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Summary: This document provides supplementary data, figures and tables to support the main results and 

conclusions presented in the manuscript. Figures S1 to S4 are illustrations of the four study sites which were 

investigated for this study: the Inferno Valley (Fig. S1), the Oropa Valley (Fig. S2), Pian Frollero (Fig. S3), 

and Sella Spa (Fig. S4). Each figure contains several panels with the following information: (A) the location 

of the site along the southern fringe of the Alps; (B) the regional extent of the Alpine glacier network during 

the Last Glacial Maximum (LGM) according to previous studies; (C) the reconstruction of the ice surface and 

Equilibrium Line Altitude (ELA) of the local LGM (l-LGM) glacier; (D) a geomorphological map of the 

frontal moraine system with the positions of erratic boulders that were sampled for surface exposure dating; 

and (E-G) selected photographs of the site. Tables S1 and S2 provide further details of the sampled boulders, 

as well as measured 10Be and 36Cl concentrations and the calculated exposure ages. Concentrations of major 

and trace elements that were needed to compute different pathways of 36Cl production are listed in Table S3. 

In Table S4, some important physical characteristics and the calculated ELAs of all 16 reconstructed marginal 

l-LGM glaciers are reported. This includes the four glaciers presented in Fig. S1 to Fig. S4 and previously 

published data in Rettig et al. (2023) and Rettig et al. (2024). Table S5 provides additional information on the 

results of the paleoclimatic analyses that were based on the calculated ELAs and on the regional climate model 

(RCM) data from Del Gobbo et al. (2023) and Russo et al. (2024).  
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Fig. S1. The study site in the Inferno Valley (province of Bergamo, Lombardy, Italy). A. Location of the site along the 

southern fringe of the Alps. B. Regional extent of the LGM glacier network (from Ehlers et al., 2011). C. Reconstruction 

of the ice surface and ELA of the l-LGM Inferno glacier. ELAs were calculated using both an area-altitude balance ratio 

(AABR) of 1.56 and an accumulation area ratio (AAR) of 0.58 (Oien et al., 2021). D. Map of the frontal moraine system 

in the lower Inferno Valley with the positions of boulders that were sampled for 36Cl surface exposure dating. E. View 

towards the frontal moraine system, the crests of the right (foreground) and left (background) moraine ridge are marked 

with white arrows. Encircled by a dashed white line is boulder VIF-1. F. Boulder VIF-1, the largest exposure-dated 

boulder in the moraine system. G. Sampling of boulder VIF-6 on the crest of the left lateral moraine. Source of the 

elevation data in all map panels: Copernicus GLO-30 DEM (https://doi.org/10.5270/ESA-c5d3d65) and DTM 5x5 

Regione Lombardia (https://www.geoportale.regione.lombardia.it).  

https://doi.org/10.5270/ESA-c5d3d65
https://www.geoportale.regione.lombardia.it/


3 

 

Fig. S2. The study site in the Oropa Valley (province of Biella, Piedmont, Italy). A. Location of the site along the southern 

fringe of the Alps. B. Regional extent of the LGM glacier network (from Ehlers et al., 2011). C. Reconstruction of the 

ice surface and ELA of the l-LGM Oropa glacier. ELAs were calculated using both an area-altitude balance ratio (AABR) 

of 1.56 and an accumulation area ratio (AAR) of 0.58 (Oien et al., 2021). D. Map of the frontal moraine system in the 

lower Oropa Valley with the positions of boulders that were sampled for 10Be surface exposure dating. E. The large 

boulder ORO-1 on the crest of the left lateral moraine. The surface of the moraine ridge is marked with a dashed white 

line. F. Sampling a boulder for exposure dating by sawing a rectangular grid into the rock surface. G. Sediment outcrop 

in the left lateral moraine: clast supported diamict with edge-rounded clasts that indicate a glacial transport history. Source 

of the elevation data in all map panels: Copernicus GLO-30 DEM (https://doi.org/10.5270/ESA-c5d3d65) and RIPRESA 

AEREA ICE 2009-2011 - DTM 5 (Regione Piemonte, https://www.geoportale.piemonte.it/).  

https://doi.org/10.5270/ESA-c5d3d65
https://www.geoportale.piemonte.it/
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Fig. S3. The study site of Pian Frollero (province of Cuneo, Piedmont, Italy). A. Location of the site along the southern 

fringe of the Alps. B. Regional extent of the LGM glacier network (from Ehlers et al., 2011). C. Reconstruction of the 

ice surface and ELA of the l-LGM Frollero glacier. ELAs were calculated using both an area-altitude balance ratio 

(AABR) of 1.56 and an accumulation area ratio (AAR) of 0.58 (Oien et al., 2021). D. Map of the frontal moraine system 

at Pian Frollero with the positions of boulders that were sampled for 10Be surface exposure dating. E. View from inside 

the moraine system towards the crest of the left lateral moraine ridge. The crest is marked with white arrows. F. Sampling 

the surface of boulder FRO-4 for exposure dating. G. View towards Colle delle Porte and Frioland (2720 m) in the former 

accumulation area of the l-LGM Frollero glacier. Source of the elevation data in all map panels: Copernicus GLO-30 

DEM (https://doi.org/10.5270/ESA-c5d3d65) and RIPRESA AEREA ICE 2009-2011 - DTM 5 (Regione Piemonte, 

https://www.geoportale.piemonte.it/).  

https://doi.org/10.5270/ESA-c5d3d65
https://www.geoportale.piemonte.it/
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Fig. S4. The study site of Sella Spa (province of Cuneo, Piedmont, Italy). A. Location of the site along the southern fringe 

of the Alps. B. Regional extent of the LGM glacier network (from Ehlers et al., 2011). C. Reconstruction of the ice surface 

and ELA of the l-LGM Spa glacier. ELAs were calculated using both an area-altitude balance ratio (AABR) of 1.56 and 

an accumulation area ratio (AAR) of 0.58 (Oien et al., 2021). D. Map of the frontal moraine system at Sella Spa with the 

positions of boulders that were sampled for 10Be surface exposure dating. E. View from inside the moraine system towards 

the crests of the inner (foreground) and outer (background) left moraine ridge, marked with white arrows. F. Sampling 

the surface of a boulder at Sella Spa for exposure dating. This specific boulder was ultimately not dated. G. View towards 

the small cirque to the east of Punta del Lusco (2278 m), that represents the former accumulation area of the l-LGM Spa 

glacier. Source of the elevation data in all map panels: Copernicus GLO-30 DEM (https://doi.org/10.5270/ESA-c5d3d65) 

and RIPRESA AEREA ICE 2009-2011 - DTM 5 (Regione Piemonte, https://www.geoportale.piemonte.it/).  

https://doi.org/10.5270/ESA-c5d3d65
https://www.geoportale.piemonte.it/
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Table S1. Sample details of 10Be exposure dated boulders from the l-LGM moraine systems in the lower Oropa Valley 

(ORO), at Pian Frollero (FRO), and at Sella Spa (COR). The calculated exposure ages are reported both with internal and 

external 1σ errors (in brackets). 

 

Table S2. Sample details of 36Cl exposure dated boulders from the l-LGM moraine system in the lower Inferno Valley 

(VIF). The calculated exposure ages are reported both with internal and external 1σ errors (in brackets). 

 

Table S3. Concentrations of major and trace elements of samples from the lower Inferno Valley (VIF), necessary to 

compute the different pathways of 36Cl production. The element concentrations were determined from a leached sample 

aliquot by Activation Laboratories Ltd (Ontario, Canada). 
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Table S4. Physical characteristics and ELAs of the 16 reconstructed marginal l-LGM glaciers. Glaciers marked with (1) 

are from Rettig et al. (2023) and glacier marked with (2) from Rettig et al. (2024). Underlined glaciers are here presented 

for the first time in the supplementary information (Figures S1 to S4). Glaciers 1-8 are in the south-eastern Alps, glaciers 

9-11 in the south-central Alps and glaciers 12-16 in the south-western Alps. 

 
  



8 

Table S5. Results of the palaeoclimatic analyses that were carried out for all 16 sites of marginal l-LGM glaciation. The 

calculated palaeoprecipitation sums (PELA) are based on reconstructed ELAs (see Table S4) and (1) TJJA during the pre-

industrial (PI), retrieved from the HISTALP dataset (Auer et al., 2007), (2) ΔTJJA between PI and the LGM, based on the 

RCM by Del Gobbo et al. (2022), and the empirical P/T relationships by (3) Ohmura and Boettcher (2018) and (4) 

Golledge et al. (2010) with a seasonality factor of 0.8. In comparison: RCM-based precipitation estimates from Del Gobbo 

et al. (2022) and (5) Russo et al. (2024). 

 


