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Variable (unit) Mean | St.Dev. | Minimum | Median | Maximum | Skewness | Kurtosis | MAD
Ag (ppm) 0.056 0.008 0.044 0.054 0.147 5.35 50.15 0.003
As (ppm) 9.29 2.92 5.59 8.65 18.81 1.78 3.24 1.40
Au (ppb) 13.17 3.68 0.88 1.2 3.8 2.11 8.55 0.2
Ba (ppm) 408.07 60.41 32.10 423.20 475.59 -2.81 10.57 23.42
Bi (ppm) 0.202 0.064 0.139 0.186 0.687 3.70 18.77 0.021
Cd (ppm) 0.093 0.076 0.025 0.08 1.278 11.03 165.22 0.02
Co (ppm) 22.35 16.11 9.90 17.12 101.09 3.17 11.29 4.45
Cr (ppm) 121.99 94.07 45.31 90.56 502.41 2.64 7.41 29.23
Cu (ppm) 28.13 3.46 14.91 27.85 54.61 1.44 10.40 1.78

Fe (%) 6.026 1.426 4.460 5.62 12.502 2.39 6.94 0.60
Hg (ppm) 0.0164 | 0.0022 0.011 0.016 0.044 5.74 74.32 0.001

Mn (%) 0.077 0.022 0.055 0.071 0.165 2.22 5.71 0.009
Mo (ppm) 1.26 0.34 0.67 1.21 3.42 2.30 9.91 0.18

Ni (ppm) 37.75 36.18 13.25 26.00 225.03 3.58 14.13 7.55

Pb (ppm) 23.03 33.24 0.14 19.32 322.45 8.34 72.05 3.79

Sb (ppm) 0.75 0.19 0.27 0.741 3.09 5.02 59.14 0.09

Sc (ppm) 16.72 9.64 9.22 13.67 61.21 3.02 10.01 2.76
Sn (ppm) 3.59 0.18 2.75 3.61 4.06 -0.76 1.40 0.11

Sr (ppm) 173.47 19.05 143.40 170.09 396.00 5.33 53.87 8.30
Ti (ppm) 1.23 0.27 0.88 1.16 2.33 2.44 6.75 0.10
V (ppm) 160.81 | 112.88 64.40 123.18 616.02 2.62 7.31 36.66
W (ppm) 0.79 0.28 0.44 0.76 3.86 4.28 40.51 0.12

Zn (ppm) 67.69 29.47 35.27 62.00 334.18 4.63 30.07 9.57
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Abstract: The integration of exploration layers can be used to determine the multi-element geochemical
anomalies that represent areas with mineralization potentiality. This is especially true for the combination
of geochemical data. This paper aims to introduce ranking algorithms as an alternative to statistical data
mining and multi-criteria decision-making methods for integrating exploration data. For this purpose, 362
stream sediment samples were used from Sechangi map sheet of South Khorasan Province. Each sample
was analyzed for 23 elements. The implementation of six ranking algorithms including CA, MA, VSA, PA,
LA, and CAA on the dataset shows that the obtained mineralization zones have overlapping and almost
similar locations. These zones are located on tuff, andesitic, rhyolitic, and quaternary sedimentary rock units.
Quantitative comparisons such as permutation and robust principal component analysis methods reveal the
relative superiority of CA and PA algorithms. This is also the case with qualitative comparisons that deal
with comparing the results of the ranking algorithms with geological mapping and mineral indices of the
same study area. Combining six maps through weighted averaging suggested two zones. While the first
zone has higher mineralization potentiality of about 24 km?, the second zone shows lower mineralization
potentiality of approximately 311 km? for the next exploration phase in the study area.

Keywords: Multi-elements anomaly, Ranking samples, Characteristic analysis, Mineral potential mapping,
Sechangi sheet.

INTRODUCTION

Mineral exploration at regional scale is one of the most important substructure projects for identifying
mineral potential mapping. The integration of exploration layers, especially the combination of geochemical
data, can be used to determine the multi-element geochemical anomalies. These anomalies represent areas
with potential mineralization [1-2]. The current study set to introduce ranking algorithms as an alternative
to statistical data mining and multi-criteria decision-making methods for integrating exploration data. For
this purpose, 362 stream sediment samples were selected from Sechangi map sheet of South Khorasan
Province. The results presented two zones for the next exploration phase in the study area.
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METHODS

The following six ranking algorithms were used to determine the mineral potential zones:

1. Cumulative Algorithm (CA)

2. Multiplicative Algorithm (MA)

3. Vector Space Algorithm (VSA)

4. Probability Algorithm (PA)

5. Linkage Algorithm (LA)

6. Characteristic Analysis Algorithm (CAA)

Then, the obtained mineral potential maps were compared with the classification maps of the PCs scores.
The Robust PCA method was employed to obtain PCs scores [4]. All maps were classified based on the
concentration-area fractal algorithm [3].

FINDINGS AND ARGUMENTS

The data set includes 362 stream sediment samples, from Sechangi map sheet of South Khorasan
province. Each sample was analyzed for 23 elements (Figure 1). Figure 2 shows the mineral potential zones
obtained by ranking algorithms. These maps were classified into three classes based on the concentration-
area fractal algorithm. High-, medium-, and low-ranking zones represent high, medium, and low possibility
mineralization areas, respectively. The obtained mineralization zones have overlapping and almost similar
locations.
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Figure 1. Locations of geochemical samples (blue dots) overlain on the topogrphy map of the study arca

The ranking algorithms maps were compared with the classification maps of the PCs scores. The Robust
PCA was carried on ilr-transformed data set. Means and covariance matrices were back-transformed to clr
space in accordance with the PCA for compositional data with outlier method [4]. Figure 3 shows the PC2
scores’ contour map. It can be approximately equivalent to the results of the ranking algorithm maps. It is
also possible to measure the similarity of images using image analysis (Table 1). The strongest similarity
was observed between Figure 3 and the mineral potential map obtained from the CA algorithm.
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Table 1. Overlapping results (%) between Figure 2 and Figure 3

CA MA | VSA PA LA CAA
[ 0 19.3 8 174 | 555
B | 544 34.4 25.4 48.5 20 45.9

CONCLUSIONS

The obtained zones form ranking algorithms are located on tuff, andesitic, rhyolitic and quaternary
sedimentary rock units. Quantitative comparisons such as permutation and robust principal component
analysis methods demonstrated the relative superiority of CA and PA algorithms. This is also the case with
qualitative comparisons that deal with comparing the results of the ranking algorithms with geological
mapping and mineral indices of the same study area. Combining the six maps by weighted averaging
presented two zones; the first zone had higher mineralization potentiality of about 24 km?, but the second
zone showed lower mineralization potentiality of approximately 311 km? for the next exploration phase in
the study area. All six ranking algorithms provided strongly similar results which are also confirmed by
PCA and rock units relating to hydrothermal processes. So, it is recommended to use the ranking methods

as integration methods for identifying mineral potential mapping.
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