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Ancient Hills, SWARA Introduction

Model, MACBETH The study of factors influencing the formation and decline of civilizations requires an
Model, Maragheh analysis of environmental, social, and cultural interactions. Natural factors such as
County, East topography, water resources, and geology have played a key role in the settlement of
Azerbaijan. ancient societies, which can be identified through the examination of spatial and

temporal patterns of habitation. The historical relics of Maragheh County, as a rich
example of pre-Islamic and post-Islamic civilizations with a history spanning over
7,000 years, underscore the significance of natural resources and geographical location
in civilizational development. The ancient mounds of this region, ranging from the
Paleolithic era to the llkhanate period, reflect diverse histories and cultures,
necessitating further research and conservation efforts. The lack of comprehensive
studies in this field highlights the urgent need for meticulous planning to preserve and
better understand this valuable.

Methodology

Maragheh County, covering an area of 2,186 square kilometers, constitutes 4.48% of
the total area of the province and ranks 13th among its counties in terms of size.
Geographically, it is located between the coordinates 37°00'26" to 37°44'12" N latitude
and 46°10'03" to 46°43'09" E longitude. To analyze the distribution patterns of the
county’s archaeological mounds, their locations were identified based on existing data.
For the research objectives, variables such as slope, slope direction, elevation classes,
distance from rivers, distance from aqueducts, distance from springs, lithology, soil,
and land use were considered. Additionally, geological, pedological, and land-use
Received: 2025/01/20 maps, along with a Digital Elevation Model (DEM) with a spatial resolution of 12.5
Accepted: 2025/03/08 meters, were utilized.
Published: 2024/10/20 The MACBETH and SWARA models were then applied to determine the impact of
: each criterion, and Geographic Information Systems (GIS) were employed to produce
the required maps. These resources were used to explore the relationship between
geographical elements and the distribution of ancient settlements, aiming to uncover
the connections between environmental factors and archaeological site distribution.
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Results and Discussion

After collecting the SWARA and MACBETH model questionnaires, the necessary analyses were conducted.
The results indicate that in both models, elevation classes have the highest weight, while the distance from
aqueducts has the lowest. Following the preparation of standardized maps for each criterion and the
application of their respective weights, the final output was obtained.

The map derived from the SWARA model reveals that highly suitable and suitable zones comprise 29% and
25% of the region, respectively, while moderately suitable, unsuitable, and highly unsuitable zones account
for 16%, 19%, and 9%, respectively. In contrast, the MACBETH model indicates that highly suitable and
suitable zones cover 19% and 25%, respectively, while moderately suitable, unsuitable, and highly unsuitable
zones constitute 17%, 22%, and 15% of the region.

Validation results show that, in the SWARA model, 51, 19, and 7 of Maragheh’s archaeological mounds are
located in highly suitable, suitable, and other zones, respectively. In comparison, the MACBETH model’s
map places 35, 20, and 22 of the archaeological mounds in highly suitable, suitable, and other zones,
respectively

Conclusions

To achieve the research objectives, variables such as slope, slope direction, elevation classes, distance from
rivers, distance from aqueducts, distance from springs, lithology, soil, and land use were considered. The
impact of each criterion was then determined using the MACBETH and SWARA models. The results from
both models revealed that elevation classes, distance from rivers, and slope have the highest weights, while
the distance from aqueducts has the lowest.

The analysis of the map produced by the SWARA model indicates that highly suitable and suitable zones
account for 29% and 25% of the area, respectively, whereas in the MACBETH model, these zones cover 19%
and 25%, respectively. In the SWARA model, 51 archaeological mounds are located in highly suitable and
suitable zones, while in the MACBETH model, 35 mounds are found within these zones.

Therefore, it can be concluded that the SWARA model demonstrates better performance than the MACBETH
model in this region.
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Figure (1): Location of Maragheh County in East Azerbaijan Province
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Figure (3): Map of the location of ancient hills based on slope criteria, elevation classes, soil, and slope direction in Maragheh County.
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Figure (4): Map of the location of ancient hills based on the lithological criteria of Maragheh County

Sl ailaie )3 aslie el (SLul Slodd 5 03 (o yiien &5 (0 JSB) was oo a5 (2] 4BE ow) i 0
S &ald (555 el et (Jlod Slaid oSl 32y b iall (oo Eb T o2 S 5 S <L lagie (59, g2 B 5
E9o50 (nl g Conl 48,5 18 dilaie (ul 55 (5590 @olo &) 4F S add el Jlo )95 5 (28 g oo Bilie 5l g Ll oal Al
QS Lo a5 atuilyis (a8 @lhe 3929 o de (o) g 0L £l ] gzmen (loniiS dgaome Jalge 45T ol Zuadly (nl SOl
4 glals 1o T Jad poks corge Cul (S 5 0I5l 355 4 (Fu)l sla abgome 5 olSUsS il sl LSl yo 1,
gy ol RYs aS o ls la Eb GBIkl js Sbisl slaas 35,05 ,Silas (ool)l (65 Abis (o) izmed sl 0ad 3 (55 ,9LaS
e Jled oyl (o5 (S 5l (S oS bl (54l adlate SLbI s Slinl 4l 6 pSeda ol il el 53 LG ol
Al Sl SOLES woad Qlil canly Glgie 4 (Sae sl (Al (Fu)U 0)99) GUBLT 095 50 ¢ @l 1 ey 5 Sanl 2

)10 (5 sloelKigS JLS yo Slisl sla 4 il gl o] coliz

65



\f'?};\a‘Lff.a)uc\“.e)}:4‘55}1})}&}553).\:.&

ol Kad g ghomo Juol w9 33 (258198908359 0ed Julge i (w2

a0 liw e )0 (281l 621 Hlro (595 31 Ll b 4 | il Al :(8) S5
Figure (5): Map of the location of ancient hills based on land use criteria in Maragheh County
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Figure (6): Map of the location of ancient hills based on the criteria of distance from the aqueduct, distance from the spring, and

distance from the river.
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Figure (7): Map of the location of ancient hills based on the distance from the road.
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Figure (8): Weight chart of effective criteria in the formation of ancient hills in Maragheh County
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Figure (9): Map of highly favorable and favorable areas for the establishment of ancient hills in Maragheh County
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Figure (10): Percentage plot of area of zones resulting from SWARA and MACBETH models
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Figure (11): Validation map resulting from SWARA and MACBETH models
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