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Abstract: Execution of exploration activities is costly and time-consuming, which reveals the necessity
of mineral prospectivity mapping (MPM) for identifying highly mineral potential zones. In this regard,
the present study introduces a new hybrid method called SWARA-MOORA, through which different
evidence layers can be integrated to map Cu highly potential zones in the Abhar area. Thus, based on expert
judgments, six evidence layers as targeting criteria was considered. For fulfilling the integration process,
the spatial values of predictor maps were initially transformed into a new space ranging [0,1] and then
were categorized by C-A fractal-based model to determine thresholds of favorable populations. To generate
the overlay prospectivity map pertaining to the mineral deposit of type sought, SWARA method was used
to determine the weights of criteria and sub-criteria and MOORA was concerned with order preference
of decision alternatives. In order to evaluate the efficiency of SWARA-MOORA overlay prospectivity
map, the Predication-Area (P—A) plot along with normalized density (Nd) was used. This predictive map
foresees 19% of the study area as prospective areas through which 81% of the known Cu occurrences are
ascertained. The relevant Nd is 4.26 that affirms that SWARA-MOORA overlay prospectivity map can be
applied efficiently as a target map for subsequent detailed explorations.

Keywords: Abhar, SWARA, MOORA, Fractal, P-A Plot.

INTRODUCTION

Mineral Potential Mapping (MPM) as an efficacious tool includes the integration of multiple geoscience
data to outline the target areas with a high potential in a region of interest [1,2]. MPM which is commonly
used in the rudimentary stages of mineral exploration [3] utilizes computer and Geographical information
systems (GIS) by which various spatial geo-dataset can be visualized, processed, analyzed and integrated
[4]. For GIS-Based MPM, various methods have been developed over the past three decades that are
categorized into data- or knowledge-based techniques [5]. In data-based, the known mineral deposits are
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exploited as “training point” to evaluate the spatial association between of the deposits with particular
evidential features based on quantitative analysis in well-explored and data-rich region of interest [6].
Weights of evidence [7], logistic regression [8], neural networks [9-11], support vector machines [11,12],
random forest [13,14], and Bayesian networks [15] are used as data-based methods. The knowledge-driven
methods are opportune for poorly explored areas of interest [1,6]. These methods use the judgments of
experienced geoscientists for determining weights of evidence features based on evaluating the relationship
between the mineral occurrence of deposit and predictor maps [6]. The knowledge-driven methods involves
the methods of index overlay [16], fuzzy logic [17], Boolean logic [16], wildcat mapping [18], Dempster—
Shafer belief theory [19], and multi-criteria decision making approaches [20]. This study aims to represent
a new combinatorial MCDM method called SWARA-MOORA to outline Cu highly potential zones in the
Abhar area. This method merges two distinct methods of Step-wise Weight Assessment Ratio Analysis
(SWARA) and Multi-Objective Optimization on the basis of Ratio Analysis (MOORA). SWARA [21] is
an eligible procedure for determination of the weights and comparative importance of a set of criteria and
sub-criteria. MOORA method [22] has been applied to order the precedency of decision alternatives.

METHODS

Step-wise Weight Assessment Ratio Analysis (SWARA)

Step 1. The criteria (and sub-criteria) are assorted in descending order according to their anticipated
importance.

Step 2. The relative importance of criterion j is characterized in relation to the previous (j-1) criterion (by
starting from the second criterion). Mentioned ratio is called the comparative importance of average value (s,).

Step 3. The coefficient k; is determined as equation 1:

K=8§+1
(1
Step 4. The initial weight of each criterion is calculated with through the equation 2.
q,= (K )/ K, @)

Step 5. The relative weights (final weights) of the criteria (and sub-criteria) are determined as equation 3:
w, = (q,)/(¥q)
3)

Multi-Objective Optimization on the basis of Ratio Analysis (MOORA)
Step 1. Form the decision-making matrix comprising n possible alternatives (rows) rated on m appointed
criteria (columns).

X11 X120 X1m
x=|*21 *22 .. %2m
Xnl *n2 " *nn

Step 2. Normalize the decision matrix using following function (Equation 4):
%ij = sl )
Step 3. The ratio system part of MOORA method: For multiobjective optimization, these normalized

performances are added in case of maximization (for beneficial attributes) and subtracted in case of
minimization (for non-beneficial attributes). Then the optimization problem becomes (Equation 5):

Yi=21g=1 Wj-fij_ Z;-;gﬂwj'.fij (5)
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W, are the weights determined by SWARA method. An ordinal ranking of Y, presents the final priority.
Thus, the best alternative has the highest Y, value, while the worst alternative has the lowest yi value.

Step 4. The reference point part of MOORA method: In this step, a reference point is calculated for
each criterion:

For objectives to be maximized r, = max w.x,

For objectives to be minimized r, = min W x

The ranking in the reference pomt part of MOORA method can be calculated from the equation 6:

Min {max | wj.r; — wj.Xij} (6)
In this formula 7, is the i-¢h co-ordinate of the reference point.

FINDINGS AND ARGUMENT

Present paper aims to outline Cu highly potential areas in the Abhar area among the integration of six
evidential maps. In this regard, substantial criteria were selected according to the arbitrations of geo-scientific
experts and commensurate to the desired goal. The spatial evidence values in the obtained maps are not
involved identical maximum and minimum values. Inevitably, the evidential values of mentioned maps were
transformed into a new space. Then concentration-area (C-A) fractal model [23] was applied to classify
spatial values of evidential maps. Finally, SWARA-MOORA MCDM method was applied to generate Cu
prospectivity map. In this regard, SWARA method was used to determine the weights of criteria and sub-
criteria (Table 1) and MOORA method was used to rank the alternatives. At the end, the Cu prospectivity
map was generated (Figure 1). To evaluate the efficiency of prospectivity map obtained by SWARA-MOORA
method, the Predication-Area (P—A) plot [24] was applied (Figure 2). According to the result of this P-A plot,
the SWARA-MOORA prospectivity map can be used as target map for subsequent detailed explorations.

Table 1. The obtained weights for criteria using SWARA method

Criteria S; K q; W; Weights
Geochemical anomaly 1.000 1.000 1.000 1.000 0.267
Intrusive 0.300 1.300 0.769 0.7699 0.200
Volcanic 0.300 1.300 0.591 0.591 0.166
Fault 0.180 1.180 0.501 0.501 0.133
Phyllic 0.090 1.090 0.460 0.466 0.121
Argillic 0.065 1.065 0.4317 0.444 0.113
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CONCLUSIONS

The present study addresses the successful application of a new hybrid MCDM method called SWARA-
MOORA to generate a predictive model for Cu mineralization in the Abhar area. Despite the ability of two
methods alone, experience has demonstrated that the combination MCDM methods eventuate to better
results After generating the SWARA-MOORA overlay prospectivity map, P—A plot was used to evaluate its
efficiency in predicting favorable areas. Based on the results, the SWARA-MOORA method can provide a
potent tool for quantifying the specifications of geo-anomalies and for delimiting of target areas in mineral
exploration programs.
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