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Abstract; The Tianyang Maar Lake is situated in the southeastern Leizhou Peninsula, the transitional
climate zone between tropical and subtropical region of China. In this paper, a study was carried out on
the upper 40 meters of core TYC collected from the Tianyang Maar Lake. The results suggest that magnet-
ic susceptibility (MS) correlates well with pollen records. Thus, variations of MS can be used as an indi-
cator for climate and environmental changes in the Tianyang Maar Lake. Generally, a low MS indicates a
warm and humid environmental condition, while a high MS suggests a cold or cool environment. Results
of the MS analysis suggest that the environmental history of the Tianyang Maar lake area since the Middle
Pleistocene can be divided into 9 stages: 346 ~301.4 ka BP, the climate was relatively warm and hu-
mid. 301.4 ~248. 8 ka BP, the climate became relatively cool and dry. 248. 8 ~188. 8 ka BP, the cli-
mate was warm and humid. 188. 8 ~125.2 ka BP, it was cold and dry. 125.2 ~69. 3 ka BP, the cli-
mate was relatively warm and humid. 69.3 ~40. 43 ka BP, the climate was cool. 40.43 ~25.5 ka BP,
the climate was cool and the temperature was lower than the former stage, with a swamping transitional
environment in Tianyang Maar Lake. 25.5 ~ 10.8 ka BP, the climate got even colder and drier, the
water of Tianyang Maar Lake almost dried up. During the last 10. 8 ka BP, the existence of human activi-
ties has probably resulted in high MS values.

Key words: Maar lake; the middle Pleistocene; magnetic susceptibility; pollen; tropical South China

« WFSEHR: 2011 —09 — 14
BEL£WE: BRARBFEEETHIE (41072128) ; H LR IEARBIIL 55 2 T4 ST B H  (101g2d08)
1EER/AN: i (1982 4E4:) , B, W5t ; @iRMEE.: AHE; E-mail: eeszzhuo@ mail. sysu. edu. cn



122 Pl R (A SARL2ERR)

051 %

W% ARSI AR A, HESr B 4R
A EREE SR bR, B A, IR
T, CACH HBA VRGN, 7m0 B i 4
BRASERFSE D, WHbPGE, TR7CH %, Rl b A
WFEETUR) — 1 LR e FEAS R, X H, 5
IR i I B —Fh 2R HIR AR A 5%
PEARSMEIR O 07 A SR B, R 244
WA, W s L b E,
WA, T LSRR B IR S B, X
SEYN T 28 A Bk A AR A (LT R A T 3L

TEA ST T, SRR LR R
15 HERBDIRGLA BRI bR, B8RRI
RIS . Wb WA WA . XA
R AL A M, T PR R AR T2 Y
R ER d T WA TR R AL R AE N L
(S 2P S WA R BB I R L AR
2B A R R T A R S X R A R e A
g O AR M 2K R I LT
T REACZTE IR AR IR AR, X A 7
St

FEL 35 000 457 T 3 [0 2 Bl X 2 M o 19 R 7
W, HiESE 220 £ m JE 55 MU R U ST A
FE VR DX 0% ol PR AR T R BT S
Fho BT R W TS, EE R AR
N /11751 eI ¥ v N 1271 €
H A Y R SRBIFST R A EUK IR i  9) f H
WA W AR T RO, AT, T 20
42 80 — 90 AR AR Y BF 5% 25 S T AE AR A I+,
ST 53 PG B R AR, A5 B X 138
R TURITT A PR, (A5 1% X AT
WFFER N 6L, 2008 4F, A3 - U T P 3 1 3
PEAT T 4GRIURE , 01 AT 36 40 m b AT
Sy BRSO R SC LR B A
filh, WILREALRNT, SRR, Wih%X
ST AR A SRFRBEG AR, gy L % v A
H X A BRAS BT S BBEHT B B 5 1A

2 WFSEIXAR DL

FH A B T T [ 2R 48 T M P B 1 R R
e B ALK PR (20°31.194'N, 110°18. 052’
E), BUE— RPN, fHh i SE-NW [q]
i, Vi LEMEDE, K294 100 m, 55253 100
m, AL 8. 11 km?, PUJE A KLl & P A 11K
-5 M BT, RS S T Ll A R

. BERCEARL, &S A D R I D it
AP, IR KA L WA 90 m, [t
I Pl L AR 250 m DUF . % ORGSR
fi, FEZIRWFNE . RIEFREET, BB
A U R AR 2R R BE Y g 2R 8T
APEAANE - 52l 2 22 AT AS , 0 XN A
W FEK . BE . SRR A AR XA
R, AT, AP 2
23.3C, 7 AY¥YE N 29 ~38C, 1 A ¥R 14 ~
18°C, HMRIEIEID# N 3.8°C, HA FIHE™ .
AEREMI L 1 500 ~ 1 700 mm Z ], 4EZE KR 1
700 ~1 800 mm Z[a], WiZ= (5-10 A) H24ER
KA 89% , THRFEIIM, H4FE6 -9 A B NZE
T, ZEBEW BN, H kKRN 231.9
mm'* P 2 5 R B A R AR
TEEMARAE R AR, BUR AR . AKX
UL TR 3, Hal PEA N 21 S =R AR
TER L b, PRBEE RABPRBRISHY 0. 1=
HEORM IR R T, T —282E [ AR
MAE B A Fh . Ficus, Ficus.

toxicaria, Syzygium hancei, Elaeocarpus japonicus,

altissima, Antiaris

Artocarpus tonkinensis, Antidesma bunius, Endosper-

. Sc[24-25
mum chinense 2" 1,

3 MRS T

2008 4F- 1 H A Ll R 2 R B AR AR R A B
FEMIG (1B 1) 5801 120 m AR BUE T AR (TYC
L), IR A S IEAT T ORI BUS R
Ik 98. 7% , BEAEEPEAEN: 0~6.94 m T
WEkiL; 6.94 ~8 m: REKL, HREHYHE
J&; 8~19 m: FKEOAM L, &G KA,
FAEYIREIE ; 19 ~31 m: KREOR L, SHB O K
ek, LKA EHYIFEE; 31 ~42 m: KGR
+, SAEMYEEE; 42 ~120 m: FIKEER L,
RIS A 4R {0, AR SCHIFFE R G0 8 B 40 m,
BEACARKERL TR AIRR 5 om HURE, SRIGHEA 8 mL
FeRENESLIT IR I B G, TRSE, FRE, 4R
WOREAL A RE L 746 A0 25, 1E] IR A Ak 52 5
M BE 5 AGICO 2> w4 77 1 & 51 K i B
(MFK1) A3 AR DTURR W i 1 47 A0 I i 1
R 5 s R AR . O T AR S
e AR AR A 3 U, SRR
P e R R



#
=

Wy e TR F LI rp ST i LIRS AL R AE B BRI R 123

110°10'E 110°20'E

109°40'E  109°50'E

110°0'E

20°50'N

20°30'N  20°40'N

20°20'N

110°30°E 110.28°E  110.29°E  110.3°E

110.31°E

~Juncun
()
70

Niug:tang AR
709

No€$'0T

-3

Tianyang ©
[}

TYC  Zhangchou
n
)

NoS'0T NolS0T NoCS'0T

A%, o0

Longmen
{

100
72, 110

K2
T

1 EHPEESFEET TYC Lt R ]
Fig. 1 Location of core TYC in the Tianyang Maar Lake
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Table 1 ~ Chronology date for the profile of core

TYC in Tianyang maar lake

W W AWS VOl R
om gy A5 15 “BP

SRt

SUERC30578 116 5J§  4C AMS 11538 £49 13440 80
SUERC30579 268  #%J%  !4C AMS 23 962 +189 28 860 +380

(726653 587 MBS 4C AMS 27 670 £+116 32 180 +160
BETA281924 692  #J§  14C AMS 29 180 £140 33 640 +280
SUERC30580 693  #%J%  14C AMS 31470 £482 35 400 +490
GZ2666 -5 746 EBAAAJEA 14C AMS 35 148 £136 40 250 +850

> 43 500 -

129 000 +19 000
132 000 £20 000
176 000 +21 000

BETA281925 1310 ##i%JE “C AMS
TYCO17Q 1630 #ikyEs  OSL -
TYCO17F 1630 #Zufib  OSL -
TYC023Q 2250 #ifyEy  OSL -

0 SPECMAP TYCALAALER
20 [ 20
40 40
60 - 60
80 — 80
100 — 100
120 — 120
o 1407 —140
@ 160 160 =
g 1 r =
< 180 —180
& 200 200 &
220 - 220
240+ — 240
260 - 260
280 - 280
300 300
320 320
340 340
T | T | T | T [ 1 | T l T | T I T I T

2 1 0 -1 -2 0 20 40 60 80 100
3'80/(%o) RAAC & 151%
K2 HVE TYC AL AR 40 m ARAKI LR & fE 5
SPECMAP &[] {3 2 i 44 ALl 45 1]
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Fig. 3 Comparison of magnetic susceptibility, trees, herbs and ferns plant pollen of the core TYC in Tianyang Maar lake, the sea

surface temperature of the South China sea, the Relative sea-level height of Global and the trees from Teneghi Philippon, Greece

(Percentage of pollen is calculated on the pollen sum excluding the fern spore, but the percentage of spores are based on sum of

total pollen and spores)



126 Pl R (A SARL2ERR)

051 %

Thise i IR TR, SRR EocE
AT R, ARAR, EHE. 8. B
s BUEARAKEY) S AR, LIARE . AR
M, N RE AT AR T PG B AR, 5
BB, SRS T

40.43 ~25.5 kaBP., R R 2 KRR LY
BA T, 29823 C* ) RGP T EE
29— 100 m"*" (A 30 e 2 X AR AR AR RS
7, ARAT R EHBAR o LB W i
IS AR 1] TV et B I B 7S R S0 3 3 3
RS AT, Pt —2y K, ARG E
BB, ARG, MRS R
- R AR, AR . BN E . BRI
WIE . AR, MIEMEKEE D, HE%Am,
AN AL BT L, DOR 325 R S R U
J A, BUE Y B REALR AT A

25.5~10.8 kaBP, MEIFEA T, w7
THT 6 J2 /K IR R 8 B IR 22. 21 €1, ki oF- i
TFRERAGE - 120 m™ | FH )5 30— AN s T
(it fE . WIIADTRW i ekt £, S b ok
FAWERII PR, WA SAKHY) & &
B, SR AR R — DY K, MR
FORAM . R TARAESER T, AT, WAt
OS2 IR R LT I B APIRA, Bk
F— IR E BT B

10. 8 ~0 kaBP, fy T /5 B AR T 30 13 ol i
ARk, LIRS N E R AE R ok RE .
L AIERFERE R, R R T2 e AR
0D A SR TR o= v e NS Ry
AR ARFE PR AR

ST

TORA R AL SR 08 ) S AR B2 th REYE R 1Y
P& Er ARG UL /N o ki AR AR
P eNZA e, Wik, Bhsn . DUEIAREE SR
Rl L, BV iR S e B
MAEYNRE MU —Er, 6 A0E. HEw.
K7 K BRI 2= S 0ERE, IR RE AL ST 1 R S R
BAREI A R A

WA, ISR R R Sk
RAFRIXRT R R, HSRAR R R #ifb3
PIRAE 5 EBERXT N, FRKAX 2 s #EALR I
PR BN 5 S FE VS sl TR IR X N, B KSR B/
PEA2 35 ARk, PR B L A IR B AL &
T 9NN BB EE: 346 ~301. 4 kaBP, {540 Xt

BB, MEakEh i, 301.4 ~248.8 kaBP, S f#
FEV T, BEKAH X8 /b, 248.8 ~ 188.8 kaBP,
A K R BE KT, A K A X3 . 188.8 ~ 125.2
kaBP, SfEFEA T, 125.2 ~69. 3 kaBP, S f5is
HIBENE ., 69.3 ~40.43 kaBP, S AEfwpE, 40.43 ~
25.5 kaBP, S it (0L b B B B A, e
FO I S 0 VR R VE B B, 25.5 ~ 10. 8 kaBP,
SARIES T, AR T AUk T L, 10.8
kaBP DIk, F 5 3N 280 3l ok 39 30 ) ki
HEAL R ME AT T 5

S E Lk

(1] XUARA:, XU, B, 5. FHIW) e o Bl 2R
SEWRFER R RE D], SIS, 1998 (4) 289 -
296.

(2] FE3GE, s E. SIS £k B s l].
HERBLZEDERE, 2000, 15(5) : 604 —608.

[3] LARRASOANA J C, ROBERTS A P, ROHLING E J.
Magnetic susceptibility of eastern Mediterranean marine
sediments as a proxy for Saharan dust supply [ J]. Marine
Geology, 2008, 254 224 —229.

[4] BLAHA U, APPEL E, STANJEK H. Determination of
anthropogenic boundary depth in industrially polluted soil
and semi-quantification of heavy metal loads using mag-
netic susceptibility [J]. Environmental Pollution, 2008,
156(2) : 278 —289.

[5] YIM W W-S, HUANG G, CHAN L S. Magnetic suscep-
tibility study of Late Quaternary inner continental shelf
sediments in the Hong Kong SAR, China [J]. Quaterna-
ry International, 2004, 117 41 -54.

[6] MARK W, HOUNSLOW M W, MATHER B A. Source
of the climate signal recorded by magnetic susceptibility
variations in Indian Ocean sediments[ J]. Journal of Geo-
physical Research, 1999, 104 . 5047 —5061.

(7] @B, PRk, BUSC, . PUF PR B X oo I
FUIREALSEIE SR YD Al Heinrich 21 )], #}4
W4z, 2003, 48(5) : 491 —495.

[8] M/hai, Zetetly, JEK &, w9l ik NS93 -5 fLUTHR
PG FR AR S BRI IE 3 [T ] i
WP S 4 R, 2002, 22(1) : 31 -36.

(91 B9, A2k, wiinis. p sl IR UL A g 1k
FAFAELT]. Bhezidf, 2001, 46(Suppl) : 34 -39.
[10] fwerid, £, HEEHE. mlEdL R UTRR R L 5exT
AR AL R R [T ] P TR, 1996, 15

(3):1-5.

[11] LIUJ, ZHU R, ROBERTS A P, et al. High-resolution
analysis of early diagenetic effects on magnetic minerals
in post-middle-Holocene continental shelf sediments
from the Korea Strait [ J]. Journal of Geophysical Re-
search, 2004, 109: B03103.



553 1 S A B IR o B T DR R Ak R AR B IR 2 X 127
[12] ZHENG Y, KISSEL C, ZHENG H B, et al. Sedimenta- tion. The CalPal Program[ C] //Higham T et al. Radio-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

tion on the inner shelf of the East China Sea: magnetic
properties, diagenesis and paleoclimate implications
[J]. Marine Geology, 2010, 268 . 34 —42.

WKAE, RHFE. BREREA DT BUR R[], 3
ERYPHEAIERE | 1996, 11(4) : 87 - 99.

MBI, RFEY, RHAE, 55, BRPESCHE 40 e
- MY REAL S CBD WF5E ()], HuER Y B F 4,
2000, 43(4) . 505 -514.

£H1E, BEAR, TIa4E. SRR IE 5 g
FEHEE[)]. HbERZEHE, 2004, 25(3) : 357 - 362.
H5F 2, TIRR, APPEL E, %5, WR{RMIWIA U
AR AR B PR BT R AL [T ] P E L2 D 4,
1998, 28(4) : 334 -339.

AR, AR, RIS, S UtUIR R RE VA
fE S R [T ], #WIAAE, 2004, 16(3) : 227
—-232.

KR, BRIk, ZKIE, . SERAREHERTTER
W) CHO310 8 L T AR 1l A 38 S L5 wig DA 3% 70 M
[J]. ViREH, 2010, 28(4) : 790 - 797.

WREAT. BN 5 FE K L 80 2l M 3t J2 24 i F 50
[J]. MV 555 MU0 b, 1988, 8(1): 73 - 85.
WREA™, Bk, T AR B L F ) A e 28 DU 28 9E
PURFIE S RS A8 A [ T]. T M T 5 265 U 42 b )it
1989(1) : 75 - 84.

AH:, UHERE, BRE. T 5 FH A BT
DUBUIESS S RS [T ], # s B gh 24, 2006,
22(7): 26 -29.

M, E3CE. AR I TY-2 fLEKE
D HARIRTRIT [ T]. SR PO2LRTSE ,2003, 23(2) - 1.
PR, kM40, A BE. WHL I I S
WAL[J]. U ARHLST, 2002,17(1) 12 - 18.

K, GUIOT JOEL. K[ #Ai Hi X 40 J7 4R Lok <
R E B E [T]. Il Koz 4 A RBEHE R,
1999, 38(6) : 94 - 98.

ZHENG Z, LEI Z. A 400,000 year record of vegetation-
al and climatic changes from a volcanic basin, Leizhou
(1]
Palaeoclimatology, Palaeoecology, 1999, 144. 339 -
362.

FEWES. A R O i b DX FH B L 24 T AR LK
R AEAL SR AR [ D . AL 5T i E B2 B F 5T
H B ,2003

X 3EML, NEGENDANK J F W, F3Cit, 4. i [Eig
T B I 25 3 AT 5 M BURRAE (], 5 U 22 BT 5T
2000, 20(1) : 78 - 86.

EinE. FEAEFEE[M]. J6o: Bl O R
#1,1993.

WRfRA=, BMUZ, MOSAR, 6. 2R B LA Y
e[ M. b S S R, 1990.

WENINGER B, JORIS O. Glacial radiocarbon calibra-

Peninsula, southern China Palaeogeography,

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

carbon and Archaeology. Fourth International Symposi-
um, Oxford, 2002, 2004.

MARTINSON D, PISIAS N, HAYS J D. Age dating and
orbital theory of the ice ages: Development of a high res-
olution 0 ~300,000 years chronostratigraphy[J]. Qua-
ternary Research, 1987,27. 1 —29.

DEARING J A. Changing patterns of sediment accumu-
lation in a small lake in Scania, southern Sweden [ J].
Hydrobiologia, 1983, 103 59 - 64.

WILLIAMSON D, JELINOWSKA A, KISSEL C, et al.

Mineral-magnetic proxies of erosion/oxidation cycles in
tropical maar-lake sediments ( Lake Tritrivakely, Mada-
gascar) ; paleoenvironmental implications [ J ]. FEarth
and Planetary Science Letters, 1998, 155 205 -219.
SNOWBALL I, ZILLEN L, SANDGREN P. Bacterial
magnetite in Swedish varved lake-sediments: a potential
bio-marker of environmental change [ J]. Quaternary.
International , 2002, 88; 13 —19.

SNOWBALL I F. Bacterial magnetite and the magnetic
properties of sediments in a Swedish lake[ J]. Earth and
Planetary Science Letters, 1994, 126 129 —142.
BEE, FBEL, W/ INoR. R B OO I I 4t 1k
FRRHIEELLT]. el b3, 2006, 26(3) : 211
-217.

SRIBAR, WA, TET. )T ARE LD A B A i
WAl R A AR AR B BRI 38 [T ] A b
2011, 31(4): 346 -352.
XFEH, XUAE, HELLER F, 2. 8 R RE RS
WA R [T ] BT, 1990(1) 42 -
49.
YANG S X, ZHENG Z, ZONG Y Q, et al. A 350 ka
pollen record from Lake Tianyang, south China: palae-
omonsoon and vegetation variability[ R][s. n. ],2012.
LANG N, WOLFF E W. Interglacial and glacial varia-
bility from the last 800 ka in marine, ice and terrestrial
archives [ J]. Climate of the Past, 2011, 7. 361 -
380.
RICHARD B, RODERIK S W, JOHANNES O. Mod-
elled atmospheric temperatures and global sea levels over
the past million years [ J]. Nature, 2005, 437; 125 -
128.
TZEDAKIS P C, HOOGHIEMSTRA H, AND PALIKE
H. The last 1. 35 million years at Tenaghi Philippon:
revised chronostratigraphy and long-term vegetation
trends [ J]. Quaternary Science Reviews, 2006, 25
3416 - 3430.

B, JRIVR . TG R L R AE W B A A R
e {7 R AR R, 1993, 12(1) 18
-22.



