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The Sahand Volcanic Region in northwest Iran, within the Urumieh-
Dokhtar Magmatic Arc, hosts numerous hot and cold springs that are
useful for understanding hydrogeochemical processes and geothermal-
system behaviour in volcanic environments. This study characterizes the
hydrogeochemistry of the springs and estimates subsurface reservoir
temperatures to evaluate the area's geothermal potential. In summer 2023,
water samples were collected from four hot springs (31-54 C) and thirty-
four cold springs (20-24 C); temperature, pH and electrical conductivity
were measured in situ, and major ions (Ca, Mg, Na, K, HCO3, SO4, CI)
and SiO2 were analyzed. Hydrochemical facies were classified using
Piper, Durov and CI-SO4-HCO3 diagrams, and reservoir temperatures
were derived from silica and cation geothermometers with the aid of
PHREEQC and AquaChem modelling. The waters show low
mineralization (average TDS about 220 mg/L) and are dominated by a
Ca-HCO3-SO4 facies, reflecting intensive water-rock interaction. Hot
and cold springs share broadly similar hydrochemistry, pointing to a
common source with differing circulation depth and mixing. Quartz
geothermometry yields reservoir temperatures of 88.7-123.2 C,
indicating a moderate- to high-temperature system, whereas cation
geothermometers give unreliable results owing to chemical
disequilibrium, consistent with the immature classification of the waters
on the Na-K-Mg diagram. Saturation-index calculations show
oversaturation with respect to silica and undersaturation with respect to
carbonate and sulfate minerals. Overall
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Introduction

Geothermal systems in volcanic regions
represent  valuable renewable  energy
resources and provide important insights into
subsurface geological and hydrothermal
processes. Hydrogeochemical investigations
and geothermometry are widely used to
determine water origins, evaluate water—rock
interactions, identify mixing processes, and
estimate geothermal reservoir temperatures.
The Sahand Volcanic Region in northwestern
Iran, situated within the Urumieh—Dokhtar
Magmatic Arc, contains numerous hot and
cold springs that offer opportunities to
investigate geothermal activity. However,
understanding the chemical characteristics
and thermal conditions of these springs
requires an integrated analytical approach.
This study aims to characterize the
hydrogeochemistry of hot and cold springs in
the  Sahand region, classify their
hydrochemical facies, identify the dominant
geochemical  processes, and estimate
subsurface reservoir temperatures. Water
samples were analyzed for physicochemical
parameters and major dissolved ions, while
Piper, Durov, and other hydrochemical
diagrams were applied to interpret water
composition. Silica and cation
geothermometers, supported by geochemical
modelling, were used to evaluate reservoir
conditions and geothermal potential. The
findings contribute to a better understanding
of hydrothermal activity, fluid circulation, and

geothermal resource prospects in
northwestern Iran.
Methodology

hemicaDuring summer 2023, water samples
were collected from four hot springs and 34
cold springs in the Sahand Volcanic Region.
Field measurements included temperature,
pH, and conductivity. Major ions and silica
were analyzed clly. Hydrochemical facies
were interpreted using Piper, Durov, and Cl-
SO+~HCOs diagrams. Silica and cation
geothermometers, together with PHREEQC
and AquaChem modelling, were applied to
estimate reservoir temperatures and assess
geothermal potential.

Results and Discussion

The findings highlight the importance of
identifying precise indicators for assessing
deteriorated urban fabric and guiding
regeneration projects. The results indicate that

deteriorated areas in Mahshahr face
challenges related to inadequate
infrastructure, limited urban services, physical
deterioration, and insufficient attention to
social, economic, physical, and environmental
dimensions. The questionnaire data, collected
from 385 residents and analyzed using SPSS
and Excel, were used to evaluate citizens’
perceptions of community-based urban
improvement. The study emphasizes that
urban regeneration can improve residents’
quality of life by strengthening local
participation, encouraging private investment,
supporting small-scale economic activities,
and promoting mixed land use. The findings
also suggest that sustainable regeneration
requires integrated planning and greater
coordination among relevant organizations.
Comparing the results with previous studies
further highlights the significance of physical
improvement, environmental sustainability,
social revitalization, and the preservation of
urban identity. Overall, the study supports the
idea that a community-oriented and
multidimensional  approach to  urban
regeneration can contribute to improving the
quality and sustainability of Mahshahr’s
deteriorated  urban  fabric.  Effective
implementation requires coordinated
interventions that address local needs and
strengthen  residents” involvement in
rehabilitation and future development
planning.

Conclusion

This study integrated hydrogeochemical
analysis and geothermometry to evaluate the
geothermal potential of the Sahand Volcanic
Region in northwestern Iran. A total of 38
spring samples, including four hot springs and
34 cold springs, were investigated. The results
indicate low mineralization, with an average
total dissolved solids concentration of
approximately 220 mg/L. Calcium is the
dominant cation in about 66% of the samples,
while sulfate is the dominant anion in
approximately  58%.  Accordingly, the
prevalent hydrochemical facies is Ca-HCO3-
SO4, suggesting substantial interaction
between groundwater and carbonate- and
sulfate-bearing rocks. The broadly similar
hydrochemical facies of hot and cold springs
indicate a common recharge source, probably
related to  atmospheric  precipitation.
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Differences in chemical composition and
temperature appear to reflect variations in
circulation depth, residence time, and mixing
rather than distinct fluid origins. The CI-SO4-
HCO3 diagram further suggests that some hot
springs are peripheral waters, whereas others
show steam-heated or deeper, more mature
characteristics. Cold springs mostly represent
peripheral waters circulating at shallow
depths. Geothermometric results highlight the
importance of selecting methods appropriate
to the chemical state of the waters. The Na-K-
Mg diagram classifies the samples as
immature,  indicating  that  chemical
disequilibrium and mixing limit the reliability
of cation geothermometers. In contrast, quartz
geothermometry provides more dependable
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