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! Advanced Spaceborne Thermal Emission Reflection Radiometer (ASTER)
2 TERRA satellite

3 Visible-Near Infrared (VNIR)

4 Sortwave Infrared (SWIR)

5 Thermal Infrared (TIR)

® Sensor Radiance

" Universal Transverse Mercator coordinate system (UTM)

8 Internal Average Relative Reflectance
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! Lineament
2 Principal Component Analysis (PCA)
3 Directional filters
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2 Logical operator algorithm
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3 Activation Function

4 Sigmoid

5 Hyperbolic Tangent

® Rectified Linear Unit (RELU)
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! Loss Function

2 Cross Entropy

3 Kullback-Leibler

4 Hinge

5 Mean Squared Error (MSE)
& Mean Absolute Error

7 Binary Cross Entropy

8 Categorical Cross Entropy
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! Gradient descent

2 Stochastic gradient descent

3 Adagrad

4 Adadelta

> RMSprop

6 Adaptive Moment Estimation (ADAM)
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8 Confusion matrix
4 Tensor

® Training data

6 Test data

" Validation data
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4 Generative Adversarial Networks (GAN)
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Convolutional Layer

Convolutional Neural Network (CNN)

Cross Entropy
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Gradient descent
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Pooling Layer

Precision

Principal Component Analysis (PCA)
Rectified Linear Unit (RELU)
Recurrent Neural Networks (RNN)
Regularization

Representation learning

Restricted Boltzmann Machines (RBM)
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Training data

Transfer Learning

Underfitting

Unsupervised learning
Validation data

Variational Autoencoder (VAE)
Visible-Near Infrared (VNIR)

Zone Dispersed Mineralization (ZDM)
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Abstract

Depleting the surface mineral resources has been led to the rising demand for exploring
deep deposits. Although there are various metal mineralization belts in Iran, particularly the
Urmia-Dokhtar belt, the explorations have mostly been performed in shallow depths. This issue
was due to several reasons, including the detection problems and the exploration of blind
economic mineralization. The geochemical zonality method is known as one of the substantial
approaches in mining geochemistry. This technique is characterized as one of the most reliable
methods in exploring blind economic reserves. However, the shortcoming of this method and
the advances in earth data science have forced the researchers to develop integrated approaches
by combining novel and traditional techniques to improve the performance and cover the
obstacles of the traditional methods. This study proposes a comprehensive methodology to
integrate the deep learning technique as an interesting topic in earth data science and the
traditional geochemical zonality method. Thus, the shortcomings of the geochemical zonality
method are eliminated, and the blind economic mineralization areas are detected more
efficiently. The suggested comprehensive methodology deals with seven continuous stages.
Every stage plays a significant role in extracting the non-linear and complex geochemical
features and the latent relationship among geochemical data. This procedure is conducted by
the supervised and unsupervised deep learning algorithms. The performance of the proposed
comprehensive methodology has been examined using two challenging areas (i.e., Sungun and
Astamal areas) situated in the Ahar-Arasbaran belt. Sungun area is known as a world-class Cu-
Mo deposit. Astamal area is a weak area of blind economic mineralization, while it contains
strong alterations and Copper mineral indices. The findings demonstrated that the Sungun area
had two blind economic mineralization zones in the southeast and northwest. Also, blind
mineralization in the Astamal area was recognized in the west and southeast zones. However,
these were zone dispersed mineralization and non-economic. This study proved that the
proposed comprehensive methodology was an efficient approach to split the geochemical data
at different levels of anomalies without computing anomaly matrix and threshold, detecting the
blind mineralization areas, determining the type of mineralization (i.e., economic and non-
economic), and specifying the drilling location.

Keywords: Deep Learning, Mining Geochemistry, Geochemical Zonality, Blind Economic

Mineralization.
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