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Inspecter les zones d’altitude
Développement d’un procédure multi-source pour la prospection archéologique des terrains d’altitude
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Commentaires de présentation
Thank you, 

First, I apologise for my poor English.
If you don't understand, stop me.
I will then speak in French.  

My colleagues and I are going to present the work we are doing for the TAHMM research programm, which stands for "Archaeological Remote Sensing in High and Medium Mountains". 
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Spécificités de la prospection archéologique en haute montagne1

Une approche multi-source et multi-échelle

Futures orientations de la recherche

T.A.H.M.M.

(www.tahmm.fr) Plan
G. M. P. C. A. – 2-6 mai 2022

Présentateur
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In fact. The primary data acquisition is an essential prerequisite for any archaeological research.

But, working in high mountains requires taking into account certain specificities,

the first specificity comes from the study environment:

The access to work areas requires several hours of walking on steep slopes and difficult itinary
Or the Access to study areas may also be limited 
- Limited in time because the pastures are snow-covered for much of the year, 
- or limited in space because the archaeologist is working in protected areas where access may be restricted  to not disturb livestock or wildlife.



Spécificité de la prospection archéologique en haute montagne

Zones soumises à des protections particulières (faune, flore) 
=> restriction de circulation

www. depositphotos.com

Obligation de transport à dos du matériel ou 
financement d’un héliportage/muletage
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Difficulté d’accès et fortes 
contraintes météorologiques
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Plans de bâtiments

Spécificités des objets archéologiques

Estive d’Anéou – Str. 235

Estive d’Anéou – Str. 308

Str. 8 – Estive d’Anéou (Laruns)

Str. 10 – Estive d’Anéou (Laruns)

Str. 43 à 48 – Estive d’Anéou (Laruns)

Str. 42 – Estive d’Anéou (Laruns)

SRA – Toulouse _ 11 Avril 2022
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Another specificity of the archaeology of the high mountains comes from the objects to be identified.

In contrast to the plains, in the highlands, the archaeologist find plans of dry-stone buildings, more or less preserved. 

He will also be able to identify deformations of the ground that indicate the presence of archaeological remains covered by vegetation or colluviums.




Comment identifier les infrastructures pastorales construites, en tout ou partie, 

à partir de matériaux périssables, recouvertes par les sédiments ou arasées par 

les activités humaines ?

Hauts de Leud (Maramuresh, 
Roumanie) 1992 - Photographe : 

C. Macherel © CNRS

Vallée de Guarrinza (Aragon  Espagne) –
1933 - Photographe : Compairé

Vallée de Ansó (Aragon Espagne) – 1920-1936 -
Photographe : Ricardo Compairé Escartín

Spécificités des objets archéologiques
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But, not all the archaeological remains are visible for the archaeologists.
Enclosures, huts were made of perishable materials, are not perceptible on the surface.
We know from historical research, ethnology and current testimonies that this type of construction was used in the mountains.
As in these photographs, taken at the end of the 20th century in Spain, which show the use of huts made entirely of plant materials, with just a wall to mark the entrance and allow for the installation of the fireplace.
Or, in two thousand and eighteen, in Savoie, in the Arpingon mountain, where the shepherds built wooden enclosures to protect their livestock from the wolf. 




Forte densité archéologique

Densité moyenne en France

Densité moyenne en montagne 
(Pyrénées)

1 site archéologique par km²

70 sites archéologiques par km²
(Entre 0.94 et 330 unités pastorales / 100 hectares)

G.M.P.C.A – Chambéry – 2-6 mai 2022
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A quick calculation, based on the available data, shows that the density of archaeological remains is higher in the mountains than in the plains. 
For climatic reasons, because the sedimentation processes are weak or because the impact of the human is low, another particularity of the mountain is to be a good environment for the heritage conservation. 




Anéou 
Rendu, Calastrenc, Le Couédic

Benasque
Calastrenc, Rivas, Ona Gonzalez

Liantran
Calastrenc et al.

1300 hectares

272 structures
4 mois à 2 personnes

1400 hectares

324 structures
3 mois à 2 personnes

3 hectares

62 structures

1/2 mois à 1 personne

Prospection pédestre => Travail chronophage

© photographie de jean jacques stockli
https://www.stockli.photos/le-lac-du-plaa-
de-prat-et-les-ruines-de-liantran/
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All these particularities mean that the phase of identifying and locating archaeological remains is long.
We have estimated that an archaeologist can survey, by foot, about one hundred and seventy hectares per month.




Vers une comparaison des trajectoires
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Mettre en synergie les résultats des différentes zones ateliers pour percevoir les grandes dynamiques, identifier les
particularités, les aires de bascules et/ou de fonctionnement différencié.

=> Programme DEPART (Dir. C. Rendu et E. Gassiot) de SIG collaboratif international (France, Espagne, Andorre)
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All these particularities mean that the phase of identifying and locating archaeological remains is long.
We have estimated that an archaeologist can survey, by foot, about one hundred and seventy hectares per month.




o Comment traiter archéologiquement des zones plus vastes en un temps plus
court ?

o Comment obtenir un inventaire statistiquement significatif et solide, qui inclut
les structures en pierres sèches, celles invisibles en surface ?

Verrous méthodologiques

SRA – Toulouse _ 11 Avril 2022
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With the scientific objective of researching the evolution of grassland management and comparing it to the dynamics of other mountains, it must be noted that the archaeological survey phase comes up against two major methodological obstacles.
The first.
How can we work on larger territories and more quickly?
And the second.
How can a reliable archaeological inventory be made that includes dry-stone structures, constructions made of perishable materials and those covered by vegetation or colluvium?
The TAHMM program aims to find new workflows that can solve these two methodological problems.




Zones « tests » 

Zones de « calibration »

• Secteur du Liantran, Estaing       (Hautes-Pyrénées)

• Réserve Naturelle d’Aulon          (Hautes-Pyrénées)

• Montagne d’Enveitg                     (Pyrénées-Orientales)

• Estive d’Anéou                              (Pyrénées-Atlantiques)

Terrains d’application

SRA – Toulouse _ 11 Avril 2022
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And two test areas, the Liantran zone in the village of Estaing and the Aulon Nature Reserve, for which we have no archaeological information.



Equipements scientifiques

Satellite

Petite échelle de travail

Télédétection par 
satellite pour localiser 

les grands groupements 
pastoraux en bon état 

de conservation.
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The TAHMM program benefits from the scientific and technical equipment of the Archaeoscience platform of the TRACES and GEODE laboratories.
We use very different technologies ... satellites … drones … geophysical equipment and chemical analisis of soil,
Each of these technologies is used at different scales of analysis.




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

Télédétection

2018           Programme scientifique ISIS du CNES
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This will give us a first layer of information and a first overview of the pastoral occupation




Equipements scientifiques

Satellite

Petite échelle de travail

Télédétection par 
satellite pour localiser 

les grands groupements 
pastoraux en bon état 

de conservation.

Drone

Travailler à l'échelle d'un 
pâturage

Photogrammétrie, 
thermographie, images
multispectrales et Lidar

peuvent être utilisés pour 
localiser les structures en 
pierre sèche et identifier 

certains détails 
architecturaux.
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The TAHMM program benefits from the scientific and technical equipment of the Archaeoscience platform of the TRACES and GEODE laboratories.
We use very different technologies ... satellites … drones … geophysical equipment and chemical analisis of soil,
Each of these technologies is used at different scales of analysis.




Outil de détection et de description des indicateurs archéologiques 
(à l'exclusion des structures sous roche)

Photogrammétrie
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Like many archaeologist, we use the photogrammetry to help us to describe the archaeological remains,
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Replat de l’Auloueilh (Réserve Naturelle d’Aulon - 65)    
=>    23 hectares

• 4 jours de terrain 
• 2,5 semaines de travail en laboratoire

Inventaire archéologique

⇒ 157 structures archéologiques 
décrites, photographiées, mesurées
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Here is an example of one of the results. We tested a pen for milking sheep.
At a depth of 10 cm, the phosphate level increased significantly from six hundred to nineteen hundred ppm.
The phosphate concentration is very high inside the structure.
Outside, there is a peak of P. This may be due to organic matter that has flowed down the slope,  or due to localized excrement.
We are currently working on merging the XRF data to get a finer reading of the density of the organic material.




T.A.H.M.M.

(www.tahmm.fr) Résultats 2020-2021

Replat de l’Auloueilh (Réserve Naturelle d’Aulon - 65)    
=>    23 hectares

• 4 jours de terrain 
• 2,5 semaines de travail en laboratoire

Inventaire archéologique

⇒ 157 structures archéologiques 
décrites, photographiées, mesurées

Présentateur
Commentaires de présentation
Here is an example of one of the results. We tested a pen for milking sheep.
At a depth of 10 cm, the phosphate level increased significantly from six hundred to nineteen hundred ppm.
The phosphate concentration is very high inside the structure.
Outside, there is a peak of P. This may be due to organic matter that has flowed down the slope,  or due to localized excrement.
We are currently working on merging the XRF data to get a finer reading of the density of the organic material.




T.A.H.M.M.

(www.tahmm.fr) Résultats 2020-2021

Replat de l’Auloueilh (Réserve Naturelle d’Aulon - 65)    
=>    23 hectares

• 4 jours de terrain 
• 2,5 semaines de travail en laboratoire

Inventaire archéologique

⇒ 157 structures archéologiques 
décrites, photographiées, mesurées

Présentateur
Commentaires de présentation
Here is an example of one of the results. We tested a pen for milking sheep.
At a depth of 10 cm, the phosphate level increased significantly from six hundred to nineteen hundred ppm.
The phosphate concentration is very high inside the structure.
Outside, there is a peak of P. This may be due to organic matter that has flowed down the slope,  or due to localized excrement.
We are currently working on merging the XRF data to get a finer reading of the density of the organic material.




T.A.H.M.M.

(www.tahmm.fr) Résultats 2020-2021

Replat de l’Auloueilh (Réserve Naturelle d’Aulon - 65)    
=>    23 hectares

• 4 jours de terrain 
• 2,5 semaines de travail en laboratoire

Inventaire archéologique

⇒ 157 structures archéologiques 
décrites, photographiées, mesurées

Présentateur
Commentaires de présentation
Here is an example of one of the results. We tested a pen for milking sheep.
At a depth of 10 cm, the phosphate level increased significantly from six hundred to nineteen hundred ppm.
The phosphate concentration is very high inside the structure.
Outside, there is a peak of P. This may be due to organic matter that has flowed down the slope,  or due to localized excrement.
We are currently working on merging the XRF data to get a finer reading of the density of the organic material.




T.A.H.M.M.

(www.tahmm.fr) Résultats 2020-2021

Replat de l’Auloueilh (Réserve Naturelle d’Aulon - 65)    
=>    23 hectares

• 4 jours de terrain 
• 2,5 semaines de travail en laboratoire

Inventaire archéologique

⇒ 157 structures archéologiques 
décrites, photographiées, mesurées

Présentateur
Commentaires de présentation
Here is an example of one of the results. We tested a pen for milking sheep.
At a depth of 10 cm, the phosphate level increased significantly from six hundred to nineteen hundred ppm.
The phosphate concentration is very high inside the structure.
Outside, there is a peak of P. This may be due to organic matter that has flowed down the slope,  or due to localized excrement.
We are currently working on merging the XRF data to get a finer reading of the density of the organic material.




Simple Local 
Relief Model

Multiscale Topographic 
Position Index

Traitements des Modèles Numériques de Terrain (MNT)

Photogrammétrie

0

10

20

30

40

50

60

70

80

90

100

Ombrage

Sky View Factor

Slope

Analyse en composante principal (ACP) de l'ombrage

Openness Positive

Openness Negative

Visualisation for archaeological topography (VAT) - Général

Visualisation for archaeological topography (VAT) - Steep

Vector Ruggedness Measure (VRM)

Terrain Ruggedness Index (TRI)

Sky Illumination (SIM)

Convexity

General curvature

Model Topographic Position Index (MSTPI)

Aspect

Orthophoto_interprétation

SLRM+Mutli-HS

SLRM+Mutli-HS+LD

SLRM * Multi-HS

SLRM * Multi_HS * LD

Larruns (64) - Estive d'Aneou - La Glère Enveitg (66) - Plaa de l'Orri Aulon (65) - Auloueilh Estaing (65) - Liantran

Ecart-type

Moyenne

T.A.H.M.M.

(www.tahmm.fr) Résultats 2018-2021
G. M. P. C. A. – 2-6 mai 2022

Présentateur
Commentaires de présentation
We also process DEMs with different algorithms that use ground roughness or illumination. 
We evaluated the detection capabilities of each algorithm. They vary from five to fifty percent. None of them is "magic".
But merging the results of the algorithms improves the detection rate and could become more efficient than the interpretation of the orthophotography.
There are several software programs that automatically merge raster data from DEM processing. But they are often, totally or partially, black boxes.
Because we want to use the most suitable parameters for our data, we have set up a workflow to do and control this data fusion.




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⟩

Thermographie
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As with a DEM, we carry out thermographic profiles, which allow us to refine the archaeological observations.
For example, here
- The surroundings of the building are thermally 'atonic'. This indicates that no other dry stone structures are architecturally connected.
- Temperature rises followed by a plateau indicate the presence of a wall.
- Peaks rising above these plateaus indicate the presence of bedrock or stones outcropping on the surface.


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


Str. 89 DEM
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Lidar
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The differences between the DEM and DTM are small ,,, very small .... from nothing to a few centimetres .....

We have started work with Lidar data, We hope to come up with an efficient procedure to discriminate between rocks and small shrubs. 



Equipements scientifiques

Satellite

Petite échelle de travail

Télédétection par 
satellite pour localiser 

les grands groupements 
pastoraux en bon état 

de conservation.

Géophysique

Travail à l'échelle de la 
structure

Géoradar et 
magnétomètre permettent 

d'obtenir une image de 
certaines infrastructures 

invisibles en surface 
(enceinte, cheminée, ...).

Drone

Travailler à l'échelle d'un 
pâturage

Photogrammétrie, 
thermographie, images
multispectrales et Lidar

peuvent être utilisés pour 
localiser les structures en 
pierre sèche et identifier 

certains détails 
architecturaux.
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The TAHMM program benefits from the scientific and technical equipment of the Archaeoscience platform of the TRACES and GEODE laboratories.
We use very different technologies ... satellites … drones … geophysical equipment and chemical analisis of soil,
Each of these technologies is used at different scales of analysis.




Géophysique
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The work is ongoing and the data processing is not finalised, however, the first results are promising.
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Satellite

Petite échelle de travail

Télédétection par 
satellite pour localiser 

les grands groupements 
pastoraux en bon état 

de conservation.
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Travail à l'échelle de la 
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Géoradar et 
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Travailler à l'échelle d'un 
pâturage

Photogrammétrie, 
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peuvent être utilisés pour 
localiser les structures en 
pierre sèche et identifier 

certains détails 
architecturaux.

Chimie

Travailler au niveau 
moléculaire

L'analyse chimique des 
sols (XRF) permet 
d'identifier et de 

localiser des vestiges 
archéologiques 

invisibles en surface.
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The TAHMM program benefits from the scientific and technical equipment of the Archaeoscience platform of the TRACES and GEODE laboratories.
We use very different technologies ... satellites … drones … geophysical equipment and chemical analisis of soil,
Each of these technologies is used at different scales of analysis.




X-ray fluorescence spectrométre

Détection des aires de parcage du bétail

PERIODIC TABLE OF ELEMENTS

XRF
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Finally, we use an x-ray fluorescence spectrometer to locate enclosures made of perishable materials that are invisible on the surface.
The device we use allows us to measure the quantity of the chemical elements indicated here in green. 




Density (m²)

Enveitg Couloir de traite médiéval
- 10 cm

m

Surface

XRF

T.A.H.M.M.

(www.tahmm.fr) Résultats 2018-2021
G. M. P. C. A. – 2-6 mai 2022

Présentateur
Commentaires de présentation
Here is an example of one of the results. We tested a pen for milking sheep.
At a depth of 10 cm, the phosphate level increased significantly from six hundred to nineteen hundred ppm.
The phosphate concentration is very high inside the structure.
Outside, there is a peak of P. This may be due to organic matter that has flowed down the slope,  or due to localized excrement.
We are currently working on merging the XRF data to get a finer reading of the density of the organic material.
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Baleux. F

Ingénieur en 3D, géomatique, télédétection. Il 
travaille sur la caractérisation de l'erreur de 

positionnement des données spatiales.

Ingénieur - CNRS - TRACES (UMR 5608)

Laurent. A

Travaille à l'intégration de la 3D dans toutes les phases 
de la recherche archéologique, du territoire à l'objet, de 

la prospection à la valorisation scientifique et vers le 
grand public.

PhD

Calastrenc. C  (Dir)

Archéologue, spécialisée dans les zones agro-
pastorales et dans la détection de vestiges 

archéologiques à l'aide de méthodes non invasives.

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

Rendu. C

Archéologue et ethnologue, spécialiste de la 
transformation des systèmes d'estivage dans les 

montagnes du sud de l'Europe et des dynamiques 
sociales et paysagères des zones de haute et 

moyenne montagne.

Chercheuse - CNRS - FAMESPA (UMR 5136)

Philippe. M

Travaille à l'étude des dynamiques environnementales 
des milieux sentinelles par des approches en écologie 

et paléoécologie ainsi qu'en géochimie des sols.

Assistante Ingénieure – CNRS - GEODE (UMR 5602)

Poirier. N

Archéologue médiéviste spécialisé dans la 
dynamique des peuplements et des territoires. Ses 
recherches portent sur le peuplement des villages 

médiévaux, abordé par une approche micro-
historique et diachronique.

Chercheur - CNRS - TRACES (UMR 5608)
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The TAHMM program, which started in two thousand and eighteen, is progressing.
We have finalised the workflows for the acquisition and processing of photogrammetric and thermal data. 
The other research line are more or less advanced. We are working on their development.
Next year, we are going to carry out a series of archaeological pits to verify, validate or invalidate the results obtained with the geophysic equipment used in the Aulon Nature Reserve.
At the same time, we are working on merging the information from all the scientific devices used in order to refine the recognition of archaeological indicators. 
At the end of this research process, we hope to be able to include artificial intelligence treatments, such as machine  and deep learning, in order to optimise the archaeological detection work. 
Thanks you
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Présentateur
Commentaires de présentation
Thank you, 

First, I apologise for my poor English.
If you don't understand, stop me.
I will then speak in French.  

My colleagues and I are going to present the work we are doing for the TAHMM research programm, which stands for "Archaeological Remote Sensing in High and Medium Mountains". 
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