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Acción 3 - Identificar el permafrost
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3.1 Interferometría SAR
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3.1 Interferometría SAR

InSAR velocities of the Clot de la Menera rock glacier 
masses. Dots are mainly boulders that have moved, 
especially red dots (higher movements).

InSAR velocities of the differents active rock glaciers 
(Besiberri massif) 
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3.2 Geofisica

Todos se realizarán en campaña de verano
de 2024.
Apoyo de helicóptero para accedir a 
todos los sitios.

Necesidades

• Autorización espacios naturales.
• Programación immediata de vuelos y 

campañas.
• Preparación de vuelos, logística 

(peso, días).

Presentación técnica a las 12 h (V. Turu –
Igeotest SL1-FMC)

• Informe de características del suelo
congelado (P2)

Entregable

Menera, Besiberri
(perforaciones 2024)

Presentació
explicatives per 

Fundació Marcel 
Chevalier –
Igeotest SL1
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Todos se realizarán en campaña de verano de 2025, excepto Menera y Besiberri.

Apoyo de helicóptero para accedir a todos los sitios.

Necesidades

• Autorización espacios naturales
• Programación immediata de vuelos y campañas.
• Adquisición de sensores.
• Testar el funcionamiento sensores.

Presentación técnica a las 12.15 h (Min Jiang – INACCESS)

• Sondeos e instrumental (P2, P4)

Entregable

3.3 Realización de perforaciones y sensores
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Acción 4 - Evolución y respuesta del permafrost
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4.1 El permafrost en su entorno (P2-P5)

•Cartografía geomorfológica

Monnier, S. (2006)



• Identificación inestabilidades del terreno
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4.1 El permafrost en su entorno (P2-P5)

Vertiente periglaciar de la Tsa (Valais, Alps) à geoformas, procesos e intensidad 
(Vuilleumier, 2011) 

Debris-flow (frente a 2680 m) en la Coma 
de Sotllo (Macizo de la Pica d’Estats)
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•Mapas geomorfológicos de detalle y evolución del permafrost en el pasado (P5)

•Reconstrucción del paisaje (dataciones por isótopos cosmogénicos, CRE)

Entregable
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•Reconstrucción del paisaje (dataciones por isótopos cosmogénicos, CRE)

•Mapas geomorfológicos de detalle y evolución del permafrost en el pasado (P5)
Entregable
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•Creación de red de estaciones de monitoreo en perforaciones profundas (15 m)

4.2 Monitorización del permafrost (P2-P6)

•Datos de temperatura de roca en paredes de circos

•Series de datos de permafrost en Pirineos (P6)

borehole
rock wall loggers

Entregable
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Rock wall temperature measurements : strategy

- Install 4 to 6 sensors per site:
- 1 set of 3-4 sensors on different faces accessibles from the 

top by rappeling or walking down è capturing the 
different sun-exposures 

- 1 setof 1 to 2 sensors at lower elevation (min. 300 m below 
the summit) in different sun-exposure è capture the 
temperature gradient

- Important things to consider when installing the sensors : 
- Avoid installing sensors on crests or « micro-topographical 

features » that are not representative of the general features of 
the rock faces (e.g. when installing on a north face, do not 
place the sensor on the east or west-facing sides of a micro-
spur) è the topographial settings on which the sensor is 
installed must be represented by a coarse-resolution DEM (10-
25 m resolution).

- Avoid placing sennors right below crests, above ledges or steps 
that may accumulate significant amount of snow

- Areas safely accessible by foot (ledges, steps) can be equipped 
with iButtons (placed at 5-10 cm depth and covered by 
modelling clay or something that can be removed but protect 
from solar radiation and air convection)

- Ibuttons can be placed in addition to more robust sensors on 
ground covered by snow to complete the installation and 
results interpretations (snow cover effect)

OK

Too close from 
the crest line
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4.3 Propriétés des roches (P2-P5)

•Propriétés mécaniques “initiales” •Évolution des propriétés mécaniques suites 
aux cycles de gel/dégel

Mesures des résistances à la compression simple 
et si possible tenacité

v Essais sur échantillons “secs” 

v Essais sur échantillons saturés et congelés

=> Estimations des paramètres des lois de comportement à intégrer dans les modèles numériques

•Rapport sur le comportement mécanique des roches des sommets (P5)

Entregable

NB : modification des achats initialement 
prévus pour acheter une enceinte climatique 
(montants comparables)
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4.3 Modélisation des instabilités potentielles (P2-P5)

• Estimation de la stabilité par méthodes 
conventionnelles

3 jours de travail sur site, par site : été 2024
+ bureau

•Modélisation par éléments discrets

Utilisation du logiciel 3DEC (Itasca): gros 
travail de développement => 2025

=> Évaluation des risques 

Etude de 2 sites : a priori Vignemale et Maladeta
à choisir en fonction de : intérêt, accessibilité, représentativité

•Rapport sur la modélisation du pergélisol et les risques associés (P6)

Entregable

3DEC model indicating the factor of safety
calculated for a faulted open pit mine 
(@Itasca)
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Rock wall temperature measurements : applications

- Statistical modelling (linking mean annual rock surface temperature to air temperature and solar radiation) 
and rock wall permafrost mapping at regional scale 

*

* Surface offset = rock surface T°C – air T°C

- Numerical modelling of heat transfers to assess 
permafrost evolution and thermal conditions at 
depth (1D or 2D)

Rico et al. 2021

Magnin et 
al., 2017

Magnin et 
al., 2019
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4.4 Permafrost modelling
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12.30 h Estructura, tareas y calendarios

Campañas de campo 2024 y 2025
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Pamiers

C. Broate

Besiberri

Ardiden

Montcalm

Maladeta

Monte 
Perdido

Active rock glacier(4)

Bedrock (4)

Heliports

PERMAPYRENEES : Geophysical surveys and drillings

20 km

25 km

37 km

40 km

15 km

13 km

14 km

25 km

26 km

28 km

15 km
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12 km

13 km

SEV-24

BORE-24

BORE-25

SEV-24

SEV-24
SEV-24

SEV-24

SEV-24

SEV-24
SEV-24

Vignemale

C. Menera

BORE-24

BORE-25

BORE-25 BORE-25

BORE-25

BORE-25

CORNER R-24

BORE-24

SEV-24

CORNER R-24

WALL sensors-24

CRE dating-24

BORE-25

CORNER R-25

WALL sensors-25

CRE dating-25

CRE dating-24

Lithology

GRANITES:  Ardiden, Maladeta, Besiberri, Clot Manera
LIMESTONES: Monte Perdido

LIMESTONES + SLATES: Vignemale
SLATES: Montcalm, Clot de Broate, Pic de Campbieil

WALL sensors-24

Timing

IPE

UB

UB

UB

UPVD

UPVD

AR+I

UB

IPE

UB

UPVD

IPE

AR+I

Socis responsables AOI:
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Pic de Campbieil

Optional -UPVD
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PERMAPYRENEES – Access to AOI

Massif AOI Access to

Vignemale Col de Cerbillona (3198 m) Trip from the refugi of Bayssellance (2651 m) 

Ardiden GR Ardiden-Lac Grand (2460 m) Trip from the Farms of Aynis (1439 m) 

Néouvielle-Pic 
Long

Pic Campbieil-Lentilla (3157 m)
GR Campbieil (2930 m)

Trip from to parking of Capdelong (2171 m)

Monte Perdido Pic Marboré (3251 m) Trip from the refugi of Góriz (2196 m)

Maladeta Pico de Coronas (3297 m) Trip from the refuge of La Renclusa (2140 m)

Besiberri GR Besiberri N (2600 m) Trip from the refuge of La Restanca (2015 m) 

Pica d’Estats GR Clot de Broate (2800 m) Trip from the refuge (free) of Broate (2220 m)

Pica d’Estats Montcalm (3078 m) Trip from the refuge of Pinet (2224 m)

Circ de Pessons GR Clot de la Menera (2492 m) By car  from Port d’Envalira, 2411 m) 
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Campaign date 2024: First week of July-24
Lead partner: AR+I , UB
Working in: SEV + DRILLING

Team in the field:

Campaign date 2025:
Lead partner: AR+I , UB
Working in:

Team in the field:

P

T

Z
B

P

P. Menera, 2776 m

Front, 
2492 m

Spring, 
2555 m

P. Negre d’Envaliera, 2823 m

2022-Sensors+ CRE
2532 m



Kick-off meeting

PERMAPYRENEES Barcelona, 20-2-2024

Campaign date 2024: 
Lead partner: UB
Working in: SEV + DRILLING + WALL SENSORS +  CORNER 
REFLECTORS + CRE dating

Team in the field:

Campaign date 2025:
Lead partner:
Working in:

Team in the field:

P

T

Z
B

P

P. Besiberri  N, 3008 m

Front, 2600 m
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Campaign date 2024: 
Lead partner: UB
Working in: SEV

Team in the field:

Campaign date 2025:
Lead partner: UB
Working in: DRILLING

Team in the field:

P

T

Z
B

P

P. Sotllo, 3070 m

Front, 2800 m

2022-Sensors, 
2825 m
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Campaign date 2024: 
Lead partner: UPVD
Working in: SEV

Team in the field:

Campaign date 2025:
Lead partner: UPVD
Working in: DRILLING

Team in the field:

P

T

Z
B

P

P. Ardiden, 2988 m

Lac Grand, 2445 m

Front, 2460 m
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Campaign date 2024: 
Lead partner: UPVD
Working in: SEV

Team in the field:

Campaign date 2025:
Lead partner: UPVD
Working in: DRILLING

Team in the field:

P

T

Z
B

P

P. Campbieil, 3173 m

Gourg de 
Cap de Long, 2845 m

Front, 2930 m

P. Lentilla, 3157 m

Hourquette de Badet, 2902 m

Mo-LIA ( ex Gl. Pays Baché)

GR-Campbieil

GR- Maou

“Flat” areas

“Flat” areas

“Flat” areas
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Campaign date 2024: 
Lead partner: UPVD
Working in: SEV

Team in the field:

Campaign date 2025:
Lead partner: UPVD
Working in: DRILLING

Team in the field:

P

T

Z
B

P

“Flat” areas

Petit Vignemale, 3032 m

Pique Longue, 3298 m

Ref. Bayssellance, 2651 m

Ref. Oulettes, 2150 m

“Flat” areas

“Flat” areas

Col Cerbillona, 3198 m
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Campaign date 2024: 
Lead partner: IPE-CSIC
Working in: SEV

Team in the field:

Campaign date 2025:
Lead partner: IPE-CSIC
Working in: DRILLING

Team in the field:

PERMAPYRENEES

P

T

Z
B

P

“Flat” areas

P. Marboré, 3251 m

Monte Perdido, 3348 m

Collado del Cilindro

“Flat” areas

“Flat” areas

“Flat” areas

“Flat” areas
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Campaign date 2024: 
Lead partner: IPE-CSIC
Working in: SEV

Team in the field:

Campaign date 2025:
Lead partner: IPE-CSIC
Working in: DRILLING

Team in the field:

P

T

Z
B

P

P. Aneto, 3404 m

“Flat” areas

P. Alba, 3112 m

P. Russell, 3206 m

P. Coronas, 3297 m

P. Maladeta, 3312 m

Collado 
Cordier, 3127 m

“Flat” areas

“Flat” areas

“Flat” areas
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Campaign date 2024: 
Lead partner: UB
Working in: SEV

Team in the field:

Campaign date 2025:
Lead partner: UB
Working in: DRILLING

Team in the field:

P

T

Z
B

P

Montcalm, 3078 m

Port de Riufred, 2982 m

Pica d’Estats, 3143 m

“Flat” areas

“Flat” areas


