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Fig. 1 Curve of the age-depth models for five

stalagmites in Sanbao cave

(The number refers to marine isotope stages; the gray strip refers to

interglacial stage; the white strip refers to glacial stage)
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Table 1 Age-depth data of 5 stalagmites in Sanbao cave
B RE Gl REIRRZE | o WE Tl ARRDE | e WIE W AFRRE

/mm  /kaB.P. /ka /mm  /ka B.P. /ka /mm  /ka B.P. /ka
SB-12 65 425.1 1.1 209.5 564.3 59 870 612.3 5.5
71 426.2 1.1 215.5 566.0 4.7 901 614.6 52
104 4273 0.9 220.5 566.9 3.9 922 619.9 5.7
136 428.4 1.2 226.5 568.9 4.9 948 620.7 5.6
168 431.1 1.3 2345 573.9 4.6 972 623.7 5.7
187 432.0 1.0 290.5 580.9 4.8 977 623.9 6.5
194 4323 1.2 298.5 584.2 5.8 977 625.6 9.9
215 434.4 1.5 332.5 586.0 4.5 1105 630.3 6.8
234 434.8 1.1 340.5 588.3 54 1170 638.2 7.4
272 437.1 1.5 378.5 598.3 6.2 SB-58 3 426.7 1.25
299 439.6 1.0 404.5 603.0 6.7 5 4272 3.0
362 442.5 1.3 451.5 604.0 6.3 10 428.0 1.7
372.5 443.1 1.5 459.5 605.5 6.4 14 428.8 1.0
412 4447 1.2 493.5 611.6 7.1 40 4359 1.4
416 445.5 1.5 509.5 615.3 8.4 57 439.3 2.1
700 462.7 4.6 537.5 620.3 10.0 94 442.3 1.4
SB-14 0.3 299.6 3.0 545.5 621.2 6.2 116 443.0 1.2
6.2 307.3 34 572.5 622.8 6.4 182 446.5 1.3
8.5 311.3 1.0 SB-32 8 5133 2.7 265 452.4 1.3
8.8 313.1 3.6 13 514.1 3.8 316 453.6 1.4
10.2 326.9 34 20 521.6 2.8 370 455.2 1.8
12.8 331.8 3.6 27 524.8 3.4 465 459.5 1.8
13.5 334.8 0.7 43 526.6 2.9 625 464.7 1.9
19.5 356.8 1.3 50 531.0 3.8 SB-61 102 229.4 0.7
22.0 364.8 2.9 56 532.7 32 141 233.7 1.0
255 370.0 0.9 59 533.4 33 161 236.9 0.2
28.5 375.1 2.9 62 534.5 3.0 193 237.9 0.3
31.5 385.6 1.2 68 535.7 3.1 243 241.1 0.2
335 391.5 2.7 72 541.5 3.1 291 242.6 0.3
355 396.9 2.8 82 544.8 4.1 311 245.7 0.3
38.5 402.3 3.5 105 548.7 4.6 330 247.1 0.3
39.5 402.6 2.3 110 550.7 4.0 366 249.5 0.3
44.0 403.9 39 114 554.6 43 394 251.1 0.5
45.0 406.8 5.0 125 555.6 3.8 413 252.1 0.2
47.5 409.5 6.0 131 560.8 43 423 252.8 0.2
55.0 417.8 2.1 153 564.8 3.9 495 257.8 0.4
62.0 422.6 2.0 163 567.7 3.7 519 260.0 0.3
64.0 4253 44 168 569.2 44 553 317.7 0.7
69.0 4323 2.1 183 570.6 3.6 571 319.0 0.8
76.0 445.2 1.8 227 5743 34 623 323.7 0.6
81.5 462.9 33 236 575.7 3.8 742 329.2 0.8
88.5 473.0 2.4 334 577.3 4.7 847 3332 1.0
91.0 478.9 7.8 384 579.8 4.0 960 336.3 0.7
94.5 483.7 4.5 442 580.6 4.0 1023 338.9 0.6
99.5 509.5 7.3 449 582.8 4.5 1055 341.8 1.0
109.0 531.8 6.2 495 589.3 5.0 1143 350.4 0.9
112.5 532.9 7.0 501 590.9 4.2 1167 351.9 1.0
118.5 542.9 5.6 541 593.6 5.1 1178 354.0 0.8
122.5 548.7 4.3 547 597.4 5.0 1291 366.0 1.0
136.5 551.0 44 612 598.5 54 1313 369.5 1.0
143.5 554.3 4.2 665 605.1 5.6 1334 372.6 1.2
157.5 556.0 4.2 705 606.3 52 1361 375.0 0.9
162.5 556.3 4.5 712 607.0 4.5 1 400 378.8 1.1
168.5 558.8 3.5 744 607.5 5.1 1450 383.1 1.3
177.5 561.0 3.8 784 609.4 6.6 1452 384.2 1.4

187.5 561.5 5.4 785 610.1 8.9

T SRR B SR

Note: *Age value is from literature!”.

(10,



Fa2k H3W

s 2 64 JARE IR IAL = S A A R AT A K H T S 7 S 585

e
K
&

_ 600 =
‘s 500
g 400 8
=300 °
¥ 200 {2
# 1004
W a
H 50 ° - T
= 7 o om o Fcs — i
B ok G | O O 0 BT ... slecketesssac,
250 300 350 400 450 500 550 600 650
41 /ka.B.P.
E2 3% 64 AFE=ERAFLHEKEERE
Z5 DB R A SR [7]
Fig. 2 Average growth rates of stalagmites in Sanbao cave over the past 640 ka B.P.
Hollow ring data is from literature[7]
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Variation of stalagmite growth rate and its paleoclimatic significance in
Sanbao cave, Hubei Province over the past 640,000 years

JIANG Ying'?, WEI Wei', FENG Xiaoyi', ZHANG Han', ZHU He', DONG Jinguo'
(1. College of Geography Science, Nantong University, Nantong, Jiangsu 226006, China; 2. College of Geography Science,
Nanjing Normal University, Nanjing, Jiangsu 210023, China )

Abstract  In the past few decades, great progress has been made in the study of stalagmite paleoclimate. Compared
with the geochemical indicators such as stalagmite 8'°0, the average growth rate of stalagmite is a physical indicator,
which can directly reflect the wet and dry changes of the external climate, and is one of the important means to
reconstruct the past regional hydrological changes.

Sanbao cave (31°40'N, 110°27'E), the study area, is located in Shennongjia National Nature Reserve, Hubei
Province, on the north bank of the Three Gorges of the Yangtze River and adjacent to the southern edge of the Loess


https://doi.org/10.1016/j.earscirev.2005.08.003
https://doi.org/10.1360/N072021-0360
https://doi.org/10.1360/N072021-0360
https://doi.org/10.1360/N072021-0360

Bt H3 oA 1 E 64 ALK = 5 A A A R AR AR Al R O AR X 589

Plateau. Mainly affected by the East Asian summer monsoon, the average annual temperature in this area is 8-9°C with
the annual precipitation of 2,000 mm. In summer, warm and humid air from the equatorial ocean enters the hinterland
of the mainland, bringing about 60% of the annual precipitation. In winter, the dry and cold air from Siberia controls
the climate in Shennongjia area, so it is particularly sensitive to the seasonal advance and retreat of East Asian summer
monsoon. Sanbao cave, 1,900 m above sea level, is located on the northern slope of Shennongjia Mountain in Hubei
Province, covered with limestone layer about 300 m thick. The thickness of the surface layer is about 2-3 m, mainly
distributed with trees, shrubs and weeds. The research objects are five stalagmites (numbered SB12, SB14, SB32,
SB58 and SB61) from Sanbao Cave, with a cumulative height of about 2.991 m, of which SB61 was deposited in 229.4-
384 ka B.P., corresponding to MIS8-MIS10; SB14 grew and developed from 299.6-622.8 ka B.P., spanning from
MIS9 to MIS15; SB12 and SB58 were respectively deposited at 425.1-462.7 ka B.P. and 426.7-464.7 ka B.P.,
corresponding to MIS12; SB32 grew from 514.3-638.2 ka B.P., and spanned from MIS13 to MIS15. 167 **Th age data
of these five stalagmites was obtained by the analytical instruments of Thermo-Finnigan Element and Thermo-
Finnigan Neptune in Minnesota Isotope Laboratory, the USA. The age analysis error was 26 measurement statistical
error with the error accuracy of 0.5-2.0 ka. For the calculation of average growth rates of stalagmites, firstly, the data
of stalagmite age reversal in stratigraphy has been excluded. Then, the curve of the measured age point of stalagmite
and its corresponding growth depth has been established. The new results are basically consistent with the growth rate
curve in the original literature. Finally, the average growth rates of stalagmites have been obtained by dividing the
depth difference between two adjacent points by the measured age difference.

Based on 167 °Th age data from 5 stalagmites spanning 220,000 to 640,000 years in Sanbao cave, and combined
with the past work, this paper has reconstructed the precipitation change process of East Asian summer monsoon
(EASM) in the middle and lower reaches of the Yangtze River over the past 640,000 years in the late Pleistocene. The
results show that the growth rates of stalagmites in Marine Isotope Stages (MIS) 1, 5.3, 5.5, 7.3, 7.5, 9, 15.1, 15.5
increased significantly, indicating that the intensity of EASM increased significantly with more precipitation in the
interglacial stage. On the contrary, the slow or undeveloped growth rates in the glacial stage indicate the weakening of
the summer monsoon intensity with less precipitation. Based on statistical analysis of the growth rates of 22
stalagmites, we hold that the average growth rate index cannot quantitatively indicate the change of the monsoon
intensity. Moreover, when the stalagmite growth rate is less than 10 pm-a ', it also cannot effectively indicate the
glacial-interglacial change. On the orbital scale, the glacial-interglacial fluctuation revealed by the average growth rate
may be attributed to the joint action of global ice and solar radiation.

Finally, it should be noted that in different time scales, the controlling factors of stalagmite growth rate are
complicated, and the noise generated by the environment difference inside the cave may cover up or weaken the
transmission of the climate signal from the outside to the inside. Therefore, the possible influencing factors must be

carefully considered when we reconstruct the paleoenvironment by using the average growth rates of stalagmites.

Key words stalagmite, growth rate, glacial-interglacial period, East Asian summer monsoon, Sanbao cave, Hubei
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