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1- Introduction

Mandelbrot (1983) introduced the fractal model as an important non-Euclidean method in geometry. Fractal
modeling is a useful tool for classifying various natural phenomena, particularly geological features, such
as anomalies and zoning minerals based on the relationship between the ore grade and their geometric
spaces (Mandelbrot, 1983; Yasrebi and Hezarkhani, 2019; Zuo and Wang, 2020; Hassanpour and Afzal,
2013). Fractal methods evaluate relationships between all parameters, such as geochemical data and spatial
distribution, without any data normalization. For this reason, fractal models are more exact and closer to
reality (Carranza, 2009, 2010; Carranza et al., 2009; Carranza and Sadeghi, 2010; Afzal et al., 2013;
Sadeghi et al., 2012; Nazarpour et al., 2015; Rahmati et al., 2015; Wang et al., 2011; Hosseini et al., 2015).
The advantages of this method are based on its accuracy due to the elimination of geochemical data noise
and the separation of anomalies of different levels based on their intensity (Farahmandfar et al., 2020;
Saadati et al., 2020).

On the other hand, the best way to find alteration zones is to use satellite data processing. Chemical and
mineralogical changes resulting from the alteration of rocks change the amount of energy reflected or
absorbed in these rocks. Since these energies are different for different phenomena for one wavelength and
reciprocally for a phenomenon at different wavelengths, by processing satellite data, it is possible to
identify and investigate the presence or absence of indicator minerals of some alterations (Karimpour et
al., 2012).

In this paper, stream sediment data of the 1: 100000 geological sheet of Varcheh in the south of Arak
were analyzed using the fractal concentration-number (CN) method and with alteration zones and faults
drawn using satellite images multispectral Aster sensor has been combined for mineral exploration (Fig.
1).

2- Material and methods

In this study, 1292 samples of stream sediments on the 1:100000 geological sheet of Varcheh in the south
of Arak were surveyed by the Geological Survey & Mineral Explorations of Iran (GSI) for geochemical
discoveries and analyzed by the ICP-MS method to detect 15 elements (Fig. 2).
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The fractal model can be used to classify the distribution of geochemical data without estimating or
simulating geostatistical (Afzal et al., 2016, 2017). This approach is revealed as follows:

N (2p) « Fp™® equation 1

N (>p) and p represent the cumulative number of samples with content equal to or greater than p and
regional variables (such as Cu values), respectively. F and D are the capacity constants and scaling agents,
as fractal dimensions, for the regional variable distribution.

To identify the alterations in the 100,000 Varcheh sheet, the data of the Terra Satellite Aster sensor and
the ETM™ sensor of Landsat 7 were used. After pre-processing the data and separating their absorption and
reflectance bands, using band ratio and false-color composite (Moradi and Boomeri, 2017), alterations of
iron oxide, kaolinite, propylitic and silica are identified and in the software ArcGIS 10.5 digits.

High-pass filters and specifically 3*3 (Directional) filters in ENVI 5.1 software have been used to draw
edges, linear features, borders and fractures. For detection fractures in different directions, have been
applied the filter angle of 45, 135 and 180. After applying the filter, transferred the image to ArcGIS 10.5
software and draw the output map of the fractures.

3- Results and discussion

The statistical parameters of Zn, Pb, Cu, and Ba, and the Q-Q plots and histograms for these 15 elements
showed a right-skewed non-normal distribution (table.1, fig.1). In this case, the fractal method is among
the best techniques for separating anomalies from the background (Jaafari et al., 2019). The element data
were analyzed by the concentration-number (C-N) fractal method and then matched to alteration zones and
faults plotted by ASTER multispectral imagery to detect minerals. The C-N fractal diagram was plotted for
Zn, Pb, Cu, and Ba, and the most intensive anomalies for these elements have a grade greater than 524.8,
794.3, 223.9, and 944.1, respectively (Fig.4 and Fig.5).

The band ratio technique is one of the most practical techniques used to identify hydrothermal
alterations such as iron oxide (Di Tommaso and Rubinstein, 2007). Therefore, by processing ETM* images
by the 3:1 band ratio method, areas with iron oxide were extracted (Figure 6).

Propylitic alteration using a color composite (RGB: 468) and band ratio (B5 + B7) / B6 of Aster imagery
were separated. To extract the siliceous alteration from color composite RGB: 531, the thermal bands of
the Aster sensor were used, which appear in red and pink (Moradi and Boomeri, 2017).

Integrating the anomaly maps for Zn, Pb, Cu, and Ba with iron oxide, Propylitic, argillic, and silicic
alterations, fault maps, and regional fractures and the maps of mines and Varcheh mineral indices showed
that the metal mines have mainly occurred in regions with a high fault fracture density (fig. 7 and fig. 8).
However, mineral indices have rarely occurred in regions with a high fault density, presumably due to the
circulation of fluids in fault-induced channels. The separated Pb and Zn anomalies are consistent and
related to high fault and fracture density regions. They are also highly correlated with the silicic alteration
plotted in the region. Integrating the prepared maps with the regional geological map indicated that Pb, Zn,
and Ba mines have mainly occurred in Cretaceous limestone and sandstone and Jurassic Siltstone
Formation. The separated anomalies overlap these Formations.

4- Conclusion
The C-N fractal diagram was plotted for Zn, Pb, Cu, and Ba, and the most intensive anomalies for these
elements have a grade greater than 524.8, 794.3, 223.9, and 944.1, respectively.

Mineral indices have rarely occurred in regions with a high fault density, presumably due to the
circulation of fluids in fault-induced channels. The separated Pb and Zn anomalies are consistent and
related to high fault and fracture density regions. They are also highly correlated with the silicic alteration
plotted in the region. Integrating the prepared maps with the regional geological map indicated that Pb, Zn,
and Ba mines have mainly occurred in Cretaceous limestone and sandstone and Jurassic Siltstone
Formation. The separated anomalies overlap these Formations.
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Table 1. Statistical data of stream sediment samples of Zn, Pb, Cu, and Ba elements.

Statistics
Ba Cu Pb Zn

N Valid 1292 1292 1292 1292

Missing 0 0 0 0
Mean 309.85 36.71 57.98 123.66
Median 290.00 33.00 30.00 90.00
Std. Deviation 134.896 23.065 119.022 | 103.359
Skewness 2.469 6.354 7.119 2.734
Std. Error of Skewness 0.068 0.068 0.068 0.068
Kurtosis 11.933 82.256 62.347 10.638
Std. Error of Kurtosis 0.136 0.136 0.136 0.136
Minimum 80 5 3 3
Maximum 1333 410 1333 906
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