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Deglaciation, permafrost, and rock glacier activity in the
Central-Eastern Pyrenees: Insights from the Clot de la
Menera cirque (Andorra)

Anna Echeverria, Marc Oliva, Josep Ventura, Oriol Monserrat, Pedro Espin-Lopez, i ++ i
T ++ Valenti Turu, Xavier Ros, Attila Ciner, M,. Akif Sarikaya, Claudia Pérez-Ramos, Julia s & B
+ 4 4 Garcia-Oteyza & &= & & &
+ + + + + + + &= ¥ 5 & & £

+ + + + 4+ o+
+ + 4+ + 4+ + +

+ + + + + + +
+ + 4+ + 4+ + +

+ + + + + + 4+
+ + + + + +
+ + + + + +

27/06/2025, Salardu

immm AR

AR

INRN

1mnii

| 1 1) NI
NN (4




" . ANDORRA
RECERCA +
INNOVACIO

Cofinanciado por

HILCITICY la UNION EUROPEA
Cofinancé
pOCTE FA rgrzrgsceupf:épéeuns

PERMAPYRENEES

=& [UNIVERSITATo:

EURASIA
INSTITUTE of
EARTH SCIENCES

BARCELONA

Vill Congreso lbérico Permatrost

Preliminary results
Multidisciplinary study

PERMAPYRENEES project

Figures from a submitted
paper (Oliva et al., 2025)

o aoorea - CEEC
INNOVACIO Centre Tecnologic de

Telecomunicacions de Catalunya

77Z. MW And more...




4

]
§
%

™ . ANDORRA
‘J RECERCA +
INNOVACIO

Study area

Clot de la Menera cirque

Central-Eastern Pyrenees
Andorra
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Study area
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Clot de la Menera cirque

Central-Eastern Pyrenees
Andorra
Grau Roig (ski resort)

Cirque: 1.5 km?
~ 2.400-2.800 m.a.s.l.
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Objectives and research questions

- When did deglaciation occur?

- How and when did the rock
glaciers form?

- Are these Ilandforms still HOW

active?
- Is permafrost still present?

Multi-proxy approach

* Geomorphological mapping

“ CRE dating

¢ Geophysical survey

¢ Ground temperature monitoring
*»* DINSAR velocity measurements
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Geomorphological mapping =7 oo |

Composite rock glacier system

Anthropic modified
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GLACIAL, 1: Glacial cirque (a-peak); 2: Roches moutonnées/Polished surface; 3: Moraine ridge; 4: Till (with small
morainic ridges); 5: Moraine boulder; CRYONIVAL, 6: Rock glacier (a-front; b-transverse ridges; c-longitudinal ridges);
7: Rock glacier (overlapping units); 8: Rock glacier (anthropic modified); SLOPE, 9: Rock scarp; 10: Cone/Talus slope;
11: Debris flow; HIDROGRAPHY, 12: Intermittent stream; 13: Water bodies; 14: Water reservoir; OTHERS, 15:
Anthropic infrastructures; 16: Road; 17: CRE samples; 18: Active corner reflector; 19: Temperature sensor; 20:
Geophysical survey (RMS); 21: Geophysical survey (VES); 22: CRE ages (Error weighted mean age + Error external).
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CRE datlng RG-1a: 9.7 + 0.4 ka i|mnz:;m;1_§.; 12k KON = : v azsoo0e |
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n=3 11.120.6ka

10Be and 36C|

Samples:

1 polished bedrock surface
3 from morraine ridge
6 from 2 RG
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Ground temperature monitoring
S _\

Sensors at 5, 10, 20, 50, 90 cm
depth (2022-2024)
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Ground temperature monitoring

Winter
stabilization at -3
to -4°C
sSnow cover

Max: 16.3°C (90
cm), Min: -6.3°C
(5 cm)

under

Mean daily temperature (°C)
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VIl Congreso Ibérico Permafrost

Snow depth (cm)

Max daily light intensity (lux)
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1.1-4.1 cm/yr

ty measurements 0.6-2.6 cmiyr
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Geophysical survey ggzzg?:g
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Geophysical survey

RG-3 RG-1b RG-1a

Geoclootrical  Unies:
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Geophysical survey
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Conclusions

Rock glaciers have been exposed for approximately 10-11 ka

RG continue to creep downhill at 1-4 cm/yr

Evidence of frozen masses (~30m): permafrost and/or buried ice
Rock glaciers out of balance with the current climate (MAAT> 0°C)

Permafrost and/or buried ice presence likely but needs nature
confirmation (future borehole)
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