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1-Introduction

The study area is located between Baft and Golzar cities of the Kerman Province of Iran. From the perspective
of central Iran structural sedimentary units (Aghanabati 2006), the study area is located in the southern part of
Central Iran, and the magmatic belt of Urumieh-Dokhtar (Dehaj-Sardouieh) and has hydrothermal resources. In
addition to having numerous economic benefits, the development of hydrothermal resources, the development
of engineering structures and structures such as water transfer tunnels in areas with high-temperature
hydrothermal fluids, water and rock interaction, and the presence of toxic elements require special attention.
Due to the decision of the local government to dig a water transfer tunnel in the study area and the potential for
water pollution by hydrothermal sources and due to some hydrothermal evidence such as mineral springs / hot
springs and artesian wells containing hydrogen sulfide and carbon dioxide, travertine deposits, porphyry
systems, volcanic activity and igneous rocks, assessment of subsurface development of hydrothermal vents are
important to understand the development of these resources, ascending flow situations and hypogene karst. The
study area in terms of lithology includes sedimentary, volcanic layers, various volcanic rocks such as igneous
rocks, ignimbrite, lavas, rhyolite basalt intrusions, a combination of gabbro to granite rocks, between volcanic
layers with volcanic rocks and limestone. In this study, with the help of remote sensing techniques and images
of Landsat8 and Aster satellites, to prepare geological and structural geological maps, siderite mineral
distribution, and ground surface temperature (LST) calculation as their overlap maps along with serial visits for
analysis. The detection of subsurface development of hydrothermal resources was used to predict ascending,
and possible hypogene karst flows in the tunnel route and adjacent points. This study's results can help make
management decisions including operations, protect the tunnel against intrusion and polluted water, and increase
the tunnel's useful life.

2- Material and methods

Numerous researchers use RS techniques in vast fields such as agriculture monitoring, recognition of minerals
and alteration zones, structural geology and rock detection, identification of hydrothermal alteration,
Karstification, Karst geohazards and their destabilizing, and LST (Ashley and Abrams, 1980; Hellman and
Ramsey, 2004; Oommen, 2008; Charif, 2013; Theilen-Willige et al., 2014; Zarei et al., 2016). In this study, five
steps have been taken. They include: A- preparing geological and structural maps to recognize and discriminate
rocks, faulting, and folding (Anticline and Syncline).

B- A few days field trip was conducted to make a surface geological reconnaissance of the area and the
surrounding, visiting the tunnel's pathway, detecting some ground control points such as spas, travertine
deposits, and artesian wells and boreholes, and verifying the geological and structural maps.
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C- Preparation, correction for radiometric and atmospheric errors, resampled, geo-referenced of the images, and
preprocessing of the ASTER and Landsat-08 satellite images of 2006, 2013, and 2019 years were carried out.
D- Processing of the satellite images, identifying the siderite mineral distribution, and calculating the LST. E-
Integrating the results of the above steps (01-04) and the collected results interpreted, based on the area's
condition using GIS and ENVI software's.

3- Results and discussion

Based on the prepared maps, various types of rocks, including igneous, sedimentary, volcano-sedimentary, and
carbonate, were recognized. It was also unveiled that tectonic forces such as faulting, folding (anticline and
syncline) have an important impact on the displacement of rocks and influence hydrothermal and groundwater
movement in the study area.

The siderite mineral commonly exists in the north and some parts in the south of the study area. The siderite
mineral formation is important because it identifies the development of hypogene karsts and subterranean
caverns (Kempe, 2009). It can occur in different sizes and depths. In the presence of water and COz, this mineral
can produce goethite deposits and carbonic acid and then start to dissolve to make an underground cavity
(Koziol, 1999). Goethite is derived from the siderite mineral, and both are Fe-minerals. The presence of Iron
and particularly goethite, has been confirmed by some researchers in the Urumieh-Bazman Belt (Haghighi et al.,
2017), which supports the present collected results.

Calculating the LST through the ASTER image and having SWIR bands, and using the high temperature of
hydrogeological resource and their impact on the surrounding rocks, we collated conclusive data concerning the
location of the spas and the artesian wells. Ultimately, the geological, structural features, siderite mineral
distribution, and the LST maps significantly overlapped.

4- Conclusion

In general, the overlaying of geological and structural elements, the siderite mineral distribution, and the LST
maps indicated desirable results, which include; the hydrothermal resource has been developed in the area, and
except for the carbonate rocks, such progress is more under the influence of tectonic forces (massive fracturing
and faults) rather than lithology. The evidence proves the siderite mineral formation, and other researchers have
confirmed it. The parameters such as the high-temperature points, faults, and high-density jointed areas and
mineral distribution locations depicted significant overlapping and good adaptability. Therefore, the hypogene
karstic process's occurrence, due to good overlapping and particularly in areas with limestone, sedimentary,
volcanic, and volcano-sediments rocks, is more expectable.

Hence, in some parts of the conveying water tunnel, where crossing faults, high density of joints and the rocks
(limestone, sedimentary, volcanic and volcano-sediments), the lining practice has to be undertaken with due
care and attention to protect the tunnel water against polluted waters, especially in the south portal and on 10-14
km of the water conveyance tunnel length.
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Water Company, 2016).

Table 1. Important structural and tectonic elements of the study area. Modified after Khademi et al. (2010),
Zamani (2015), and Kerman Regional Water Company (2016).
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Table 2. Hot and saline springs and artesian boreholes in the study area.

Row Source name X Y Temprature (°C)  Ec (umhos/cm) pH TDmSg(/}ﬁ)o ¢
1 Shirinak hot spring 500707 3265846 19/7 5450 7/1 4010
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3 Borehole BH5 495290 3257819 25/1 1475 717 1010
4 Borehole BH9 497037 3267105 20/7 5610 6/7 4195
5 Shirinak Artesian well 499881 3266339 19/8 590 6/6 1856
6 Shoor Spring 495050 3248967 19/4 930 7/8 685
7 Khormoj Spring 480682 3264620 - 360 6/8 234
8 Laleh zar hot spring 466536 3273968 40/5 3700 7 2610
9 Bidrmashk hot spring 513716 3252390 - 696 7/3 452
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Table 3. Values and coefficients used in
relationships.

Band 10 Band 11
Gain 3/3420*10-4 3/3420*10-4
Offset 0/1000 0/1000
K1 774/8853 480/8883
K2 1321/0789 1201/1442
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Fig. 2. (a) Comparison between QUAC and FLAASH algorithms and (b) Atmospheric correction (Bernstein et

al., 2012).
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Emissivity = 0.004% PV + 0.986 (4 abal)

Emissivity corrected for soil NDVI < 0.2=0.97 (\+ all))
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Emissivity corrected for 0.2 < NDVI <0.5 = emissivity
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Fig. 3. (a) Location of study area and (b) Predicted siderite mineral distribution map by Landsat images 2019
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Fig. 6. Prediction LST map of the study area by Aster image.
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