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Figure S1. Comparison between speleothem BH-2 δ18O and other records during 9.0–7.9 ka BP. The black dots 

in the world map represent the proxy locations mentioned in our main text. (a) δ18Oostracods record from Mondsee, 

Austria (Andersen et al., 2017). (b) Composite δ18O record from Greenland ice core (Thomas et al., 2007). (c) δ18O 

records (blue: K1, yellow: K3) from Katerloch cave, Austria (Boch et al., 2009). (d) δ18O record of speleothem LV5 



 

 

from Kaite cave, Spain (Domínguez-Villar et al., 2009). (e) Speleothem δ18O record from White Moon cave, California, 

America (Oster et al., 2017). (f) Bulk Titanium content of Cariaco Basin sediments from ODP Site 1002 (Huag et al., 

2002). (g) Speleothem δ18O record from Hoti cave, Oman (Cheng et al., 2009). (h) High-resolution δ18O record from 

Qunf cave, Oman (Fleitmann et al., 2003; Cheng et al., 2009) based on more precise 230Th dating results (Cheng et al., 

2009). (i–n) Asian monsoon speleothem δ18O records from Heshang cave (Liu et al., 2013; Hu et al., 2008), Qingtian 

cave (Liu et al., 2015), Lianhua cave (Dong et al., 2018), Kulishu cave (Duan W et al., 2021), Wuya cave (Tan et al., 

2020), and Huangyuan cave (this study). The horizontal blue and purple dashed lines in the Huangyuan cave record 

represent its mean and ±1σ values, respectively. (o) Speleothem δ18O record from Lapa Grande cave, Brazil (Stríkis 

et al., 2011). (p) Speleothem δ18O record from TDM cave, Northern Laos (Wood et al., 2023).The speleothem δ18O 

scales in c, d, and o are inverse to other speleothem records.  

  



 
Figure S2. Estimation of age model. Subpanels (a) and (b) are reconstructed distance-chronology relationships 

using OxCal (Ramsey et al., 2008) and StalAge (Scholz and Hoffmann, 2011) algorithm, respectively. The blue and 

green shadings represent 95 % confidence interval. Error bars on 230Th dates represent 2σ analytical errors. The red 

dates indicate the published results in Duan et al. (2023). The horizontal blue bar marks the range with layer 

counting. As can be seen, some U-Th dates are out of the confidence interval of modelled chronology in the OxCal 

results, which phenomenon doesn’t occur in the StalAge model. This could suggest that the StalAge algorithm could 

be more reasonable for this study.  (c–e) are established growth rate records using OxCal age model, U-Th dates and 

StalAge age model. The growth rate record using StalAge model is more consistent with the result directly based on 

U-Th dates, and more variable relative to the OxCal result which is rather smoothed. To sum up, we adopt the 

StalAge age model to reconstruct the chronology of speleothem BH-2. (f) marks the difference of δ18O records using 

OxCal and StalAge reconstructed chronology. The offset of two records mainly occurs before 8.32 ka BP and almost 

disappears afterward. 

  



 

 

 

Figure S3. Replication of trace element ratios measurement and 30-year loess filtered z-scored results. (A) 

Replication test of two-time measurements for trace element ratios. As can be seen, despite the discrepancy of absolute 

values, the two-time results are broadly consistent, suggesting the robustness of LIBS technique. (B) Ba/Ca, Mg/Ca, 

Sr/Ca, and their leading PC1 records. The mean value of the PC1 record is indicated by the horizontal black line. The 

vertical yellow bars in the right subpanel mark the anomalously positive episodes and the light blue bar indicates the 

subsequent δ18O overshoot after the 8.2 ka event same as the Figure 2. 

  



 

 

Figure S4. Replication test. ISCAM age model was used to reconstruct speleothems BH-2 (orange) and KLS12 

(green) (Duan W et al., 2021) chronologies and δ18O records. The correlation coefficient (r) between them is 0.62 at 

99 % confidence level in their contemporary growth period. The 230Th dates with 2σ analytical errors (green for KLS12 

and black for BH-2) are presented for each speleothem record. 

  



 

 

Table S1. 230Th dating results for the BH-2. The error is at 2σ level. 

Sample 
depth (mm) 

238U 232Th 230Th / 232Th δ234U* 230Th / 238U 230Th Age (yr) 230Th Age (yr BP)*** δ234UInitial** 

Number (ppb) (ppt) (atomic x10-6) (measured) (activity) (uncorrected) (corrected) (corrected) 

BH-2-1(1) 4 111.7 ±0.1 373 ±8 544 ±12 537.0 ±2.4 0.1102 ±0.0010 8080 ±75 7956 ±87 549 ±2 

BH-2-T 7 90.6 ±0.1 322 ±6 513 ±11 531.0 ±1.8 0.1105 ±0.0006 8134 ±43 8008 ±64 543 ±2 

BH-2-2 13 110.9 ±0.2 103 ±3 1970 ±60 542.7 ±3.1 0.1113 ±0.0012 8130 ±38 8050±41 555 ±3 

BH-2-2(1) 18 114.2 ±0.1 164 ±3 1293 ±30 535.1 ±2.9 0.1128 ±0.0009 8158 ±65 8070 ±66 548 ±3 

BH-2-3 24 125.1 ±0.1 117 ±3 1961 ±59 535.9 ±2.0 0.1113 ±0.0006 8160 ±45 8080 ±89 549 ±2 

BH-2-3a 26 103.6 ±0.2 86 ±2 2210 ±49 530.8 ±2.1 0.1112 ±0.0006 8181 ±44 8103 ±46 543 ±2 

BH-2-4 31 122.4±0.2 54 ±2 4158 ±92 527.2 ±2.5 0.1118 ±0.0006 8234 ±44 8154 ±45 540 ±3 

BH-2-4a 34 121.8 ±0.2 90 ±2 2492 ±55 523.4 ±2.2 0.1123 ±0.0005 8315 ±41 8239 ±42 536 ±2 

BH-2-4b 36 99.2 ±0.1 225 ±13 828 ±49 528.3 ±2.2 0.1138 ±0.0014 8400 ±98 8264 ±102 541 ±2 

BH-2-5 38 102.4 ±0.1 213 ±4 905 ±19 527.1 ±2.5 0.1142 ±0.0006 8416 ±47 8315 ±55 540 ±3 

BH-2-6 45 111.8 ±0.2 290 ±6 735.8±16 534.7 ±2.6 0.1159 ±0.0005 8503 ±57 8391 ±59 548 ±2 

BH-2-7 48 121.8 ±0.2 57 ±2 3220 ±70 539.4 ±2.0 0.1166 ±0.0011 8513 ±88 8442 ±48 554 ±3 

BH-7a 58 134.5 ±0.2 61 ±1 4272 ±94 538.1 ±1.9 0.1170 ±0.0004 8589 ±32 8519 ±33 551 ±2 

BH-2-8 70 140.8 ±0.2 357 ±7 765 ±16 536.6 ±2.8 0.1177 ±0.0006 8651 ±46 8542 ±57 550 ±3 

BH-2-9 86 128.7 ±0.2 85 ±2 2942 ±70 533.4 ±2.3 0.1177 ±0.0007 8668 ±52 8594 ±53 547 ±2 

BH-9a 96 117.5 ±0.2 82 ±2 2781 ±61 533.0 ±2.1 0.1181 ±0.0005 8705 ±39 8630 ±40 546 ±2 

BH-2-10 111 135.9 ±0.2 66 ±2 4031 ±101 529.5 ±2.6 0.1186 ±0.0006 8765 ±51 8693 ±51 543 ±3 

BH-2-11 127 151.4 ±0.2 95 ±2 3109 ±70 525.3 ±2.0 0.1189 ±0.0006 8808 ±45 8734 ±46 538 ±2 

BH-2-11a 137 139.7 ±0.2 97 ±2 2863 ±63 532.9 ±2.2 0.1209 ±0.0005 8921 ±40 8846 ±41 546 ±2 

BH-2-12 149 137.2 ±0.2 74 ±2 3657 ±89 522.4 ±2.6 0.1199 ±0.0006 8907 ±52 8835 ±52 536 ±3 

BH-2-13 164 151.0 ±0.2 178 ±4 1696 ±37 531.5 ±2.4 0.1212 ±0.0007 8950 ±53 8866 ±55 545 ±2 

BH-2-14 167 138.9 ±0.2 120 ±3 2345 ±63 537.8 ±2.8 0.1229 ±0.0011 9039 ±84 8960 ±85 552 ±3 

      U decay constants: λ238 = 1.55125x10-10 and λ234 = 2.82206x10-6. Th decay constant: λ230 = 9.1705x10-6. 

     *λ234U = ([234U/238U] activity – 1) x 1000. **δ234Uinitial was calculated based on 230Th age (T), i.e., λ234Uinitial =λ234Umeasured x eλ234xT. 

    Corrected 230Th ages assume the initial 230Th/232Th atomic ratio of 4.4 ±2.2 x10-6. Those are the values for a material at secular 

    equilibrium, with the bulk earth 232Th/238U value of 3.8. The errors are arbitrarily assumed to be 50 %. 

    ***B.P. stands for “Before Present” where the “Present” is defined as the year 1950 A.D.. 
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