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Supplementary Information 

 

Table S1: Further information of speleothem entities that were not analysed as a part of the main manuscript since they only partially cover Terminations or have lower 

resolution or U-Th dates with larger errors than the records used in the main manuscript. Cave site locations are plotted in Fig. S1 and time series plots are in Fig. S2. Some 

data from the main manuscript are included in the table and plots to enable comparison.  

 

region site name latitude longitude elev. (m) entity name age model citation primary interpretation secondary interpretation comments 

South 

Europe Corchia 43.9833 10.2167 840 CC-5_2018 

SISAL-

Bchron 

Tzedakis et al., 

2018  
rainfall amount source water composition  

     CC-1_2018 SISAL-copRa 

Tzedakis et al., 

2017  
rainfall amount source water composition  

 Soreq  31.7558 35.0226 400 
Soreq_composite 
(green) 

author-linear 
between dates 

Bar-Matthews et 
al., 2003 rainfall amount source water composition composite includes stalactites;  

 Jerusalem West 31.7833 35.15 700 AF12 (blue) 

author-

polynomial fit 

Frumkin et al., 

1999 source water composition 

change in moisture transport 

trajectory and linked 

seasonality 

age reversals beyond 100k; calcite 

precipitation T and ice volume source 

composition 

 La Vallina 43.4100 -4.8067 70 Garth 
author-mixed 
Bchron Stoll et al., 2022 

source water composition 
temperature dependency of 
meteoric precipitation 

confocal band counting 

 Villars 45.43 0.78 175 Vil-car1 

author-linear 

between dates 

Wainer et al., 

2011 cave air temperature disequilibrium 

flowstone; authors flag possible detrital 

contamination and U-leaching giving older 

ages,  

North 

Europe Abaliget 46.1333 18.1167 209 ABA_1 
author-
StalAge 

Koltai et al., 
2017 

temperature dependency 
of meteoric precipitation 

source water composition 
flowstone; author generated age model uses 
both cores to create master chronology 

 Schneckenloch 47.4333 9.8667 1285 SCH-5 SISAL-copRa 

Moseley et al., 

2015 

temperature dependency 

of meteoric precipitation 

change in moisture transport 

trajectory  

 Sieben Hengste 46.75 7.81 1955 7H-12 

author-

StalAge 

Luetscher et al., 

2021 

temperature dependency 

of meteoric precipitation 

change in moisture transport 

trajectory  

 Neotektonik 46.7833 8.2666 1700 M37-1-16A author-OxCal 
Wilcox et al., 
2020    

paper focused on fluid inclusions, no δ18O 
interpretations provided; no reported hiatus 

North 

America Lehman caves 39.01 -114.22 2080 LMC-14 SISAL-copRa 

Lachniet et al., 

2014 

temperature dependency 

of meteoric precipitation 

change in moisture source 

latitude 
 

     LMC-21 SISAL-copRa 

Lachniet et al., 

2014 

temperature dependency 

of meteoric precipitation 

change in moisture source 

latitude 
 

     LC-2 
SISAL-
Bchron 

Shakun et al., 
2011  

   

 Devils Hole 36.4254 -116.2915 719 DH2-D author-OxCal 

Moseley et al., 

2016  

temperature dependency 

of meteoric precipitation change in seasonality 

sub-aqueous calcite; shallowest core with least 

230Th effect and youngest chronologies 
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EASM Dongge 25.2833 108.0833 680 D4_2005_Kelly 

author-

unknown 

Kelly et al., 

2006  
change in seasonality upstream rainout  

     D8 SISAL-copRa 

Kelly et al., 

2006 
change in seasonality upstream rainout  

 Sanbao 31.667 110.4333 1900 SB11 sisal-copRa 
Cheng et al., 
2016b upstream rainout change in seasonality 

 

     SB23 sisal-copRa 

Cheng et al., 

2016b upstream rainout change in seasonality 
 

     SB25-2 sisal-copRa 

Cheng et al., 

2016b upstream rainout change in seasonality 
 

     SB41 sisal-copRa 
Cheng et al., 
2016b upstream rainout change in seasonality 

 

South 

Europe Sofular 41.4167 31.9333 440 SO-4 

SISAL-

Bchron 

Badertscher et 

al., 2011 
source water composition  

more negative from Caspian Sea with melt 

waters, more positive from Mediterranean  

 

Crovassa 

Azzurra 39.28 8.48 410 CA 

author-linear 

between dates 

Columbu et al., 

2019  rainfall amount change in moisture source 

flowstone; mixed mineralogy-aragonite with 

some calcite 

 Peqiin cave 32.58 35.19 650 PEK_composite 

author-

unknown 

Bar-Matthews et 

al., 2003 rainfall amount source water composition composite includes stalactites 

 Ejulve 40.76 -0.59 1240 ARTEMISA 

author-

StalAge and 

other 

Pérez-Mejías et 

al., 2017  temperature change source water composition 

record focuses on δ13C as proxy for dry 

conditions 

Central 

Asia Kesang 42.87 81.75 2000 KS06-A SISAL-copRa 

Cheng et al., 

2016a 

large-scale circulation 
and supra-regional 

climate 

change in moisture transport 
trajectory and linked 

seasonality 

temperature effect on calcite precipitation 

 Kesang 42.87 81.75 2000 KS08-1 SISAL-copRa 

Cheng et al., 

2016a  

large-scale circulation 
and supra-regional 

climate 

change in moisture transport 
trajectory and linked 

seasonality 

temperature effect on calcite precipitation 

ISM Xiaobailong 24.2 103.36 1500 XBL-26 SISAL-copRa Cai et al., 2015 rainfall amount   

 Bittoo 30.7903 77.7764 3000 BT-9 sisal-Bchron 
Kathayat et al., 
2016  

large-scale circulation, 

upstream changes, 
moisture transport history 
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Figure S1: Plots of speleothem entities that were not analysed as a part of the main manuscript since they only partially cover Terminations or have lower resolution or U-Th 

dates with larger errors than the records used in the main manuscript or are composite records. Key plots from the main manuscript have also been shown in these 

supplementary figures for comparison. Ages covering Terminations in kilo years before 1950 (ky BP) are plotted against oxygen isotopic measurements in ‰. The direction 

of the Y axis for each figure has been selected so that up points to warmer or wetter climates. Age-depth model uncertainties where available are plotted as grey shading on 

the proxy plots. U-Th dates and dating uncertainties have been plotted below the proxy plots. Insolation curves in Wm-2 are plotted in sub-figures ‘(a)’ of each of the 

Termination figures and are the summer half year caloric insolation as provided in Tzedakis et al, 2017. This metric for insolation was selected because it accounts for the 

effect of both precession and obliquity on northern latitude insolation. Cave sites are shown on maps in Fig.1 and further record information can be found in Table S1. Since a 

large number of records are available for Termination II, separate plot sections have been made for North Europe, North America and the monsoon records respectively.  
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Figure S2: Ages covering Terminations are plotted against (a) insolation, (b) sea level curves and (c) the ice volume effects on seawater oxygen isotopic records. Insolation 

curves in Wm-2 are plotted in sub-figures ‘(a)’ of each of the Termination figures and are the summer half year caloric insolation as provided in Tzedakis et al, 2017. This 

metric for insolation was selected because it accounts for the effect of both precession and obliquity on northern latitude insolation. The Spratt and Lisiecki sea level curve is 

based on orbital tuning, and the Grant sea level curve is based on tuning to millennial dust events in the Red Sea. These two curves exhibit difference in timing and amplitude 

of sea level rise during Terminations and this is shown in the figures. The benthic derived Waelbroeck sea level curve has a lower resolution and has not been used for further 

calculations but has also been plotted here. A value of 0.00833 ‰ / m of relative sea level has been used to calculate the global average change in δ18Oseawater. For Termination 

II, the North Iberian Speleothem Archive (NISA) record is superimposed over the global curves to showcase the impact of regional North Atlantic changes in sea water δ18O 

compared to the global curves.  
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Figure S3: Ages covering Terminations are plotted against the ice volume effects on speleothem oxygen isotopic records. Insolation curves in Wm-2 are plotted in the first 

sub-figures at the top of each Termination plot and are the summer half year caloric insolation as provided in Tzedakis et al, 2017. This metric for insolation was selected 

because it accounts for the effect of both precession and obliquity on northern latitude insolation. The Spratt and Lisiecki sea level curve is based on orbital tuning, and the 

Grant sea level curve is based on tuning to millennial dust events in the Red Sea. These two curves exhibit difference in timing and amplitude of sea level rise during 

Terminations and this is shown in the figures. For Termination II, the North Iberian Speleothem Archive (NISA) record is superimposed over the Europe speleothem data to 

showcase the impact of regional North Atlantic changes in sea water δ18O compared to the global curves.  
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Figure S4: Ages covering Terminations for the South European records from La Vallina and Ejulve caves are plotted against measured δ13C, degassing corrected δ13C 

(δ13Ccorr) and Mg/Ca records. The δ13Ccorr values are derived from an index based on the Mg/Ca data providing δ13C ‘initial’ values that give temperature information. 
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