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* Deep Learning

? Vision Transformer

10 Maximum likelihood

11 Spectral and sub-pixel classification methods of
spectral angle mapper (SAM)

12 Spectral Feature Fitting (SFF)
13 Multi-Layer Perceptron (MLP)
14 Randon Forest

15 Support Vector Machines (SVM)
16 K-Nearest Neighbors (KNN)

17 Naive Bayes

18 Artificial Neural Networks

19 Hyperion
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! Landsat

2 Aster

3 Sentinel

“ Principal Component Analysis (PCA)
5 False-color composition (FCC)

¢ Independent component analysis

7 Minimum Noise Fraction (MNF)
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® RADARSAT

7 Meta-volcanic and silica barite rocks
¥ Frequency filtering (FFT-RWT)

° Gebel Egat
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20 Spectral Angle Mapper (SAM)

2 Pixel Purity Index (PPI)

3 Topographic Wetness Index (TWI)
“ Terrain Ruggedness Index (TRI)

’ Digital Elevation Model (DEM)
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3 Phyllite

4 Old Alluvial Terraces

5 Granite to Granodiorite
® Migmatite
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' Pseudo-colored RGB composites
2 Optimum Index Factor (OIF)
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15 Slate

16 Feldspar

7 Mica

18 Tourmaline

19 Andalusite

20 Aluminosilicate-rich Pegmatites
2 Sillimanite

22 Spinel

23 Corundum
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! Mafic incusions

2 Xenoliths

3 Granite

* Granodiorite

s Mafic Microgranular Enclaves
¢ Quartz Monzodiorite
7 Quartz Diorite

¥ Quartz

° Plagioclase

10 Bjotite

11 Alkali Feldspar

12 Amphiboles

13 Calcic

¥ Tremolite—-Actinolite
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3 Short-Wave Infrared (SWIR)
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5 Decision Trees (DT)
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! Fully Connected

>ReLU

3 Softmax

* Regularization

5 Batch normalization

¢ Dropout

7 Loss

§ Categorical crossentropy
* Adam
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Abstract

Remote sensing imagery is widely used in various geological applications, including the identification and
discrimination of different rock types. In this study, artificial intelligence methods, including Random Forest,
Deep Learning, XGBoost, and LightGBM, were employed to distinguish four geological units, Phyllite, Ancient
Alluvial Terraces, Granite to Granodiorite, and Migmatite, in the Hendudar area, Markazi Province, Iran.

The input data for the Al models consisted of the features extracted from the satellite imagery such as Landsat,
ASTER, and Sentinel-2, along with topographic data derived from a Digital Elevation Model (DEM), including
elevation, slope, Topographic Wetness Index (TWI), and aspect. In addition, the spatial data and field samples
of the geological units were incorporated into the analysis.

To prepare the input datasets, the necessary preprocessing steps, including radiometric and atmospheric
corrections, as well as the initial image processing and classification, were performed. Subsequently, a set of
features was generated based on the spectral bands of the satellite imagery, as well as the transformed datasets
derived from Principal Component Analysis (PCA) and Minimum Noise Fraction (MNF) techniques.

The evaluation results indicated that the Random Forest algorithm achieved the best performance. Using
spectral information from ASTER imagery combined with topographic and spatial data, the model attained

Kappa, Overall Accuracy, and F-score values of 0.74, 0.82, and 0.82, respectively.
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