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Fig. 1 Location of Phet Cave and others in this study (The blue streamlines are

180

integrated mean vapor flux from surface to 300 mb in June-July-August)
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Table I **Th/U series dating results of stalagmite D008-05 from Phet Cave, Southern Thailand

230Th 230Th ﬁiﬂﬁ%

M T S VIR 238 232, 230, 232, 234 230, 238 234
gg Eﬁiﬁ 0* a0 Rt (fﬁug{zi) (?;J}‘;*i tl:L)] FIR (F) (F, R19SU) ?ﬁ%g
CRKEE) (B
D008-05-9 1 31 983+84 6 066130 3451+78 158.2+£2.3 0.039 7+£0.000 3 3 800+32 3 723432 160+£2
D008-05-1 4 26 679+263 7 053+163 2 484458 158.2+44.4 0.039 8+0.0004 3 813+44 3 735+44 160+4
D008-05-10 10 18 621+66 10 433+222 1 195+28 159.442.7 0.040 6+:0.000 4 3 886+43 3 800+44 16143
D008-05-2 21 23 685+114 4 669+138 3405+£110 159.5+£2.6 0.040 7+0.000 6 3 894458 3 817458 16143
D008-05-3 30 24 715+80 2914+61 5703119 161.7£2.4 0.040 8+0.000 2 3 895+17 3821+17 16342
D008-05-4 53 26 429+129 6 989+177 2 529475 157.942.7 0.040 6+0.000 6 3 885+64 3 807+64 16043
DO008-05-5 91 23 751+£71 24 290+492 674+14 157.442.0 0.041 8+0.000 1 4 008*16 3912424 15942
D008-05-6 97 34 097+86 1339439 17 095+£501 158.3+2.2 0.0407+0.000 2 3 900+21 3 827+21 16042
DO008-05-7 127 27 956+120 13 0424283 1 40639 156.5+2.7 0.039 8+0.0007 3 813+70 3 729+70 15843
D008-05-11 158 27 320+81 1 449466 12 7394583 155.3+1.8 0.041 0+0.000 3 3 934+31 3 861+31 15742

T AR H B F Ay = 1.551 25%107"° ™", hyy = 2,822 06107 " HilAy;, = 9.170 5x107° ", 87U = (U Ulige-1)x10° . 87U e AL TE R AT U g =
& U™, P TIMNRGE AR . “ ThAEI AL IER ™ Th/  Thll R 4.4+2.2x10°,
Note: The value of the decay constant is A,y = 1.55125 x107""", &5, = 2.82206 x10°1" and A,5, = 9.1705 x10 "L §"*U = (P*U/ U] iy -1)% 107, the correction

of §7'U initial value is based on 8" *Uyui vae =0 Uppessared v‘,luexeu””, in which T is the test result age. “Th age adjustment was based on “*Th/**Th with the initial

value of 4.4+2.2x10™°.
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Fig.2 Polished profile (upper panel) and Age model (lower
panel) of stalagmite D008-05 (The age model

was constructed based on StalAge)
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stalagmite records; yellow bars highlight the weakening period of summer monsoon)
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Hydroclimate variability in early stage of late Holocene recorded by
stalagmite from Southern Thailand

YIN Jianjun', XU Qi', SIRIPORNPIBUL Chaiporn’, SIRIPATTARAPUREENON Russarint’, WU Xia',
TANG Wei', CHENG Hai’, NING Youfeng’, QIN Zhengfeng'
( 1. Key Laboratory of Karst Dynamics, MNR&GZAR/ International Research Centre on Karst under the Auspices of UNESCO/Institute of Karst Geology,
CAGS, Guilin, Guangxi 541004, China; 2. Department of Mineral Resources,
Ministry of Natural Resources and Environment, Bangkok 10400, Thailand; 3. Institute of Global
Environmental Change, Xi’an Jiaotong University, Xi'an, Shaanxi 712000, China )

Abstract  The climate change during the transition of the middle-to-late Holocene (4.2 ka event) is linked to the
collapse of many paleo-cultures worldwide. However, it is still controversial in the following two questions, Is the 4.2
ka event global, and what is the relationship between the climate change and its societal effect? Though it is difficult to
identify the relationship, we can construct paleoclimate records from different places all over the world to identify
whether the 4.2 ka event is global. In the karst survey in 2019, we found many ancient cultural remains in caves of
Southern Thailand, and the time span of many remains covers the 4.2 ka event. However, there are relatively few
records on the 4.2 ka event with high precision and high resolution that can reveal the climate and environment in this
area. To better understand the 4.2 ka event, we choose the stalagmite record from Phet Cave in Southern Thailand to
verify the event in a tropical area.

The climate in Southern Thailand is dominated by the tropical monsoon system. The mean values of annual
temperature and precipitation are 27.1 °C and 2,390 mm, respectively. Precipitation in the rainy season from May to
November accounts for 76% of the annual value. The Phet Cave (8°23 36 "N, 98°46'26"E, 54 m a.s.l.) is a dry
underground river cave developed along the local fault, and the cave environment is relatively stable. The stalagmite
DO008-05 is a pure aragonite stalagmite with a length of about 18 cm and a diameter of 5-6 cm. To determine the age of
the stalagmite, 10 powder subsamples were collected for “*Th/U dating through the Neptune MC-ICP-MS in the
Isotope Laboratory of Xi'an Jiaotong University. We got the dating results with relatively high precision-high uranium

232,
and low

Th concentration. The age model was constructed through the StalAge. We confirm that the stalagmite grew
in the early stage of the Late Holocene, from 3,738 a B.P. to 3,906 a B.P., and the mean growth rate was 0.95 mm-a .

We drilled the 80 and 5"°C samples from the top of the stalagmite with an interval of 1 mm, and a total of 160
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samples were collected. Then we obtained an annual resolution for the high growth rate. The 5O and §"”C were
analyzed through a MAT 253 mass spectrometer equipped with a Kiel IV carbonate device at the Institute of Karst
Geology, Chinese Academy of Geological Sciences.

Previous studies suggest that the moisture source of precipitation in the rainy season of Southern Thailand is
mainly from the Bay of Bengal, and the precipitation 8'°O in this area is mainly influenced by the local convective
activity and rainfall amount. Therefore, we suggest that the stalagmite 8'°O can be used to reflect the rainfall amount in
this area. The synchronous variation of '"°0 and 8"C also suggests that both the §'°0 and §"C can be used to reflect the
hydroclimate change in Southern Thailand. The relationship between precipitation and stalagmite 3O and 3"C is
shown as follows,heavy precipitation is correlated with lower 8O in precipitation/stalagmite, and lower soil CO, §"°C,
and no prior calcite deposition (PCP) occurs in the aquifer, and thus leading to higher stalagmite §"°C, and vice versa
for low precipitation. The decreasing trend of §'°0 and §"°C of the overall stalagmite D008-05 is following the decline
of Asian summer monsoon intensity, which is dominated by the decrease of north hemispheric summer insolation in
the tropical area. Two decadal-scale drought events were identified between 3,850-3,840 a B.P. and 3,805-3,795 a B.P.
The spatial comparison result indicates that these two events happened in many places in the Asian monsoon region. In
addition, we found the hydroclimate change in Southern Thailand is dominated by the south-north movement of the
Intertropical Convergence Zone (ITCZ), and it is also influenced by the solar activities and El Nifio-Southern
Oscillation (ENSO) state in the interannual-to-decadal timescales. Strong solar activates will produce more summer
monsoon rainfall in Southern Thailand, whereas weak solar activities will induce less summer monsoon rainfall in
Southern Thailand. Different from solar activities, the relationship between the ENSO state and summer monsoon
rainfall is as follows: in the El Nifio state, the summer monsoon rainfall is suppressed, and in the La Nifa state, the
summer monsoon rainfall is enhanced.

We found that the dry trend during the 4.2 ka event had a potential effect on the paleo-culture in Southeast Asia,
which caused the change of subsistence pattern from hunting and gathering to crop cultivation and domesticating pigs.
As the decrease of precipitation and sea level, more land was outcropped near the river, seacoast, and river delta, which
provided more land for rice planting. Besides, the improvement of production tools by culture exchanges also led to
life style change in Southeast Asia.

Key words Asian summer monsoon, stalagmite, hydroclimate, early stage of late Holocene, Southern Thailand.
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