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Article Info Abstract

Keywords: The Taftan region in Sistan and Baluchestan, with its diverse natural features
Geotourism including mountains, valleys, springs, caves, and natural lakes holds significant
Taftan geotourism and ecotourism value. In this study, satellite imagery and Google
ASTER image Earth were employed as remote sensing technologies to identify the locations of

mineral springs and to develop a geotourism map of these geothermal features.
The band ratio technique, one of the effective methods used in multispectral
ASTER imagery, was applied to enhance minerals associated with the
depositional zones of mineral springs and to map the vegetation cover within the
area. Following the enhancement of calcite, gypsum, jarosite, and
opal/chalcedony minerals, potential mineral spring locations were prioritized
based on the presence or absence of these minerals and the distribution of
vegetation. The results of mineral and vegetation enhancement, along with the
potential mineral spring zones, were subsequently transferred to Google Earth,
where the definitive locations of the mineral springs were visually identified. In
the final stage, a geotourism map of the mineral springs was produced based on
their precise locations and flow paths. Prioritizing areas according to mineral
presence and vegetation cover significantly improved the speed of detecting
mineral spring locations on the slopes of Mount Taftan and around Lake Lavan.
Additionally, incorporating the visual characteristics of spring-related deposits
and the presence of water flow at each site improved the accuracy of mineral
spring identification and the delineation of geotourism routes associated with
Taftan’s geothermal springs. The resulting geotourism map of the Taftan mineral
springs will play an important role in planning geotourism development and
facilitating travel planning for tourists and mountaineers visiting Mount Taftan.

Google Earth

*Corresponding author: Aliyeh Seifi

Email: aliyeh.seifi@birjand.ac.ir

https://doi.org/10.48306/jgrs.2025.549139.1020

Received November 2024; Accepted December 2024

©2025 Graduate University of Advanced Technology, Kerman, Iran. This is an open article under the CC BY-NC-SA 4.0
license (https://creativecommons.org/licenses/by-nc-sa/4.0/)

96


mailto:aliyeh.seifi@birjand.ac.ir

Seifi & Hosseinjanizadeh Journal of Geological Remote Sensing 2024, 2 (1); 96-112

Extended abstract
1- Introduction

The Taftan region in Sistan and Baluchestan is rich in natural and geological features, including
mountains (Panj Angosht, Jamchin, and Taftan volcano), valleys (Tarshab, Tamin, Kousheh, and Gol),
springs (Dehpabid, Sangan, Taftan, Panahgah, and Paylak), and caves (Puseh and Ladiz), making it a
significant area for geotourism and ecotourism. The region’s stunning landscapes, scenic beauty,
mineral springs, and sulfur gas emissions from the mountain’s heights and slopes combine to create
excellent opportunities for geotourism and mountaineering activities. Since field studies in areas with
geotourism potential have not been efficient in terms of time and cost, geotourism surveys can instead
be conducted by identifying existing surface indicators such as vegetation presence, specific
mineralogy and lithology, and distinct morphology through remote sensing. Therefore, this study will
utilize satellite images and Google Earth as remote sensing technology to locate mineral springs and
their access routes, as well as to develop a geotourism map of the mineral springs. Taftan volcanic
mountain is situated at the intersection of Taftan, Mirjaveh, and Khash counties in Sistan and
Baluchestan province, in southeastern Iran. Surrounding Taftan Mountain are well-known tourist
villages named Tamin and Tamandan. Notable features of Taftan volcano include sulfur gas emissions
(fumarole), mineral springs, and acidic waters.

2- Methodology

The locations of the springs were identified through observations on Google Earth, and their access
paths were established by following the water flow and waterways. These paths constitute the
geotourism routes of the Taftan mineral springs. These routes will be valuable for the Cultural Heritage
and Tourism Organization of Sistan and Baluchestan Province in planning the development of
geotourism around the Taftan mineral springs. Additionally, they will serve a key role in organizing
trips to Mountain Taftan for both tourists and mountaineers. This study utilized cloud- and snow-free
ASTER sensor images from the Taftan region dated June 19, 2007, to identify minerals related to
mineral spring deposits and to map regional vegetation. Log residuals calibration was applied to the
ASTER data to correct for solar radiation, atmospheric transmission, instrument gain, topographic
effects, and albedo. Based on previous research by Moore et al. (2005) on Taftan's mineral springs,
minerals such as calcite, gypsum, jarosite, and opal/chalcedony were identified as indicators of these
deposits. The band ratio technique, effective for detecting geological features in multispectral images,
was employed to highlight these minerals. Calcite was identified using the band ratio method from
Ninomiya (2003), while gypsum, jarosite, and opal/chalcedony were detected following the band ratios
from Seifi et al. (1401). Vegetation mapping was conducted using the Normalized Difference
Vegetation Index (NDVI). After highlighting, areas with the highest concentrations of the specified
minerals and vegetation around Taftan Mountain were prioritized to infer probable mineral spring
locations based on their presence or absence. These highlighted mineral and vegetation zones, along
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with prioritized areas, were imported into Google Earth for visual inspection to confirm mineral spring
locations. Finally, geotourism routes were established based on the identified mineral spring sites.

3- Results

Taftan Mountain, known for its fumarole and mineral springs, is considered a promising geotourism
site in Sistan and Baluchestan Province. The springs are sulfate-type, and deposits of calcite, gypsum,
jarosite, and opal/chalcedony have formed at their outlets. Vegetation is also expected to be present
around these springs. The NDVI image reveals vegetation on the slopes of Taftan, along the western
waterways leading to the mountain, and in villages within the study area. Minerals such as calcite,
gypsum, jarosite, and opal/chalcedony were identified on Taftan Mountain. The detection of gypsum,
jarosite, and opal/chalcedony aligns with findings from Seifi et al. (1401), whereas the highlighted
calcite differs: this study found calcite mainly in the south of Taftan, while Seifi et al. (1401) reported
it in the north.

Potential mineral spring sites were investigated and ranked based on the presence or absence of calcite,
gypsum, jarosite, and opal/chalcedony minerals, along with vegetation cover. Sites containing all four
minerals or three minerals plus vegetation were assigned highest priority. Sites with three minerals
alone, or two minerals accompanied by vegetation, were designated second priority. Within the study
area, 36 sites were classified as first priority (marked with circles) and 26 as second priority (marked
with squares), the majority of which exhibited vegetation. To identify definitive mineral spring
locations, mineral and vegetation highlights were overlaid with priority zones and visually assessed in
Google Earth. Using visual cues such as green sediment presence and water flow, combined with
matches to highlighted minerals and vegetation, spring locations were pinpointed in Google Earth. A
total of 26 springs were identified on the southern to western slopes of Taftan Mountain, most aligning
with priority areas, with a few outside these areas. Springs on the western slopes displayed more
extensive sediment deposits, whereas southern springs had smaller sediments identifiable by visible
water flow. Among the top-priority locations, one exhibited features resembling a pool upon visual
inspection, identified as a natural pond named Lake Lavan, fed by numerous springs at its base. Local
villages such as Tarshab, Tamandan, Valan, Tamin, and Lahramba overlapped with first priority areas,
while Jash and Kousheh aligned with second priority zones.

4- Conclusion

The locations of the springs were identified through observations on Google Earth, and their access
paths were established by following the water flow and waterways. These paths constitute the
geotourism routes of the Taftan mineral springs. These routes will be valuable for the Cultural Heritage
and Tourism Organization of Sistan and Baluchestan Province in planning the development of
geotourism around the Taftan mineral springs. Additionally, they will serve a key role in organizing
trips to Mountain Taftan for both tourists and mountaineers.
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