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Accepted:2023/1/8 Environmental and climatic factors have been found to play a fundamental role in
the formation of ancient societies. The Godin III period or the New Bronze Age
(1400-2600 BC) has actually been the most important Bronze Age stage in western
Iran, which played a key role in the cultural structure and urban formation. The main
goal of this research is to reveal the spatial distribution of the Godin III period in
relation to climatic conditions and geography of Lorestan province’s Silakhor plain.
The results of the spatial autocorrelation analysis indicate that the spatial
distribution of Godin III followed a linear cluster pattern, with two climatic factors
of precipitation and vegetation being the most important environmental elements.
The frequently distributed ancient sites of the Godin III period have a spatial
correlation of 0.75 with vegetation in Silakhor Plain showing that more than 75% of
the investigated sites fall into the maximum rainfall category. The results dedicated
that 90% of the investigated sites are located less than 1 km away from permanent
rivers, especially the Silakhor River. Rainfall, vegetation, and surface water sources
have created a linear cluster spatial distribution pattern for ancient sites of the
Godin III period at the lowest elevation level. The results indicate that the lowest
elevation provided the main platform for the Godin IIl period thus there was the
absence of a major threat from the foreign enemy to the mind.
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_ Detection of the Spatial Distribution Pattern of Ancient Sites

Extended Abstract

Introduction

nvironmental factors and elements play a decisive role in the formation and development
of ancient settlements. Analyzing human settlements and ancient sites, concerning
environmental conditions, can play a fundamental role in creating logical inferences and
reconstruction of conditions for archaeologists. The vast and water-filled Silakhor plain
was one of the first places of human settlement after the spread of agriculture. It is natural
that with the emergence of agriculture, vast plains such as Silakhor in the east of Lorestan
were noticed. There are many ancient sites in the Silakhor plain, which housed abundant
people from the first millennia until the fourth century BC., These ancient hills were small
and large settlements that were built on low hills and traps of Silakhor. Other than quick
access to agricultural land, they protected the inhabitants from animals and other people.
The Bronze Age in Iran begins with the third millennium BC (5000 years ago) and
continues until the middle of the second millennium BC. This prehistoric period in Iran is
important due to some developments such as: the emergence of urbanization, calligraphy
and writing in southwestern regions, the emergence of some technologies, including
bronze metal, etc. In this period, environmental elements such as topographic and
physiographic characteristics, access to water resources, especially surface water, and
suitable climate and weather without heat and cold stresses, played an important role in
the formation and development of settlements. Therefore, in this research, the relationship
between the spatial distributions of ancient sites of the Godin III period in the Dorud-
Broujerd plain is investigated in relation to to the structure of environmental features.
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Methodology

The main goal of this research is to reveal and analyze the spatial distribution of ancient
sites of the Godin TII period concerning the environmental conditions in the Dorud-
Burujerd plain (Silakhor plain) of Lorestan province. In this regard, 55 ancient sites related
to Godin III, which were generally on the ancient hills of the two cities of Dorud and
Borujerd, were obtained from the Archaeological Research Institute. These ancient tepes
with UTM-Z39N coordinates were entered into the GIS environment and their location on
the plain was determined. On the other hand, the environmental characteristics of Silakhor
Plain, including its topographic, physiographic and hydrological features, were
investigated. The topographic characteristics, including the slope of sites, as well as their
height, were obtained through the digital height model of the ASTER meter with a spatial
resolution of 30 * 30 meters. Vegetation and land use characteristics of these sites were
obtained from MODIS sensor products of the TERRA satellite. In general, the vegetation
status of the region was obtained from the average of the statistical period of 2020-2000,
the growth period of the region (May to September), the NDVI index of the MOD13A 3
product of this sensor, and the land cover layer was obtained from the
MCD12Qlcomposite product of the same sensor. The hydrological characteristics,
including the distribution of surface water were obtained from the regional water
company. Finally, the amount of annual precipitation as a climatic factor of water supply
in the region was also obtained from the 20-year average data of two Dorud and Borujerd
stations, as well as the gridded precipitation data of the WORLDCLIM database. Finally,
the communication structure between ancient sites concerning these factors was obtained
by implementing proximity and accessibility functions, and a cross-matrix analysis.
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Results and discussion
The overall results of this research showed that the pattern of the spatial distribution of
settlements of the Godin III period in the Silakhor plain was in line with the complete
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dependence on the facilities and resources of the plain. In this research, it was seen that
two factors of precipitation and vegetation showed a direct relationship with the frequency
distribution of ancient sites in the Silakhor plain. The correlation between vegetation types
with the frequency distribution of Godin III sites in the Silakhor plain was 0.75, which had
a confidence level of 0.95. On the other hand, the results indicated that 90% of the studied
sites (49 out of 55) are located less than 1 km from the permanent rivers of the plain,
especially the Silakhor River. Therefore, this issue shows that surface water sources played
a key role in the spatial distribution of ancient sites in the Dorud-Borujerd plain. These
three factors, i.e. rainfall, vegetation, and surface water resources, which are three similar
and interdependent factors, had created the dense and linear spatial distribution pattern of
the ancient sites of the Godin III period at the lowest altitude level of the plain (altitude
less than 1500 meters, which is considered to be the floor of the Silakhor Plain.
However, in terms of topographical factors, the results showed that the lowest altitude
level of the Silakhor Plain (1200-1500 meters) which has the lowest slope and the
smoothest has been landed (slope less than Sdegrees) provided the main platform for the
establishment and development of the ancient sites of the Godin III period, which in a
way reminds us of the absence of a major threat from the foreign enemy.

Conclusion

The lowest elevation level of the Silakhor plain provided the main platform for the creation
of ancient sites of the Godin III period, suggesting the absence of a major threat from the
foreign enemy. In general, the results of this research indicate that environmental factors,
especially the elements related to the security of food and water sources, including
vegetation, and permanent river networks on the plain, are key in creating a dense linear
structure for the distribution of settlements in Godin III.
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Figure 2. General Moran's spatial autocorrelation model on the spatial distribution of ancient sites of the Godin III
period in the Silakhor plain.
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Figure 3. Spatial distribution of Godin III ancient sites in the elevation levels of Silakhor Plain
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Table 3. Distribution of the number of ancient sites of the Godin III period in the Silakhor plain in the elevation levels

of the plain
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Figure 4. The distribution of the number of ancient sites of the Godin III period in the Silakhor Plain in the elevation

levels of the plain.
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Figure 5. Spatial distribution of ancient sites of the Godin III period on the slopes of the Silakhor Plain
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Table 4. Distribution of the number of ancient sites of the Godin III period on the slopes of the Silakhor Plain

M QM‘::;.,?ZC}L): 111 ;yﬁ;—f 593 Sl glacslu sl G}}J R4 Jﬁ..:

Sl sl culis sl
N Iy
o o

o
L

<8 8_12,s o ctaw 15_25 >25

Figure 6. Distribution of the number of ancient sites of the Godin III period on the slopes of Silakhor Plain
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Figure 7. Spatial distribution of ancient sites of Godin III period in different land cover classes of Silakhor plain
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Table 5. Distribution of the number of ancient sites of the Godin III period in the levels of land cover classes of the
Silakhor Plain
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Figure 8. Distribution of the number of ancient sites of the Godin III period in the levels of land cover classes of the
Silakhor Plain
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Figure 9. Spatial distribution of ancient sites of the Godin III period in different vegetation layers of the Silakhor Plain
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Figure 10. Spatial distribution of ancient sites of Godin III period in different rainfall zones of Silakhor plain
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Table 6. Distribution of the number of ancient sites of the Godin III period in the rainy areas of the Silakhor Plain
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Figure 11. Distribution of the number of ancient sites of the Godin III period in the rainy areas of the Silakhor Plain
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Figure 12. Spatial distribution of the ancient sites of the Godin III period in relation to the surface water resource
networks of the Silakhor plain
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Table 7. Distribution of the number of ancient sites of the Godin III period in relation to the surface water resources
networks of the Silakhor Plain

5N s e O b glaasi b bla sl s IIT (s S 6555 il glaculu sliss s AT S8
30 -
25 —
20 —
15
10

Sl b ol olaxs

5
0 + - F | |

<300 300-500 500-800 800-1200 @ >1200
om oo O i 31 alols

Figure 13. Distribution of the number of ancient sites of the Godin III period in relation to the surface water resource
networks of Silakhor plain
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Table 8. Correlation matrix between the spatial distribution of ancient sites of the Godin III period in
relation to environmental factors at a confidence level of 0.95 (P_value=0.05) in the Silakhor plain
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