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Extended Abstract

Introduction

Remote sensing is one of the widely used methods in geology and exploration of mineral deposits and plays
an important role | identifying changes. Different methods of remote sensing have made it possible to
investigate and study a wide range with accuracy, speed and less cost. Since the change related to porphyry
mineralization have a suitable expansion; therefore, this type of deposits can be suitable index in the methods
and discoveries of porphyry deposits. Masjed Daghi copper porphyry area is located 35 km east of Julfa in
the East Azerbaijan province. The formation of epithermal gold veins on the porphyry deposit and the spatial
and temporal relationship of two deposits have been investigated. The simultaneous use of Sentinel-2 sensor
and Landsat-8 satellite and supervised classification methods based on machine learning was done for the
first time in this research on Masjed Daghi porphyry deposit in northwest Iran. The aim of this study is to
identify the types of alteration associated with porphyry deposits using different techniques of processing
images from Sentinel-2 and Landsat-8 satellites; which can be a suitable exploration guide for porphyry
copper deposits in Iran. In this study, band combination, band ratio (BR) and least squares regression (LS-
Fit) methods have been used to determine the location of alteration zones. Also, supervised classification
methods based on machine learning such as: maximum similarity (ML), neural network methods (ANN) and
support vector machines (SVM) and the combination of these three classifications using the maximum voting
(MV) method have been used for the accuracy and precision of using these images, and the positive impact
and performance of these classifications in separating lithologies in geological maps has been investigated
and confirmed (Farhadi et al., 2024). Also, these methods have been investigated in the chemical distribution
of elements in the Iran Kouh lead and zinc deposit, and the results of this study showed that these methods
were promising for predicting the elemental distribution of minerals (Farhadi et al. 2022). In this study, the
results obtained were verified and confirmed using field evidence and geological studies. Simultaneous use
of the Sentinel-2 sensor and the Landsat-8 satellite and classification methods supervised machine learning-
based classification was performed for the first time in this research on a porphyry deposit in northwestern
Iran. Also, using the output of the band ratio and band combination methods and the least squares regression
as initial inputs as training and test data for use in machine learning methods and combining three
classifications with the maximum voting method in the Landsat-8 satellite and the Sentinel-2 sensor was
used for the first time, which has yielded good results.
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Materials and Methods

Detailed studies have been conducted on the alterations of the Masjed Daghi region, and based on them, six
alterations have been recognized in the region. These alterations include potassic, phyllic, intermediate
argillic, advanced argillic, silicic, and propylitic. Silicic, advanced argillic, intermediate argillic, and
propylitic alterations are associated with epithermal gold mineralization and extend from the inside of the
vein outwards, respectively. Alterations associated with porphyry copper mineralization include potassic,
phyllic, intermediate argillic, and propylitic.

Potassic alterations: This alteration is visible with a small extension (2000 m?) around and on the adjacent
of the Arpachay River. Geological studies in the area show that potassic alteration is affected by phyllic and
argillic alterations and causes overlap between these alterations. The mineralogy of this alteration includes
potassium feldspar, biotite, and magnetite with some sericite, chlorite, and clay minerals. Phyllic alterations:
Tis alteration covers a large part of the area and covers the potassic alteration in the form and haloes around
and on the adjacent of the Arpachay River. Mineralogical studies show that silicate minerals such as
plagioclase, potassium feldspar, and ferromagnesian minerals (hornblende and biotite) in the parent rock
have been altered and replaced by sericite and quartz as the main minerals and chlorite as the secondary
mineral along the sulfide minerals. This alteration is widely overlapped by argillic alteration. Also, stony
silica veins with minerals show a relatively good spread at the regional level and in the phyllic zone.
Advanced argillic: This alteration is limited and formed in the vicinity of gold-bearing silica veins. This
alteration had a great impact on the host rock (trachyandesite) and has transformed the plagioclase in the
host rock into the clay minerals and destroyed the original texture of the rock. The minerals constituting this
alteration include quartz, kaolinite, hypogene alunite, barite, pyrite and tourmaline. Moderate argillic
alteration: It is spread with a relatively high spread in the middle part of the mineralization area and in many
cases overlaps with phyllic alteration. The mineralogical composition of this alteration includes kaolinite,
illite, quartz, and carbonate. Propylitic alteration: This alteration is the outermost alteration zone observed
on the eastern margin of the region with a relatively limited extension. The characteristic minerals of this
alteration are epidote, chlorite, and calcite, where hornblende and pyroxene have been transformed into
chlorite and calcite, and plagioclase has been replaced by calcite, epidote, chlorite and also clay minerals.
Siliceous alteration: This type of alteration is found around mineralized veins, which has provided a suitable
environment and conditions for gold mineralization. The high silica values in the region indicate that the
hydrothermal solutions are saturated with silica.

The siliceous alteration zone is one of the most alteration important alterations in the region, which appears
in the form of veins and veinlets, these types of alterations are the main hosts of the gold mineralization.
Mineralization: he Masjeddaghi mineralization system consist of two types of porphyry copper
mineralization and epithermal gold. The most important mineralization in the Masjeddaghi porphyry deposit
include rutile, molybdenite, magnetite, pyrite, chalcopyrite, bornite, sphalerite, chalcocite, and covellite.
Epithermal gold mineralization include pyrite, chalcopyrite, bornite, galena, sphalerite, and gold associated
with quartz, barite and anhydrite.

Results and Discussion

The oldest rock unit of the region includes flysch sediment of Eocene age associated limestone, shale and
conglomerate. The lithological volcanic composition are Eocene trachyandesite associated Oligocene
monzodiorite. These host rock suffering potassic, phyllic, argillic, propylitic and silicic alteration.
Mineralization system consist of two types of porphyry and epithermal systems. The most important minerals
are molybdenite, magnetite, pyrite, bornite, chalcopyrite, and sphalerite in the porphyry system and pyrite,
chalcopyrite, sphalerite, gold associated quartz, barite, and anhydrite in the epithermal system. Landsat-8
satellite images of the three supervised classifications of ANN, ML and SVM have the accuracy of 77.71%,
70.48% and 79.23% respectively. In the Sentinel-2 sensor, the tree supervised classifications of ANN, Ml
and SVM in Masjed Daghi region have the accuracy of 78.69%, 59.16% and 7.75%, respectively. The
obtained results show the superiority of Sentinel-2 sensor over Landsat-8 in highlighting the variations in
the study area of Masjed Daghi. Also, by comparing to kappa coefficients obtained from Landsat-8 and
Sentinel-2, it emphasizes the superiority of Sentinel-2. Among the classifications applied on the images,
SVM classification is more accurate in both satellites and sensors; this point indicates the better performance
of Support Vector Machine (SVM) algorithm. But ML classification in Landsat-8 has a better performance
that sentinel-2, which the kappa coefficient results will also confirm this issue. The output results of overall
accuracy (OA) for the maximum voting (MV) method compared to support vector machine algorithm
method have increased by about 3.75% in the Landsat-8 satellite. Maximum voting with 82.38% overall
accuracy and 0.6868 kappa coefficient for Landsat-8 satellite indicate; the combining the output data of the
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classification with the maximum voting method improve the identification of changes. Also, for the Sentinel-
2 coefficient f 0.7070 has increased by about 4.5% compared to the support vector machine method.

Conclusion

1. Landsat-8 and Sentinel-2 data and its compliance with the geological range of Masjed Daghi region show
that the Sentinel-2 sensor has better and higher accuracy than the Landsat-8 satellite. 2. The classification of
the support vector in the Landsat-8 satellite and Sentinel-2 sensor in the study area of Masjed Daghi has a
higher accuracy and kappa coefficient, and the Sentinel-2 sensor has a higher accuracy and precision then
the Landsat-8 satellite. Using the classification (Neural network, maximum similarity and support vector
machine) using the Sentinel-2 sensor and the Landsat-8 satellite shows; the support machine classification
in the Landsat-8 satellite and the Sentinel-2sensor in the Masjeddaghi study area has higher accuracy and
kappa coefficient, and the Sentinel-2 sensor has higher accuracy and precision than the Landsat-8 satellite.
Also these three classification compared to the band ration methods, the last squares regression and the band
combination have higher accuracy for highlighting the changes in the study area. In the accuracy section, all
three classification are compared with each other in numerical formed finally their combination. 3. Sentinel-
2 and Landsat-8 data show the overall accuracy output for the maximum voting method compared to the
support vector machine algorithm method in satellite Landsat-8 has increased by about 75.3%, which shows
that combining the output data of the classifications using the maximum voting approach has improved the
identification of changes. 4. Sentinel-2 detector has a very high accuracy in the presented classifications and
in the maximum ratio voting method due to its better spectral and spatial power to the Landsat-8 satellite.
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Fig. 7: Band ratio method of Sentinel-2 in the Masjed Daghi area, A: Band ratio 4 to 2 that white pixel indicate
iron oxide, B: Band ratio 11 to 12 that white pixel indicate phyllic-argillic alteration, C: Band combination
R(11/12), G(4/2), B(8/4) for Sentinel-2, yellow color indicate phyllic-argillic alteration.
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Fig. 9: Educational and experimental data (IRO) for the Landsat-8 and Sentinel-2 for distinction of the alteration
and non-alteration area in the Masjed Daghi, A: Educational data on the phyllic alteration (red color), argillic
alteration (Kaolinite and montmorillonite) with yellow color, propylitic alteration (chlorite and epidote) with green
color and non-alteration with blue color is observed, B: Experimental data on the phyllic alteration with red color,
argillic alteration (kaolinite and montmorillonite) with yellow color, propylitic alteration (chlorite and epidote)
with green color and non-alteration with blue color.
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Fig. 10: Images of the 3 classifications of the A: Maximum similarity, B: Support vector machine, C: Combination
of classification using maximum vector, D: in the Landsat-8 images.
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Fig. 11: Images of the 3 classifications of the A: Maximum similarity, B: Support vector machine, C):
Combination of classification using maximum vector, D: in the Sentinel-2 images.
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Table 3: Comparison of the overall accuracy (OA), Kappa coefficient (K), neural network (NN), Maximum
similarity (MI), support vector machine (SVM) and maximum vector (MV) in the Masjed Daghi area with

Landsat-8 and Sentinel-2
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Fig. 12: Diagram of the combination and classification in the Masjed Daghi area, A: Kappa coefficient, B: Overall

accuracy.
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