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1-Introduction

Malayer-Aligoudarz-Esfahan metallogenic belt is located in the Sanandaj-Sirjan Zone, which hosts a large
number of metal deposits. In this study, using the Fuzzy-GAMMA method and analytic hierarchy process
(AHP) based on weighting to exploratory layers were used Cu metal modeling in the studied area. Mineral
exploration is a sophisticated process requiring the simultaneous consideration of various thematic geo-datasets
(e.g., geological, geochemical, geophysical). The ultimate purpose of mineral exploration is to discover a new
mineral deposit in the region of interest. Multiple data sets or layers should be collected, analyzed, and
integrated for mineral prospectivity mapping (MPM) in the region of interest to achieve this goal (Carranza,
2008). MPM is a multistep process of generating evidential maps (i.e., extracting and weighting of features
indicating the presence of the mineral deposit-type sought), combining evidential maps, and finally ranking
promising target areas for further exploration (Yousefi et al., 2012). The MPM process is, in fact, a multi-
criterion decision-making (MCDM) task. An MCDM method allows the analyst and decision-makers (DMs) to
understand the problem, the feasible alternatives, different outcomes, conflicts between the criteria, and the data
uncertainty level. The analytical hierarchy process (AHP) and fuzzy-GAMMA is an MCDM approach that has
widely been used in decision-making problems in geology and environmental sciences (Taylan, 2013).

2-Methodology
2-1- Fuzzy logic

Fuzzy logic is based on a fuzzy set theory proposed by Zadeh (1965). Fuzzy logic does not use a binary
response (presence or absence of evidence as in weights of evidence) but values between 0 (not favorable) and 1
(favorable) (Zadeh, 1965). The fuzzy model for mineral prediction is defined as a generic model: if X is the set
of evidential layers Xi (i %4 1,2,3, ..., n), and each layer has r classes defined as (j ¥4 1,2,3, ..., r), then n fuzzy
sets Ai (1% 1,2,3, ..., n) in X are defined as:

A = { (%, pA) /3€X}, 0<pa<1) 1)

Where mA is the membership value. When x; is favorable to mineralization, 0.5 < mA < 1; when and only
when it cannot be determined whether x;; is favorable or unfavorable to mineralization, mA % 0.5; and when X;;
is unfavorable to mineralization, 0 < mA < 0.5. The individual evidence layer, calculated by using the fuzzy-
GAMMA approach, multiplied in the corresponding evidence layers. Then the final prospectivity map was
generated by integrating the weighted evidential maps using fuzzy Gamma = 0.9 operator (Bonham-Carter,
1994). Choosing a value of 0.95 for this study reflects the expert opinion for giving an additive possibility value
in the final prospectively map.
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2-2- Analytical Hierarchy Process (AHP)

The analytical hierarchy process (AHP) is one of the essential techniques among multiple criteria decision
making (MCDM) techniques. This technique investigates complicated problems based on their interactions and
resolves them by converting them into simple forms (Saaty, 2016). The relative ‘“priority or weight’’ given to
each element of the hierarchy is determined by comparing pairwise the contribution of each element, at a lower
level, in terms of the criteria (elements) with which a causal relationship exists. The pairwise judgment starts
from the second level and finishes at the lowest level, alternatives. In each level, the criteria are compared
pairwise according to their level of influence and based on the specified criteria at a higher level. The DM uses a
standardized comparison scale of nine levels shown in Table 1 (Satty, 1990).

Table 1. Nine-point intensity of importance scale and its description (Satty, 1990).

Intensity of importance Definition
Extreme importance
Very strong to stream
Very strong importance
Strongly to very strong
Strong importance
Moderately to strong
Moderate importance
Equally to moderately
Equal importance

RN W|AO1| O |N|00|©

3- Results and discussion
First, all exploration layers and substrates, including lithology, geochemistry, and fault density, were weighted
by the Fuzzy-GAMMA method and ranged from O to 1. Then fuzzy layers are integrated according to the
weights assigned with 0.9 gammas (y) value, and Potential maps of Cu metal in the study area were obtained by
the Fuzzy-GAMMA method. Subsequently, using the analytic hierarchical process Method (AHP) and forming
an appropriate matrix for the exploration layers, the layers were weighted, and the potential map of Cu metal
was obtained. Finally, the Cu deposits and indices in the region were used to compare the applied methods
accuracy. The results showed that the (AHP) method compared with the Fuzzy-GAMMA method, determine
more anomaly and the obtained anomalies by this method more consistent with existing Cu deposits in the
region.
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Fig. 5. T-Value graph of Cu metal for anomalies obtained by Singularity Index method in the study area.
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Table 1. Determination of layers, substrates and weighting based on fuzzy logic in the study area.

Layers Substrates Weights
Other 0.1
Granite 0.2
Lithology Philite 0.3
Shale 0.7
Sandstone 0.7
Limestone 0.9
1.87-1.98 0.1
Ci(Geochemistry) 1.98-1.99 03
(Cu) 1.99-2 0.5
2-2.018 0.7
2.018-2.43 0.9
0-0.064 0.1
Faults density 0.064-0.14 0.3
(Km) 0.14-0.23 0.5
0.23-0.39 0.7
0.39-1.094 0.9
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Table 2. A basic scale for pairwise comparisons using the AHP method (Satty, 1990).

Intensity of importance

Definition

Extreme impornace

Very strong to stream

Very strong importance

Strongly to very strong

Strong importance

Moderately to strong

Moderate importance

Equally to moderately
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Equal importance
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Table 3. Pairwise comparison matrix of exploration layers and weights calculated by AHP method.

Layers Lithology | Geochemistry | Faults density | Wights
Lithology 1 3 5 0.64
Geochemistry 0.33 1 3 0.26
Faults density 0.2 0.33 1 0.10
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