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Sulfur and Thermal Springs, cold. Geological, hydrogeologlca}l, hydrogeochemlca}l and |sotop|c studies V\{ere
Stable Isotopes, performed to compare and determine the factors affecting the physical and chemical
ﬁg'rf]a;erg/eigggt'on- properties of these springs. Monitoring of the springs, including measurement of

discharge, temperature, acidity, amount of hydrogen sulfide gas, dissolved oxygen in
the field, and analysis of major ion chemistry, was conducted monthly for two years.
Deuterium and oxygen-18 stable isotopes were measured during two dry and two wet
periods to determine the source of the water. Field studies have shown that the
geology of the eastern and western regions of Ilam Province is different. Deep faults
have affected the western regions, and some calcareous formations have changed
facies so that they have anhydrite members. The deep faults of the western regions
of Ilam Province have caused the hydraulic connection of karst formations with the
old and lower evaporite formations. The ratios of Na/Cl, SO4/Cl and TDS/Br showed
that the salinity of the sulfur springs originates from the dissolution of evaporite
formations and is not related to the oil field brines. The results of stable isotope
analysis of deuterium (?H) and oxygen-18 (**0) in thermal and sulfur springs showed
that the origin of these springs is the local meteoric precipitation. The origin of
hydrogen sulfide (H.S) of sulfur and thermal springs was attributed to the activity of
sulfate-reducing bacterias. According to the hydrograph of the springs, rainfall
affects the discharge increase of fresh and cold springs less than one month; while,
the discharge of sulfur and thermal springs increases about two months after rainfalls.
In other words, the infiltrating waters that recharge the sulfur springs have a deep
circulation. Therefore, the high temperature of the springs in the western regions of
Illam Province is attributed to the deep circulation of infiltrating waters from local
precipitation along the faults.
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EXTENDED ABSTRACT

Introduction
Karst springs in the western and eastern

regions of llam Province have different
physical and chemical characteristics. The
springs in the western regions are sulfuric and
thermal with high salinity, while the springs in
the eastern regions are fresh and cold. So far,
no studies have been conducted on the
mechanisms affecting the quantity and quality
of sulfuric and thermal springs in llam
Province. The aim of this study is to determine
the origin of sulfuric and thermal springs in
Ilam Province using hydrogeochemical and
isotopic methods and to investigate the
differences between the physicochemical
properties of these springs and freshwater
springs in the eastern regions of the province.
Material and methods

In this study, the physicochemical
characteristics of thermal and sulfur springs
and some freshwater springs were monitored
monthly for two years (October 2017 to
September 2019). The monitoring of springs
included the measurement of discharge,
temperature, acidity, amount of hydrogen
sulfide gas, and dissolved oxygen in the field,
and the measurement of concentrations of
major ions and trace elements. Stable isotopes
of deuterium, oxygen 18, and sulfur 34 were
measured in two periods (dry and wet). Field
studies for geological studies including
lithology, stratigraphy and structure of the area
were conducted. After collecting data, Arc
Map, Global Mapper, AquaChem, Visio and
Excel software were used to prepare maps,
composite diagrams and block diagrams to
determine the origin of salinity, temperature
and hydrogen sulfide of thermal and sulfur
springs. The reservoir temperature of thermal
springs was  estimated using the
geothermometric method. The hydrographs of

sulfur springs were drawn from the discharge
measurements and compared with the
hydrographs of freshwater springs. The
hydrogeological behavior of the springs was
analyzed. Finally, the conceptual models of
springs in llam province are presented.
Results and discussion

Field studies showed that the geology of
the eastern and western regions of llam
Province is somewhat different. So that some
limestone formations such as Asmari
Formation have changed facies and contain
anhydrite members. Furthermore, there are
few faults in the east of llam Province, but in
the west of this province, several main faults
exist. The western faults of llam Province have
caused hydraulic connections between Ilam
and Sarvak limestone formations and deep
seated evaporite formations. The average
values of discharge, temperature, and EC of
the sulfur springs are 10 to 1500 I/s, 23 to
41°C, and 1100 to 75000 pmohs/cm,
respectively. The ratios and diagrams of
Na/Cl, SO4/CI, (Ca+Mg)/SOs, (Ca+Mg)/SO4
to Na/Cl, and TDS/Br showed that the salinity
of the sulfur springs originated from the
dissolution of evaporite formations and was
not related to the oilfield brines. The
maximum temperature of the thermal and
sulfur spring reservoirs was estimated to be
77.8 °C using silica geothermometer. This
temperature is related to the depth of 1.87 km.
Comparison of deuterium (?H) and oxygen 18
(!80) stable isotopes in sulfur and thermal
springs with rainwater samples showed that
the amount of these isotopes in the springs is
less depleted. The depletion of these isotopes
in sulfur springs indicates that the recharge
area of these springs is situated in high
elevations. The origin of hydrogen sulfide
(H2S) of sulfur springs was attributed to the
activity of sulfate-reducing bacteria. Sulfur 34
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(3*S) isotope showed that the origin of sulfate
ion in sulfur springs is evaporite formations.
According to the hydrograph of the springs,
precipitation caused the increase of the
discharge of fresh and cold springs in less than
one month, while the discharge of sulfur and
thermal springs increases with about two
months delay.

Conclusion

Infiltration of water into formations
containing shale layers in llam Province
causes the consumption of dissolved oxygen
and creates suitable conditions for the activity
of sulfate-reducing bacteria (SRB). Therefore,
these bacteria reduce sulfate to sulfide and
produce hydrogen sulfide. Shale layers have
very low permeability, so water in these layers
usually infiltrates along faults and fractures.
Due to the fact that there are more faults and
fractures in the western regions of llam
Province, sulfur springs have been formed in
these areas. In addition, some deep faults in the
western regions have caused hydraulic
connection between karstic formations and old
and lower evaporitic formations, therefore, the
dissolution of evaporites has increased the
salinity of infiltrating waters in these areas.
The infiltrating waters that recharge the sulfur
springs often have a deeper circulation than
the freshwater springs. Therefore, the high
temperature of the springs in the western
regions of Ilam Province could be attributed to
the deep circulation of infiltrating waters from
local precipitation along the faults.
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Table 1. Results of measurements and chemical analyses of fresh water springs.
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Table 2. Results of measurements and chemical analyses of sulfur and thermal springs.
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Table 3. Average temperature of sulfur springs, average environment temperature, and temperature difference
between environment and springs (°C)
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Table 4. Isotopic analysis results of sulfur springs samples.
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Fig. 7. Piper diagram of freshwater and sulfur springs of llam province.
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Fig. 9. TDS/Br relationship diagram of Ilam province sulfur springs.
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Table 5. Estimation of geothermal reservoir temperature for sulfur springs using silica

geothermometers.
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Fig. 11. Monthly fluctuations discharge of Changleh sulfur spring (a) and Sikan fresh water spring (b).
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Fig. 12. Geological cross section of Kabirkoh anticline and conceptual model of llam province fresh water
springs in llam-Sarvak hydrogeologic unit (Sikan and Abdanan springs, fresh water typical springs in Ilam and

Sarvak formations)
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Fig. 13. Geological cross section central area of Siahkoh anticline and conceptual model of Ilam province sulfur
springs in llam-Sarvak hydrogeologic unit (Dehloran spring, typical of sulfur springs in Ilam and Sarvak

formations)
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Formation
] Ghachsaran (evaporite and red marl)

] Asmari (limestone)
[ Pabdeh-Gurpi (marl and shale)
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Fig. 14. Geological cross section of Laneh anticline and conceptual model of llam province fresh water springs
in Asmari hydrogeologic unit (Sarableh spring, fresh water typical spring in Asmari formation)
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Fig. 15. Geological cross section eastern area of Siahkoh anticline and conceptual model of Ilam province sulfur
springs in Asmari hydrogeologic unit (Doiraj spring, typical of sulfur springs in Asmari formation)
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