i, 3 MEALATIRRPIAFIR A B R 255, BhALTL
IR C AR TCTR AR BEHERG 1O AR AR B, (R
FE B TURE ] 475 5% 2 B BR UL = F P 4 T LR g
T2 DAEAE T R B R A 8l

F2 SX97 5 PD HiALUTRR Y TTARE [ R o
Table 2 Deposition cycles based on the lithology variations of cores SX97 and PD

SX97 L PD &L
S S/ em el B e/ em el
ol (s - o b 68 B TN 60 .
HA LR, R ks T 60 TS b 1, e B LR 140
AR R - TRAHRD , &5 bk DL 99 L RHERE AR 150 ,
TSR 1, e B LR 140 P ks 200
SO, IR, & EE N AR 240 MR ek 226 )
R B RYRD R L, B R L5 300 L RMBfERE L 275 i
TR, a5 R Ik + 350 L ek 327 ]
ST I, B R I 370 TSR AN, B/ 7% 427
S TR L 5 05 437 S EBMAN, &AR DL ER 450 .
TR 1, R 450 TR b+ D, B /N5 480
TR ks, & DL b 570 o R TR, & 520 .
TSR 1, 4 D72 599 RS 1, A7 DL 665
RSB TR -, A (LB 660 PRI TR: -, & 05 SR G 720
RSB RS -, B/ D e 730 £ kmat 740 &
EBERS + 860 BERL 1 913

4 HhifL SX97 Wi ifm Atk

BifL PD \PD2 iy T4 D AEROT Z )5, Kk
MICIE AT M7 TR WS, 5 A AL SX97
ADTR IR HEAT Tl S D7 R A9 AR, LS em Oy
[ALFEIBORE , 2L 200 43277 1K (2 em x 2 em x 2
em) B (13.85 ~ 15.7 m Z (8] YURY) LA TG i
WHE) o B e S o0 A dh 30 4E 0 ~ 80 mT 52 7¢
#4820 ~ 650 C it i [X ] ( MMTD60 4B 47 )
PEATRETG U, I3 BIAE 26 - 755 i T R GE i A
o SEHREREN], 16 mT 5 200 °CHeA ] LIJHER

AR RN o 75 358 19 58 48 byl O e i, T
PABRARRE i AR IE R R (6 4) o O 1S U
1R 5T 3B RS S AR SR AR XA B4 BT A R
PATPORRESE SR . T A RS B LT LA
REVTE R LRI A9 A AL o

ZEAOVEFE 4 DL AR BRI L, DL/ TR
VLT O30, AR IBORE R R AR R o 2% B e K A i 22
> 8O PRV it , P A R R AT TR BE P AR AR AT 5 ()
s o MG S ARl 26, AT AR 30 i B e 1Y
8 Mg AL (FRICH ‘o -7 ) MR TR KA
Bt HER T A A LR AE



68 R AR (ARBEMO %5 53 &
(a) PD (b) PD2 (c) SX97
x/(10°S1 x/(10°S1 i x/(10SI
it
i 4 A 0 10 20 30 0 10 20 30 40 50 0 10 20 30 40
ka e 0—
2.465(AMS) -f---- 100_- Pl
Z30 200 b
300 c
1.80(AMS) & Uy d
2.69 000l .
600
3.160 ~ ]
3.725(AMS) 00 .
800
onn_- g
28.54(AMS) »| T .
21.95~ oo0u] ¥ B
>18 - 1100 900
1200—- == 1000
1300 1
j 1100
24.33(AMS) » 1400+ 1200_‘
51.0(TL) -] 1500 : i
1600-] | 1300+
ST(TL) -0 j b B _
R~ 1700~ 300 1400-
BRI /em WRIE /em WRJE lem

=+ =3 APk - =kt ok b Wi E RS
My Coals i COmmbrik Ll E=Eski+

B3 £5FL SX97, PD DL K PD2 PLARE Il 434 15 2 % L
P 2R s AE RS 2 A RSB L B AR PR R AL IR, 50 a-g AURTTRLIE ]
Fig. 3 Stratigraphic correlation between cores PD, PD2 and SX97 based on deposition cycles. The depth scale of core SX97
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Radiocarbon ( AMS) and thermoluminescence ages (TL) are shown along the lithology column of cores.
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(e) and Erhai lake™ (f). Radiocarbon ages, lithology and volume susceptibility of core SX97 on the left (a,b).
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Table 3  Sediment ages obtained from correlating the
deposition cycles and susceptibility variations between

cores utilizing the inclination curve

PD2/cm PD/cm SX97/cm AR/ ka
180 60 60 0.75~0. 85
345 150 135 1.0~1.2
405 190 200 1.35~1.5
480 230 250 1.8~2.0
700 323 305 2.4~2.6
920 440 390 4.65~4.80

1020 490 470 5.7~5.9
1180 650 580 7.3~17.5
1 400 710 708 8.5~8.7

5.2 HiI=AileHttsSmEsTEELEE

YU 223 (] 2 2P - 10 A 72 16 BT 2 T
20 DURUHIPRLFE AR /N 38 A2 45 Tl R0V 11
FEAERE R . — s o0, A A DR AL I 2
MR R KRR A4S SR R R —
REVEH Y, W iz K 3h T 260 O U TR
Wiz 2l ) 32 g A TRFE A 0B s 553 1k, RELAUR, 2
A0 1 e o ol — D0 R AR, i 240 FORE A D A 7
ol RS W 2 — B A g — AR AR ] —
B I BT K ORGSR S SOE AR Y
FA )R DX R R0 T B T Rz Bl
T B 5 0 ) RSt A R (R X AR
22BN S I 3 1 R HE AR, AR MR S
I IESHER



70 HlREE2ER (BSREERR) %53 %
SX97 PD PD2

10— 10— 10
8— 8 — 8—

S 6 6 6

%’ a . .

& 4 4 47
2— 2 2
G llllllllllllllllllll O llllllllllllllllllll 0 llllllllllllllllllll

0 200 400 600 800 0 200 400 600 800 0 400 800 1200 1600
RJE lem

K16 Hifl SX97,PD LUK PD2 4R — TR EARAY
Fig. 6 The age-depth model for cores SX97, PD and PD2

PD S5 FLIEAN I 5 A il 2= 25 R R DR Wi 4
AN A ARG (SIRM) (B AR K, IH IR TG 8k
B BN W R SIRM/ ke [ U AR S B T 41k
BEPET )2 53 (3G T, 5 T 7K R 38 i 5 B0
IKBN T A IS A O o B 35 1Y) SIRM/ ke WA —
A B B AR R TR RRAIE 1] EORREASH , & A A
FLE IR, L SIRM/ ke (% s AT RE S il TR 5
WEIR A AR oy STRM [R]85 4y o
IFEFR, 5 SIRM/ i A HC A3 & AL, (H HAR

(a)PD (b)PD2
x/(10SI) ©/(10°ST)

010,20 30 1020,30 905,

(c)PD

x/\RM

/SIRM
. Ipl():§19(l)5. ]

PR Oy W 25, o T Ak JRE ) 72 A B O UK
P SEAFEIN , A 220 X ann/ STRML KL IR 1 G B
HAZ AL, AT IR B i T it A AL A B A QR R o

B, FATUCH L PD x g/ SIRM HLAE A ]
AL, W T T TR AR L PD Y
WG FN x o/ SIRM, DA K2 PD2 Ak 3 (BRI [R] 14
AL T B TR, BEAL R I ZAE S X/
SIRM Jf- AN SRR B T4 1) — B0 X3 I TG %
X R PR e JEE 2 A B A A

(d) JLR PGS

IRERE 5 k1%
201510 5 0

(0 ZHRHET
R

-60 -40 20 0 20

‘

AEHA/(kaBP)
s

I B B s e
-6.5-7.0-7.5 -8.0-8.5-9.0
DAS"0O(%0,VPDB)
() F B A 02

B7 BRIL =AM AL S R R AL Z IR AR X anu/ SIRM IR ACERE TR AR A V- T 8T Ol 0 Ay
AREE AT DA A AL A IR 2R 1) g e - T A8 A
Fig. 7 Susceptibility variations of cores PD and PD2 and y,zy/SIRM parameter in core PD dated according to the age-depth

model of Figure 5 and compared to hematite-stained grains fraction in the North Atlantic (MC52-VM29-191) (gray bars,the high

fraction represents the more drift ice and the cold events (1 -4)) (18] Asian monsoon precipitation

[12] [16]

and global marine curve



5 6 19 o NGE BRVL A YN A (MY T8 e S X 2 BRAR A i i 71

MAAREFERR x s/ SIRM. 52 B 15T 167 A5 4k 43
B, He 5 HE K AR AL MU A AR D), 13
TERRIT = A X IR 2Y 9 ka LSk 79 4E KR (4 1 T
ARt R KA R R LEAE 2 9. 2 Ka,
B RHFIRIATEL 9.1 ~ 7.7 ka Z [, %0 1t 2
2 KT RO 1 o B2, I3 R R TE Y
~8.2 ka R HAEXT I BT R . TERKIERZ G,
Xarw/SIRM JFRG /0N , 26 B HH 5 [] s AS AL AE . 2
BT L B R AR 1.2 ~ 1.5, 3.0 ~3.2,
4.0~4.75,5.25~5.75,6.2~6.3 f17.25 ~7.75
ka BP ([&]7), 500K PG 2 5 ki 0k 2 71 1 vk 7%
FAER B R (R 22 A VP B
510 0 SR IR I 2 XSS S A — B

TEMG T FE AR E AT T , 2Bk 1 A9 22 4k
ARKFRRE T R T A Bk vk i i 22 46wk 391/ i vk 3
(it IR L AT T T DR, A i
DI T AR AL R i 3 5 A AR b — B, X
TEAT AL o (R 76 TT4F — T4 1a] RO, Y- T
W SRS ML A7 A5 1 20 AN 58 R DR 2%, T X i
-G 2 T BT TR B R O AT AR
(255 . DRI, 7S [ 1 3ol LA A [ f 2 A M 8 e
DRI T 6 - TR A £ B 2% EL A R 1 22 S, AR o
GRBRARLABR O FERA B, R A
EA T2 1A I 2 B B VT = A 9 [X 0 T T 1 25 A
M o =y A A AR Ak O s, (H R B ARAPE AR AR xanw/
SIRM 5L K PG ARk ks 2 & (1) [R) A AE e i 44
UK ~8 ka F1 ~7 ka ey o 1 -5 96 P 25 RS T 5350
B2 RN W AE BRI = £ I R Y
VST TR 35 A ERSAE AR L 2 A AE R R

6 45 B

1) BRI = A P 0] TURR ~2 73 By 47 A [ IX
S FLHLJZ RS H PR A R i TR B DORRE [l S
W T YIRS A i A

2) BT UURPIIC S 1 MR % 7 K AR Al 2k
AL = A P OT A R 3t DX IR X L Y AR A A
%,

3) LISRBE A2 8 x ann/ SIRM D9 B AUHE S5 AR
K S e g LT T PR B0, T A B 6 U] A Py A1
VA Y- T PSSR A G i V- T )5 A R Aok ) A
(AiupKE

S 3k

[1] BOND G, SHOWERS W, CHESEBY M, et al. A perva-

sive millennial-scale cycle in North Atlantic Holocene and

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

glacial climates [ J]. Science, 1997, 278 1257 - 1266.
ALLEY R B, MAYEWSKI P A, SOWERS T, et al. Hol-
ocene climatic instability: a prominent, widespread event
8200 yr ago [J]. Geology, 1997, 25 483 -486.
KUREKA J, CWYNARA L C, SPEAR R W. The 8200
cal yr BP cooling event in eastern North America and the
utility of midge analysis for Holocene temperature recon-
structions [ J]. Quaternary Science Reviews, 2004, 23
627 —639.
WANG L J, SAMTHEIN M, ERLENKEUSER H, et al.
Holocene variations in Asian monsoon moisture: a bidec-
adal sediment record from the South China Sea [J]. Geo-
physical Research Letters, 1999, 26(18) ; 2889 —2892.
HALL T R, BIANCHI G G, EVANS J R. Centennial to
millennial scale Holocene climate-deep water linkage in
the North Atlantic [ J]. Quaternary Science Reviews,
2004, 23. 1529 - 1536.
DYKOSKI C A, EDWARDS R L, CHENG H, et al. A
high-resolution, absolute-dated Holocene and deglacial
Asian monsoon record from Dongge Cave [J]. Earth and
Planetary Science Letters, 2005, 233, 71 - 86.
ANDRESEN C S, BOND G, KUIJPERS A, et al. Hol-
ocene climate variability at multidecadal time scales de-
tected by sedimentological indicators in a shelf core NW
off Iceland [ J]. Marine Geology, 2005, 214 323 -
338.
BOND G, KROMER B, BEER J, et al. Persistent solar
influence on North Atlantic climate during the Holocene
[J]. Science, 2001, 294 2130 —2136.
AGNIHOTRI R, DUTTA K, BHUSHAN R, et al. Evi-
dence for solar forcing on the Indian monsoon during the
last millennium [ J]. Earth and Planetary Science Let-
ters, 2002, 198. 521 -527.
HU F S, KAUFMAN D, YONE JIS, et al. Cyclic Vari-
ation and Solar Forcing of Holocene Climate in the Alas-
kan Subarctic [J]. Science, 2003, 301: 1890 —1893.
GUPTA A K, ANDERSON D M, OVERPECK J T. Ab-
rupt changes in the Asian southwest monsoon during the
Holocene and their links to the North Atlantic Ocean
[J]. Nature, 2003, 421 354 -357.
WANG Y J, CHENG H, EDWARDS R L, et al. The
Holocene Asian Monsoon: Links to Solar Changes and
North Atlantic Climate [ J]. Science, 2005, 308 . 854
-857.
SELVARAJ K, CHEN C T A, LOU J Y. Holocene East
Asian monsoon variability; Links to solar and tropical
Pacific forcing [ J]. Geophysical Research Letters,
2007, 34, 101703.
FLEMING K, JOHNSTON P, ZWARTZ D, et al. Refi-
ning the eustatic sea-level curve since the Last Glacial
Maximum using far- and intermediate-field sites [ J].
Earth and Planetary Science Letters, 1998, 163.327 -
342.



72

R E e (HARBHERR)

553 &

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

BAXTER A J, MEADOWS M E. Evidence for Holocene
sea level change at Verlorenviel, Western Cape, South
Africa [ J]. Quaternary International, 1999, 56. 65 -
79.

SIDDALL M, ROHLING E J, ALMOGI-LABIN A, et
al. Sea-level fluctuations during the last glacial cycle
[J]. Nature, 2003, 423, 853 —858.

KAPLIN P A, SELIVANOV A O. Lateg lacial and Hol-
ocene sea level changes in semi-enclosed seas of North
Eurasia: examples from the contrasting Black and White
Seas [J]. Palacogeography, Palaeoclimatology, Palaeo-
ecology, 2004, 209 19 -36.

LAMPE R. Lateg lacial and Holocene water-level varia-
tions along the NE German Baltic Sea coast: review and
new results [ J]. Quaternary International , 2005, 133 -
134,121 - 136.

BENTLEY M J, HODGSON D A, SMITH J A, et al.
Relative sea level curves for the South Shetland Islands
and Marguerite Bay, Antarctic Peninsula [ J]. Quater-
nary Science Reviews, 2005, 24 1203 - 1216.
WOODROFFE S A, HORTON B P. Holocene sea-level
changes in the Indo-Pacific [ J]. Journal of Asian Earth
Sciences, 2005, 25, 29 —43.

ZONG X Q, HUANG HY, YU F L, et al. The role of
sea-level rise, monsoonal discharge and the palaeo-land-
scape in the early Holocene evolution of the Pearl River
delta, southern China [ J].
views, 2012, 54(26) . 77 - 88.

REME, e, FE =, 55 WO AL B R AL
Q3 = Qu Mok (1. ¥ T o e 5 55 U 42 1 7
Jii, 1999, 19(4) . 109 - 113.

JJEE 2 SR AR I SXOT fLE WA E R UM%
IBARARRYI N [T]. 5742740, 2000, 20(3)
257 -263.

B/ Noik, A, AR N SXOT AL A RN UT i
3 JTAER P B R ARIE [T ] HbER R 2, 2003,
32(2): 146 —154.

s, BUBTIE. BRUT =AM e pa A2 B s Y
B [J]. #Ais e, 2005, 25(4) : 298 -321.
ZONG Y, HUANG G, SWITZER A D, et al. An evolu-
tionary model for the Holocene formation of the Pearl
River delta, China [ J]. The Holocene, 2009, 19(1) .
129 - 142.

YANG X Q, GRAPES R, ZHOU H Y, et al. Magnetic

properties of sediments from the Pearl River delta, South

Quaternary Science Re-

(28]

(29]

(30]

(31]

(32]

(33]

[34]

[35]

[36]

[37]

China; Paleoenvironmental implications [ J]. Science in
China Series D: Earth Sciences, 2008, 51(1): 56 —
66.

RITHTE— WG, 245 5, . BRVL = ANl 23 W e
ST AR AT ], MR, 2003, 25(2)
203 -210.

X %3%, Franz T Fisich, T 2%, %5, BRIL =4 WM
PRDOS ALY &5 73 BEA A T 2890 51 5 W 55 DO 4 ot R 055
FALS]. AHbEEAEAR, 2008, 10(3) : 313 -322.
YIM W W S. Radiocarbon dating and the reconstruction
of late Quaternary sea-level changes in Hong Kong[ J].
Quaternary International, 1999, 55. 77 - 91.

LOVLIE R, SVENDSEN J I, MANGERUD J. High-lati-
ude Holocene paleosecular variation and magneto-sirati-
graphic correlation between two lakes on Spitsber-
gen'78°N) [J]. Physics of Earth and Planetary Interi-
ors, 1991, 67 348 -361.

LUND S P. A comparison of Holocene paleomagnetic
secular variation records from North America [ J]. Jour-
nal of Geophysical Research, 1996, 101( B4) . 8007 —
8024.

SNOWBALL I, SANDGREN P. Geomagnetic field vari-
ation in northern Sweden during the Holocene quantified
from varved lake sediments and their implications for
cosmogenic nuclide production rates [ J]. The Hol-
ocene, 2002, 12(5) . 517 -530.

GUILLAUME S O, JOSEPH S S, CLAUDE H M. Hol-
ocene paleomagnetic records from the St. Lawrence Es-
tuary, eastern Canada: centennial to millennial-scale ge-
omagnetic modulation of cosmogenic isotopes [ J]. Earth
and Planetary Science Letters, 2003, 209, 113 - 130.
ALI M, ODA H, HAYASHIDA A, et al. Holocene
palaeomagnetic secular variation at Lake Biwa, central
Japan [ J]. Geophysical Journal International, 1999,
136, 218 —228.

YANG X Q, FRIEDRICH H, YANG J, et al. Paleosec-
ular variations since ~9000 yr BP as recorded by sedi-
ments from maar lake Shuangchiling, Hainan, South
China[ J]. Earth and Planetary Science Letters, 2009,
288:1-9.

HYODO M, YOSHIHARA A, KASHIWAYA K, et al.
A Late Holocene geomagnetic secular variation record
from Erhai Lake, Southwest China [ J]. Geophysical
Journal International, 1999, 136, 784 —790.



