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1-Introduction

The importance of diagnosing anomalous values from the background is not obscured, so several methods
have been introduced. These methods, from simple to complicated approaches, are divided into structural
and nonstructural ones following a general objective based on decreasing the error of distinguishing
anomaly from background (Hezarkhani and Ghannadpour, 2015; Ghannadpour and Hezarkhani, 2016a,b).
Mahalanobis's distance method is an effective and multivariate method for separating the anomaly from the
background.

The Mahalanobis Distance (MD) method is one of the multivariate techniques in which anomalous areas
are separated based on Mahalanobis distances. The covariance matrix quantifies the shape and size of
multivariate data. So, the Mahalanobis distance is the well-known distance measured to separate anomalies,
which considers the covariance matrix. Explained and discussed techniques that are based on MD and
applied in various fields of chemometrics, such as in multivariate calibration, pattern recognition, and
process control; also, some applications in data clustering, especially MD, have substantially drowned
attention (Ghannadpour et al. 2017).

2-Material and methods

The present study discusses the performance of combining the separation method with three data mining
methods: K-Nearest Neighbor (KNN) (Li et al. 2017), Bayes simple classifier, and convolutional neural
network. After separating copper and molybdenum anomalous values of 177 samples obtained from surface
sampling operations in the Zafarghand area using the Mahalanobis distances method, three data mining
methods are used to predict these values for each random sample.

The Zafarghand copper exploration area is located in southeastern Ardestan, in central Iran, about 110
kilometers northeast of Isfahan. The deposit is situated in the west of Zafarghand, as part of the 1:100,000
Ardestan geological sheet, ranging from 52°23'55"E to 52°26'30"E longitude and 33°10'30"N to
33°11'52"N latitude (Fig. 1) (Alaminia et al. 2017).

3-Results and discussions

The values of Cu-Mo and coordinates of sampling points were introduced to STATISTICA software as a
dataset. After calculating the values of Mahalanobis, the values of the samples were calculated according
to the ascending order of the Mahalanobis distances. Then, anomalous samples were determined for copper
and molybdenum in the studied area. In the next step, based on the obtained results along with the
parameters of Cu-Mo, the longitude and latitude of the samples, and the weight of each sample (based on
the results of Mahalanobis distances of 1 for the field samples and 2 for anomalous samples) were studied
in the data mining methods. After running the algorithm, the error rate and its performance were also
investigated. According to the outputs, no sample in the KNN has been wrongly identified. It should be
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noted that the number of improperly predicted samples for convolutional neural network and Bayes
methods are reported as 2 and 3, respectively.
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Fig. 1. Simplified geological map of the Zafarghand exploration area.
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4-Conclusion

Considering the far more acceptable error rate for the network designed by the combination of the KNN
method and Mahalanobis intervals, the said combination has been introduced to the decision-makers of this
industry as a reliable and beneficial method to reach the most accurate predictions.
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Table 1. Statistical characteristics of the elements before the logarithm

Element Average value Variance value Maximum value
ppm) (Ppm) Ppm)
Copper 91.6 28578 1040
Molybdenum 6.08 138 81
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Table 2. Statistical characteristics of the elements after the logarithm

Element Average value Variance value Maximum value
(Ppm) (Ppm) (ppm)
Copper 1.44 0.49 3
Molybdenum 0.36 0.27 1.9
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Table 3. Analyzed elements with detection limit

Element Detection limit*  Element  Detection limit* Element Detection limit*
Au 1 Cr 1 Sn 0/5
Al 10 Cs 0/5 Sr 2
Ca 100 Cu Te 0/2
Fe 100 La Th 0/5

K 100 Li Ti 10
Mg 100 Mn TI 0/2
Na 100 Mo 0/5 U 0/5
Ag 0/1 Nb 1 V 2
As 0/5 Ni 1 w 0/5
Ba 2 P 10 Y 0/5
Be 0/2 Pb 1 Yb 0/2
Bi 0/2 Rb Zn 1
Cd 0/1 S 50 Zr 5
Ce 1 Sb 0/5
Co 1 Sc 0/5
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Fig. 5. Normal distribution function of copper grade values
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Table 4. Summary of the results obtained from the convolutional neural network method

net.name training test perf  validation ALGORITHM hidden Output
perf perf activation activation
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