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Land covered with snow for 
part of the year

Intervention constraints due to the 
presence of herds and to the 
protection of fauna and flora

Difficulty to access
study areas

Walk on steep 
slopes

Carry equipment in the backpack or finance 
transport by helicopter/mule.

Specificities of high mountain works
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Plans of buildings made of dry stone

Specificity of the archaeological objects sought
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How can we identify pastoral infrastructures built, whole or in part, from
perishable materials?

Vic (Catalogne – Spain) 
1920-30 - Photographer : Blasi

Guarrinza valley (Aragon  Spain) – 1933 -
Photographer : Compairé

Arpingon mountain (Savoie, France) 2018
(La Maurienne Journal, 5 july 2018 - Autor : C. V)

Specificity of the archaeological objects sought
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High archaeological density
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Mean density in plain

Mean density in mountain
(Pyrenees)

1 archaeological site per Km²

70 archaeological site per Km²
(Between 0.94 and 330 pastoral units/ 100 hectares)



Anéou 
Rendu, Calastrenc, Le 

Couédic

Benasque
Calastrenc, Rivas, Ona

Gonzalez

Liantran
(Calastrenc et al.)

1300 hectares

4 months with 2 
people

1400 hectares

3 months with 2 
people

3 hectares

1/2 month with ± 1 people

Time-consuming work
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© photographie de jean jacques stockli
https://www.stockli.photos/le-lac-du-plaa-

de-prat-et-les-ruines-de-liantran/



o How can larger areas be archaeologically addressed in a shorter time ?

o How can we get a statistically significant and solid inventory, which includes
structures made of dry stones, those made of perishable materials and those
covered by vegetation, colluvium or destroyed by human activity?

Methodological lock
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Are the actual methods for archaeological survey of these 
areas the most appropriate?
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Scientific equipment

Satellite

Small-scale work

Satellite remote sensing
to locate large pastoral 
clusters that conserve 
significant elevation

Geophysics

Work at the structure scale

The georadar and the 
magnetometer make it 

possible to obtain an image 
of the structures and of 
certain infrastructures 
invisible on the surface 
(enclosure, fireplace, …)

Drone
Working at the scale of 

a pasture

Photogrammetry, 
thermography, 

multispectral images
and Lidar can be used to 

locate dry stone 
structures and identify 

some architectural 
details.

Chemistry

Working at the 
molecular level

Chemical soil analysis
(XRF) allows the 
identification and 

location of 
archaeological remains
that are invisible on the 

surface.
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« Calibration » areas

o Enveitg Mountain 
(Oriental-Pyrenees)

o Anéou pasture
(Atlantic-Pyrenees)

Fields of application
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Test areas

o Liantran area, Estaing
(Highs-Pyrenees)

o Natural reserve of Aulon
(Highs-Pyrenees)

Fields of application
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Remote sensing

2019-2020            ISIS scientific support programme

Technological limitation      =>    Spatial resolution
Panchromatic = 0,50 m

Multispectral = 2,00 m

=>    Partial detection
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2019-2020            ISIS scientific support programme

Archaeological structures visibles on the K Mean

Field reality

Low

High

Archaeologicals structures identified on the CSM result

Field reality

Low

High

0 150 m

m
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Remote sensing



Photogrammetry

Technology widely used in archaeology

Software = Avoid button clicking and black boxes

= Ensure model accuracy

= Evaluate the quality of the 3D model
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Tool for the detection and description (excluding structures under rock)
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Simple Local 
Relief Model

Multiscale Topographic 
Position Index

Use of Digital Elevation Models (DEM)

Average Standard deviation
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Photogrammetry



The thermal camera - FLIR T620

o Detection of temperature deltas: 0.04 °C

o 640 x 480 pixels images

o Real-time radio transmission of the captured images

Parrot – Anafi Thermal

o Weight: 320g

o Battery life: 26 minutes

o Flir camera 160 x 120 px

T.A.H.M.M.
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Thermography



Equal intervals – 16 classes Standard deviation – 7 classes Geometric – 16 classes

Refining the classification of thermographic data for better visibility of 

information

C. Calastrenc, F. Baleux, N. Poirier, C. Rendu. Thermographie aéroportée par drone. Nouvelle procédure pour la détection archéologique en 
haute montagne. Archeosciences, revue d'Archéométrie, G.M.P.C.A./Presses universitaires de Rennes, 2020. ⟨hal-03245823⟩
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Thermography

https://hal.archives-ouvertes.fr/hal-03245823


Digital thermographic model (degrees) -
Classifed

Archaeological interpretation
Outer line of the wall

Possible outer line of the wall

Wall fall area

C. Calastrenc, F. Baleux, N. Poirier, C. Rendu. Thermographie aéroportée par drone. Nouvelle procédure pour la détection archéologique en 
haute montagne. Archeosciences, revue d'Archéométrie, G.M.P.C.A./Presses universitaires de Rennes, 2020. ⟨hal-03245823⟩
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Thermography

https://hal.archives-ouvertes.fr/hal-03245823


Digital thermographic model 
(degrees) - Classifed

North wall
East wallDoor

Scree

North wall South wall
Scree

Scree

South wallNorth wall

Scree

Substratum

Thermal profile

Thermal profil (Smooth)

C. Calastrenc, F. Baleux, N. Poirier, C. Rendu. Thermographie aéroportée par drone. Nouvelle procédure pour la détection archéologique en 
haute montagne. Archeosciences, revue d'Archéométrie, G.M.P.C.A./Presses universitaires de Rennes, 2020. ⟨hal-03245823⟩
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Thermography
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Lidar YellowScan Mapper II

o Ibeo Lux Laser Scanner
o GNSS Inertial Station
o 10 cm (X/Y) and 5 cm (Z)
o Autonomy 1,5 h
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Lidar



10 – 25 cm
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Lidar

Str. 89



Str. 89 DEM
DTM
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Lidar



Geophysic

Gradiometer 

Georadar 

GSM19

GSSI – SIR 4000              4 antennas (200, 400, 900 MHz)
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Geophysic
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X-ray fluorescence spectrometer  

Detection of enclosure areas

PERIODIC TABLE OF ELEMENTS
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XRF



Chukwuka KS, Okechukwu RU, Umukoro BO, et al. Arbuscular mycorrhiza fungi, NPK (15-15-15) and cow dung 
interaction in sustainable cassava production and food security. Adv Plants Agric Res. 2017;7(4):328-335. 
DOI: 10.15406/apar.2017.07.00262
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XRF

https://doi.org/10.15406/apar.2017.07.00262


XRF

Chukwuka KS, Okechukwu RU, Umukoro BO, et al. Arbuscular mycorrhiza fungi, NPK (15-15-15) and cow dung 
interaction in sustainable cassava production and food security. Adv Plants Agric Res. 2017;7(4):328-335. 
DOI: 10.15406/apar.2017.07.00262
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Density (m²)

Enveitg Medieval milking corridor
- 10 cm

m
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Surface

XRF
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Baleux. F

Engineer in 3D, geomatics, remote sensing. He works 
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spatial data.

Engineer - CNRS - TRACES (UMR 5608)

Laurent. A

Works on the integration of 3D in all phases of 
archaeological research, from the territory to the object, 
from prospection to scientific valorization and towards 

the general public.

PhD

Calastrenc. C
(Dir)

Archaeologist, specialized in agro-pastoral areas and 
in the detection of archaeological remains using not 

invasive methods.

Engineer - CNRS - TRACES (UMR 5608)/FRAMESPA (-UMR 5136)

Rendu. C

Archaeologist and ethnologist, specialist in the 
transformation of summering systems in the 

mountains of southern Europe and in the social 
and landscape dynamics of high and medium 

mountain areas.

Researcher - CNRS - FAMESPA (UMR 5136)

Philippe. M

She works on the study of environmental dynamics of 
sentinel environments through approaches in ecology 

and paleoecology as well as in soil geochemistry

Assistant engineer – CNRS - GEODE (UMR 5602)

Poirier. N

Medieval archaeologist specializing in the dynamics 
of settlements and territories. His research focuses 
on the settlement of medieval villages, approached 
through a micro-historical and diachronic approach.

Researcher - CNRS - TRACES (UMR 5608)
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