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Supplementary Table 1: Ground surface temperature information for the Tibetan Plateau from model runs presented in this study.
	Ground Surface Temperature
	Annual
[°C]
	Min
[°C]
	Max
[°C]

	piCTRL
	-0.69
	-13.03
	7.90

	CTRL
	-5.63
	-18.08
	4.80

	Hosing
	-4.85
	-17.24
	6.31




Supplementary Figures 1-13
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[bookmark: _Hlk181017705]Supplementary Fig. 1 | Compiled speleothem ages. Individual U-Th/U-Pb ages with 95% uncertainties from published studies from Canadian, Siberian and Tibetan Plateau permafrost regions, the number below indicate the number of speleothems that grew and, in parentheses, the number of age determinations in each interglacial period(orange vertical bars). Also shown is the CO2 record of EPICA Dome C1, with interglacial Marine isotope stages (MIS) numbers below.
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[bookmark: _Hlk162792867][bookmark: _Hlk163208058][bookmark: _Hlk173518473][bookmark: OLE_LINK17]Supplementary Fig. 2 | Selection of the dates representing onset of continuous thawing during interglacial MIS 1 to MIS 11c. The panels show the distribution of Siberian (blue), Canadian (purple) and Tibetan Plateau (red) speleothem ages (±2σ) in time. The relatively large bold circle with error bars indicates the onset of continuous permafrost thawing in circumarctic (i.e. Canada and Siberia) and TP (Methods). The upper panel background is the East Asian Summer Monsoon composite records2 (orange). The grey error bars of T-IV represent a temporary growth event. Vertical bars indicate the Terminal stadials.
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[bookmark: _Hlk163300434]Supplementary Fig. 3 | Comparison of Tianmen cave records with East Asian Summer Monsoon composite records. From top to down, insolation precession3; East Asian Summer Monsoon composite δ18O records2; Tianmen cave δ18O record4, composed by six stalagmites in different colors, WMI indicates weak monsoon interval; ages with errors of Tianmen cave stalagmites; LR04 benthic δ18O stack5.
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[bookmark: _Hlk163300557]Supplementary Fig. 4 | Comparison of speleothems’ growth periods in Siberia with benthic stack δ18O record5 and Lake Baikal biogenic silica contents27. The grey error bars of T-IV represent a temporary growth event.
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[bookmark: OLE_LINK18]Supplementary Fig. 5 | Comparison of speleothem growth phase with speleothem records during T-II, also shown is the global climatic background. From top to bottom: Global benthic δ18O stack5; Atmospheric CO2 concentration1; Synthetic Greenland δ18O record6; Speleothem δ18O records of Central European7; Speleothem δ13C records of North Atlantic8; Chinese speleothem composite records2. Orange vertical bars indicate the deglacial Atlantic meridional overturning circulation (AMOC) disruptions.
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Supplementary Fig. 6 | Plots of age versus depth for stalagmites 19TM-2 (black), 19TM-3 (blue)and 19TM-5 (pink) from Tianmen cave and grow rate time series. The Tianmen speleothem δ13C record was shown in the bottom panel. Replotted from ref. (4).
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Supplementary Fig. 7 | Tibetan Plateau cave study area compared to other sites discussed in text and sites of importance.  1: Tianmen Cave site; 2-3: Okhotnichya, Botovskaya and Lenskaya Ledyanaya caves (Siberian permafrost region)9; 4-6:Caves of Northern Yukong, Nahanni and Southern Canadian Rockies (Canadian permafrost region); 7: North Greenland Ice Core Project (NGRIP)10; 8: ODP Site 983 (ref.11); 9: MD03-2665&-2664 and Site U1305; 10: Site U1304; 11: SU81-18 and MD01-2444 of Iberian Margin; 12: Northwest Iberia cave8; 13: Central European cave7. 14: SO189-39KL (off Sumatra)12; 15: ADM-159 (Andaman Sea)13; 16: SK237-GC04 (Arabian Sea)14; 17: MD85674 (off East Africa)15. Global bathymetry data are available from the GEBCO website at https://doi.org/10.5285/1c44ce99-0a0d-5f4f-e063-7086abc0ea0f (GEBCO Compilation Group, 2024).
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Supplementary Fig. 8 | Tibetan Plateau annual mean temperature anomaly in response to AMOC collapse.
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Supplementary Fig. 9 | Permafrost temperature plots for three global climate scenarios. (a) the Holocene, (b) the Last Glacial Maximum (LGM) with a glacial AMOC, and (c) during a “Heinrich Event” in the glacial setting where AMOC is collapsed.
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[bookmark: OLE_LINK19]Supplementary Fig. 10 | Comparison of South Asian hydroclimate and Indian Ocean sea surface temperature (SST) data with other records of paleoclimate. a: δ18O data of Greenland ice core NGRIP16; b: The 30°N summer insolation17; c: Asian summer monsoon strength as given by a composite Chinese cave speleothem δ18O record2; d: sea-level-corrected δ18OSW of core SO189-39KL off western Sumatra12; e: Sea surface temperature reconstruction at site SO189-39KL off western Sumatra12, f: SST reconstruction at site SK237-GC04 of Arabian Sea14, g: SST reconstruction at site ADM-159 of Andaman Sea13. h: δD data from the EPICA Dome C ice core18. i: Atmospheric CO2 record from the EPICA Dome C ice core19. Grey bars indicate the Younger Dryas (YD), and Heinrich stadials (HSs) 1 to 4 as recorded in North Atlantic deep-sea cores20.
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Supplementary Fig. 11 | Forcing, climatic records and permafrost thawing across the Holocene (left) and the Last Interglacial (LIG, right). (a) Distribution of speleothem U–Th ages (±2σ) in Canadian (purple), Siberian (blue) and Tibetan Plateau (black) caves in time (ka) and space (latitude ° N). The background is 21st June insolation as anomalies relative to their average value of the last 1000 years across latitudes. (b) Summer insolation at 30 °N (orange)17 and EASM composite records (green)2. (c, d) CH4 and CO2 records, respectively, of EPICA Dome C1,21. (e) NGRIP Greenland δ18O record10 (Holocene). Synthetic Greenland δ18O record6 (MIS 5e). (f) C. wuellerstorfi δ13C from the Eirik Drift (MD03-2665&-2664)22,23 (solid line) and IODP Site U1304 in North Atlantic24 (dashed line). (g) Sea surface temperature reconstructions from North Indian Ocean15 (based on UK’37, red) and North Atlantic (Iberian margins; based on UK’37, blue)25,26. Orange boxes indicates deglacial Herich Events.
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[bookmark: _Hlk162776432]Supplementary Fig. 12 | The ice rafted debris (IRD) abundance and carbon isotope of benthic foraminifera in the ODP Site 983. Vertical bars indicate the terminations. Replotted from ref. (11). 
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Supplementary Fig. 13 | Simulated temperatures on Tianmen Cave in Pre-industrial (piCTRL), the Last Glacial Maximum (CTRL) and the LGM hosing (Hosing) experiments. Summer warming anomaly in Hosing is evident in comparison to CTRL.
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