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Abstract

Traditional archaeological surveys in forested landscapes are often limited by cost, time, and poor visibility.
This study develops a predictive model to locate Middle Paleolithic sites within the forested regions of west-
ern Mazandaran, northern Iran, particularly in Nowshahr and Chalus counties. Using a combination of geo-
logical, topographical, hydrological, and environmental vatiables, the model applies fuzzy logic within
ArcGIS 10.8 to determine zones of high archaeological potential. Two previously discovered open-air Paleo-
lithic sites, Bandpey and Mashelak, were selected for calibration. Their environmental characteristics, such as
geology, slope, elevation, vegetation, and proximity to water sources, were used as the primary locational
indicators. Geological factors, especially the presence of limestone and chert formations within the Tizkuh
Formation, emerged as the most influential determinants of settlement distribution, while slope aspect ex-
hibited the least impact. Each environmental layer was normalized on a fuzzy scale (0—1) and combined using
the Gamma operator to produce a composite predictive map. The resulting model classified the region into
five probability zones, ranging from very low to very high potential. Approximately 10-11% of the study area
exhibited strong suitability for Paleolithic habitation, primarily in zones with favorable lithology, moderate
slopes, and reliable water access. This research demonstrates that GIS-based fuzzy modeling offers an effec-
tive, data-driven approach to archaeological prospection in densely forested environments where field acces-
sibility is limited. The integration of geological, climatic, and topographical data not only enhances the effi-
ciency of archaeological surveys but also provides a methodological framework applicable to similar prehis-

toric landscapes across northern Iran and beyond.
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Introduction

The northern slopes of the Alborz Mountains pose considet-
able challenges for locating Paleolithic sites due to dense vegeta-
tion, continuous sedimentation, and limited surface visibility.
These geomorphological dynamics have buried many open-air
sites beneath thick deposits, reducing the probability of discovery.
For example, the Baliran site in Amol County was found under 16
meters of sediment, illustrating the immense difficulty of identify-
ing prehistoric layers in such contexts (Vahdatinasab et al., 2014).

Despite these challenges, the region served as a crucial corri-
dor for human migration during the Paleolithic period. The thick
Hyrcanian forests and high sedimentation rates complicate field
investigations and increase costs and time requirements. Conse-
quently, traditional survey methods are often inefficient for un-
covering buried or eroded archaeological remains. To address
these challenges, predictive modeling provides a valuable meth-
odological alternative. By integrating environmental and geologi-
cal datasets, such models estimate the likelihood of site occur-
rence without extensive ground surveys.

As suggested by Scianna and Villa (2011), this approach is es-
pecially useful in areas where surface evidence is scarce. The pre-
sent study aims to construct a spatially explicit predictive model
capable of identifying areas with high potential for Middle Paleo-
lithic occupation. Geological, paleoenvironmental, and topo-
graphical variables were combined in a GIS framework to analyze
relationships between environmental conditions and site distribu-

tion in Nowshahr and Chalus counties of western Mazandaran.

Methodology
Identified Paleolithic Sites: Bandpey and Mashelak

The Bandpey site, located five kilometers east of Nowshahr
and 2.5 kilometers from the Caspian Sea, lies at an elevation of
530 meters on limestone formations of the Cretaceous Tizkuh
Formation. Its steep northern slopes, reaching up to 35 degrees,
and its lithological composition of chert, dolomite, and conglom-
erate veins indicate its suitability for tool production.

Mashelak, located six kilometers west of Bandpey near the
Mashelak River, rests at 156 meters above sea level with slopes of
5-25 degrees. The site lies within dense Hyrcanian forest domi-
nated by hornbeam, beech, oak, and ironwood. It also rests on the
Tizkuh Formation, comprising matl, chert, and basaltic veins.

Both sites yielded Middle Paleolithic lithic assemblages, suggest-

ing they were occupied during similar cultural phases. Environ-
mental similarities between these two sites- proximity to water
sources, moderate slopes, and access to raw materials- were cru-

cial for defining predictive variables in the modeling process.
Modeling in the Forested Regions of Nowshahr and Chalus

The modeling process consisted of two main stages: data col-
lection and spatial analysis. Archaeological coordinates of
Bandpey and Mashelak were entered into ArcGIS and correlated
with environmental vatiables, including slope, aspect, elevation,
solar radiation, distance from rivers, geology, vegetation, and soil
type.

Environmental datasets were derived from a 12.5-meter reso-
lution Digital Elevation Model (DEM) obtained from the USGS.
All data layers were converted to shapefiles and integrated into a
spatial database. Each variable was reclassified into five categories
using the “Reclassify” tool, and then normalized through the
“Fuzzy Membership” function to produce continuous suitability
values between 0 and 1. Weighted overlays were applied according
to each variable’s influence, as determined by previous studies and
empirical observation. Geological formations, proximity to rivers,
and slope were assigned higher weights due to their strong corre-
lation with settlement location. The “Fuzzy Overlay” tool with
the Gamma operator was then used to combine the weighted lay-

ers and generate a final predictive surface.
Results

The resulting map divided the study area into five suitability
classes: very low, low, moderate, suitable, and very suitable. This
classification highlights the environmental parameters that most
influenced prehistoric settlement patterns across the forested

landscapes of western Mazandaran.
Discussion

The final predictive model, generated using fuzzy logic in
ArcGIS, effectively delineates high-probability zones for Middle
Paleolithic habitation. Geological formations emerged as the
strongest determinant of site distribution, while slope aspect
showed minimal effect. This pattern reflects the adaptive behavior
of prehistoric humans, who selected settlements near raw material

sources, freshwater access, and stable terrain.

Conclusion
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The final suitability map revealed that approximately 11% of
the Nowshahr—Chalus region holds high potential for Paleolithic
settlement. These favorable zones correspond to areas containing
carbonate and karstic rocks suitable for lithic production, moder-
ate slopes facilitating mobility, and humus-rich soils supporting
vegetation and fauna.

The study demonstrates that predictive modeling using GIS
and fuzzy logic offers a powerful methodological framework for
archaeological research in geomorphologically complex and heav-
ily forested areas. By integrating multiple environmental and geo-
logical variables, it significantly reduces survey costs and time
while improving the precision of site location forecasts. This ap-
proach can be applied to other prehistoric landscapes across
northern Iran and similar regions worldwide, enhancing our un-
derstanding of human adaptation and settlement dynamics in for-
ested ecosystems. Each of the variables influencing human settle-
ment during the Paleolithic period was converted into a fuzzy
layer in the ArcMap environment by applying the appropriate

fuzzy operator, in order to evaluate the suitability of each variable

on a fuzzy scale ranging from 0O to 1. In the second stage, the eight
selected variables were integrated using the GAMA function to
produce a final layer that identified suitable and unsuitable areas
for Paleolithic settlement in the two counties of Chalus and Now-

shahr, Mazandaran Province.
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Figure 6. Elevation map of the study area
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Figure 5. Geological map of the study area
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Figure 7. Slope map of the study area
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Figure 9. Map showing the study area in relation to solar radiation angle.
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Figure 10. Soil map of the study area.
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Table 10. Summary of Final Model Classification
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Figure 12. Vegetation cover map of the study area
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Table 9. Area and Percentage of Pixels across Vegetation Cover Classes
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