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	 The analysis of sites occupation patterns, resource use and land management 
practices by ancient communities opens windows on their social and cultural orga-
nization. Based on the concept of „ResourceComplexes“ and „ResourceCultures“ 
(SCHADE et al. 2021), we aim to investigate the links between communities and 
their living environment and mobility. 
	 Studies on sites occupations in the Mesopotamian area has been conducted 
since the ‘60s (ADAMS 1965). More recently remote sensing data have been used 
to distinguish new sites and channels (JOTHERI et al. 2020). Nonetheless, these 
previous studies were limited to Earth’s surface signals and not including soil in-
formation and other objects like archaeological finds and geoarchives in terms of 
a multi-proxy analysis of sites occupations and resources use in Kurdistan (Iraq). 
	 Here, we try to combine both and use a machine learning approach for remote 
sensing data, in situ soils sampling and data from the previous survey and com-
plete it with statistics and other complementary analysis.  
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Fig.1 : Study area with sampled and survey sites   

Fig.2 : Multiscale and multisource data   

Vector : Site info, administratif, 
and natural info ...   

Spectral data : Landsat 7, 8 Sentinel 
1, 2, 3 ,5, ASTER (NIR, color band...)   

Ortho-image : Landsat 7, 8 
Copernicus, CORONA   

Others : SPOT, SRTM (DEM),
Models (precipitation, temperature...)  
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Fig.5 : Soil laboratory analysis   
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Fig.3 : Machine learning schematic functionment   

•	Iraqi Kurdistan in the area of Dohuk ( ≈ 4 000 km2).
•	Over 500 sites have been identified (Fig. 1) and 22 sites sampled.
•	Additional data have been collected through remote sensing or other free available 

datasets (Fig. 2).

•	Soils have been analyzed with classical wet chemistry methods, and additional 
predicted data from near and mid infrared spectra NIR, MIR (Fig. 4). 

•	Machine learning models (Fig. 3) are used to predicted soil properties from envi-
ronmental data (precipitation, temperature...), and clustering or classifying archa-
eological sites data. 

•	Statistics is used to find any correlation between the various data and the type of 
occupation on the site.

•	The soils analysis (Fig. 5) points out soils lightly acid (high pH: 7.2 – 7.35) 
with low nutrient contents and dominated by a sandy-loam, silty-loam and 
clayed-loam texture. This indicates a low capacity for plant growth despite a 
high-water holding capacity (HAZELTON & MURPHY 2016). 

•	Several maps (precipitation, temperature...) have been produced by a pre-
dictive model on machine learning (Random Forests). 

•	Statistics points out a correlation between the clay content and the type of 
site (Fig. 6). There seem to be a significant difference (95% confidence le-
vel) between the clay content in the Hilltop site and both Tell and Blufftop si-
tes (Tab. 1). This correlation points out future possibility in machine learning 
classification or clustering models.

•	Different sampling strategies have been done with statistics forecasting for 
preparing future missions.

Tab.1 : Tukey HSD Table on the relation between clay mesurment and site type  
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Fig.4 : NIR and MIR Spectrum of 66 samples  

ANOVA from clay content (log) on Site classes
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Fig.6 : ANOVA of clay content link to site type   

•	Machine learning (ML) combined with statistics show a clear relation bet-
ween settlement pattern and soils properties for clayed soil. 

•	We assume that ML has a great potential to analyze and better understand 
sites occupations and resources use. However, multi-proxy and multi-scalar 
studies need large data and a wide spectrum of statistical methods, but not 
necessarily at high costs.

•	 In a next step, the application of this approach to settlement patterns and 
sites determination will be tested.
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