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Acrticle Info Abstract

The Talahoueieh Cu-(Pb-Zn-Ag-Fe) deposit is located in the southeastern
Keywords: section of the Urumieh-Dokhtar magmatic belt, 25 km north of Bam. The
ASTER, study area is composed of volcanic, sedimentary, and pyroclastic units; the
Sentinel-2, main structures in the area trend NNW-SSE and NW-SE. The hydrothermal

alteration has developed along the main fractures. Argillic, propylitic, and
advanced argillic alteration features are widespread in the region. ASTER and
Sentinel-2 data were used to highlight hydrothermal alteration zones and
Faults, geological structures, respectively. Selective Principal Component Analysis
(PCA) and Relative Band Depth (RBD) algorithms in ENVI software were
utilized to highlight hydrothermal alteration zones, while Geomatica 2016
software was employed to enhance existing geological structures. The clay
alteration zones (argillic, phyllic, and advanced argillic) were prominent in
one group due to the low spectral resolution of ASTER in the SWIR spectral
range and are recognizable in yellow, and the propylitic alteration zone in
light green in the image. Using the Sentinel-2 band 4 and field surveys,
structures were extracted, which generally trend NW-SE. According to the
collected data, there is a direct relationship between geological structures,
alteration, and mineralization in the Talahoueieh area.
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Extended abstract

1. Introduction:

Hydrothermal alteration, which affects a much larger volume of rock than the ore body itself, provides an
important target for mineral exploration. With 6 bands in the SWIR range, ASTER has been utilized to enhance
hydrothermal alteration zones. Additionally, the Sentinel-2 sensor was used in this study, with its 10-meter
spatial resolution in band 4, to enhance and map structural lineaments. Field observations, including
mineralized, altered, and faulted zones, were integrated with satellite data to analyze spatial correlations
between mineralization and structures. The purpose of this study is to determine the relationship between
mineralization and structural elements of the region and to determine areas with high potential for deposit
exploration. Results demonstrate a strong relationship between mineralization and tectonic structures,
highlighting the role of structural controls in ore localization. This integrated approach provides an efficient
framework for delineating areas with high mineral potential.

The Talahoueieh copper (lead, zinc, silver, and iron) deposit is located at the southern end of the Urumieh-
Dokhtar magmatic belt, 25 km north of Bam. The regional geology comprises a complex suite of volcano-
sedimentary and volcanic rocks from rhyolite to basalt and intrusive bodies from granite to gabbro. Tectonic
analysis indicates dominant NNW-SSE and NW-SE trending faults with right-lateral and normal
displacements, while minor NNE-SSW and NE-SW faults show left-lateral movement. Hydrothermal
alteration, including argillic, silicic, and propylitic zones, developed around semi-deep intrusions and major
fractures, with argillic alteration being the most widespread. Mineralization occurs as polymetallic veins and
skarn-type iron, with copper as the main mineral (chalcopyrite, bornite, covellite, malachite, chrysocolla) and
lead-zinc minerals (galena, sphalerite, cerussite, hemimorphite). These geological and structural features provide
a framework for understanding mineralization patterns and exploration potential.

2. Results

The ASTER image was used to highlight the alteration zones. Additionally, the Sentinel-2 image and field
structural impressions were used to prepare the region’s structural map. The average internal relative reflectance
(IARR) was used to remove atmospheric effects from the dataset. This study applied the basic image processing
method of Relative Band Depth (RBD) and Principal Component Analysis to enhance the alteration zones. To
enhance the faults, the Sentinel-2 satellite image band 4 was used due to its high spatial resolution and the LINE
tool in Geomatica 2016 software. In addition, field controls were also carried out to verify the accuracy of the
lineaments extracted from this software.

ASTER sensor data and the selective Principal Component Analysis (PCA) algorithm were used to highlight
phyllic, argillic, and propylitic alteration zones. The phyllic zone, characterized by the index mineral sericite (or
muscovite), exhibits reflectance in ASTER bands 4 and 7 due to the presence of AI-OH, and absorption in bands
6 and 9. Therefore, bands 4, 6, 7, and 9 were selected in the corresponding principal component. The argillic
zone, with kaolinite as the index mineral, shows reflectance in bands 4 and 7 and absorption in bands 5 and 6,
leading to the selection of bands 4, 5, 6, and 7. In the propylitic zone (characterized by chlorite, epidote, and
calcite), bands 5 and 9 show reflectance, while bands 7 and 8 exhibit absorption; thus, bands 5, 7, 8, and 9 were
selected for this alteration zone. Additionally, to enhance the alteration zones, the following band ratios were
used: (7+9)/ 8 for the propylitic zone, (5+7)/6 for the phyllic zone, and (4+7)/6 for the argillic zone. Due to
spectral similarities, phyllic and argillic zones cannot be distinguished from each other and appear in yellow,
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while the propylitic zone appears green. Furthermore, three threshold levels were applied for lineament
extraction, and the results were validated and refined through field surveys.

3. Conclusion

By implementing the image-based methods, including PCA and RBD on the ASTER dataset with 6 bands in the
SWIR range, and the results obtained from each of the above techniques, it can be concluded that in the image-
based method of selective PCA and RBD, the alterations of the region are well evident and recognizable.
Additionally, by identifying the structural elements of the region automatically with Geomatica 2016 software
and field surveys, it can be concluded that the spread of alteration types is controlled by the main faults. In areas
where the fault density is higher, alteration increases, and the increase in fractures in the region is directly
related to the increase in alteration. Areas with high fracture can be given higher priority as exploration areas, as
the possibility of mineralization in those areas is higher. Field observations confirm the results obtained.
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