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Abstract 
The separation of geochemical anomalies from the background plays a pivotal role in geochemical exploration. Fractal and multifractal 

modeling of geochemical data has been recently used by numerous geoscientists. Three fractal methods were used to identify elemental 

geochemical anomalies in a case study from the east of the Qhaen region, southern Khorasan Province, East of Iran. These methods 

include concentration–area (C–A), concentration–perimeter (C–P), and concentration –number (C-N) methods. Copper mineralization 

occurs as vein and veinlet. Based on the analysis of heavy mineral samples, Cu contents are also observed in the southeastern, northern, 

and eastern parts of the Qhaen ore district, which are consistent with the results of the C–A fractal model and are genetically correlated 

with the andesitic unit. Indeed, after fieldwork and comparing the types of fractal models calculated, it can be concluded that the results 

obtained from the concentration-area method in this area were more efficient than other methods and are closer to reality. 

Keywords: Concentration–area fractal model; Concentration–perimeter fractal model; concentration-number fractal model; Qhaen 

 

1. Introduction 
Researchers have been employed soil geochemistry and 

geochemical signatures to explore minerals and also to 

evaluate environmental geochemistry for diverse types of 

deposits (e.g., Afzal et al. 2013; Hassanpour and Afzal 

2013; Afzal et al. 2019; Shahsavar et al. 2020; 

Kouhestani et al. 2020; Saadati et al. 2020). Separating 

the geochemical anomalous areas from the background 

could be an important stage of geochemical exploration 

(Afzal et al. 2016). Accordingly, specimens of soil are a 

prevailing method that can help to demonstrate the spatial 

variation of the elemental concentrations (Çiftçi et al. 

2005; Anand et al. 2007; Oyarzun et al. 2011; Reid and 

Hill, 2010; Mrvić et al. 2011). Moreover, normal or 

lognormal distributions describe the spreading of 

elements on the basis of the statistical studies (Davis 

1986). The classical statistical methods could be 

employed by anomaly separations that have some 

structural features, including mean, percentile, and 

standard deviation (Reimann et al. 2005). However, the 

result of these methods cannot satisfy researchers' needs 

and they cannot provide a practical and real-world model, 

particularly for detecting weak geochemical anomalous 

areas, as they do not perceive spatial variance of the 

geochemical patterns (Davis 1986; Reimann et al. 2005; 

Zuo et al. 2013). After Mandelbrot (1982), fractal 

geometry has been utilized in various scientific fields. 

Likewise, Allégre and Lewin (1995) illustrated that the 

distribution of elements is normal or multimodal, which 

can be compared by fractal or multifractal models. 
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Furthermore, freshly researchers have indicated that 

geochemical data can have multifractal properties (Cheng 

1999, 2000, 2007; Xie and Bao 2004; Agterberg 2007; 

Zuo and Xia 2009; Deng et al. 2010; Pazand et al. 2011; 

Zuo 2011; Zuo et al. 2012; 2013; 2015; Daya 2015a; 

Daya 2015b; Daya and Afzal 2015; Daya et al. 2017; 

Aliyari et al. 2020; Ghaeminejad et al. 2020; Pourgholam 

et al. 2021; Yazdi et al. 2022). Currently, in order to gain 

a geochemical signature, researchers use fractal and 

multifractal models (Cheng et al. 2000; Carranza 2009; 

2010) such as concentration–area (C–A), perimeter–area 

(P–A) (Cheng et al. 1994), concentration–distance (C–D) 

(Li et al. 2003), number–size (N–S) (Mandelbrot 1982; 

Agterberg 1995), and power spectrum–area (S–A)  

(Cheng et al. 1999) models. Multifractal singularity 

mapping in the geochemical analyses has been 

exclusively studied (e.g. Cheng and Agterberg 2007; 

Cheng 2007; Zuo and Cheng 2008; Zuo et al. 2009; 

Delavar et al. 2012; Yazdi et al. 2015; Naeemi et al. 

2022). The concentration–perimeter (C–P) fractal model 

is related to the concentration–area (C–A) and perimeter–

area (P–A) fractal models (Cheng 1995). In this research, 

the C–A, C–P, and C-N fractal methods were used to 

compare together as well as to understand which of these 

fractal methods are acceptable. Finally, for further 

verification of the obtained results, the distribution map 

of heavy mineral anomalies was also drawn. 

 

2. Samples and analysis 
Sampling was carried out from different rock units, as 

well as from stream sediments. Stream sediment samples 
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(n=156), 27 samples of heavy mineral, and 18 

mineralized samples were collected for geochemical 

investigation. Stream sediment samples of the−80 mesh 

(0.18 mm) fraction were collected from the center of the 

streams. Concentrations of the elements were determined 

by inductively coupled plasma-mass spectrometry (ICP-

MS).  

International standard samples (JSD1, JSD2) and 

replicates were analyzed after every 10 samples for 

checking accuracy and precision. Mean deviations 

between the measured concentrations and reference 

values were less than 10%. Thus, the statistical 

parameters such as mean, average, logarithmic curves, 

and fractal distribution of geochemical population were 

calculated by Excel 10 and Arc GIS 10.1 software. The 

location of the stream sediment samples is shown in 

Figure 1.

 

 
 

Fig 1. Location of stream sediments in east of the Qhaen area 

 

3. Geological setting 
The Qhaen region, with an area of 82 square kilometers, 

is located in the 15 km east of the Qhaen city, at a 

northern latitude of 33°37ʹ to 33°43ʹ and eastern 

longitude of 59°19ʹ to 59°25ʹ, southern Khorasan 

Province, East of Iran. The studied area is structurally 

situated in the flysch zone of the East of Iran. The eastern 

zone of Iran is divided into two sub-zones of the Lut and 

the flysch zones. The eastern part of the Qhaen area has 

characteristics of the flysch zone, whereas its western 

part has characteristics of the Lut zone (Fig 2; Aghanabati 

2004). The Lut block is land with an N–S trend and a 

length of ~900 kilometers. Its northern border is the 

Doruneh fault and its southern border is the Jaz Murian 

depression (Stöcklin et al. 1972). The main faults in the 

studied area have an N–S trend, whereas minor faults 

have NW–SE and NE–SW trends. Besides, some rock 

units of the studied area are separated by major faults that 

are strike-slip. The Upper Cretaceous limestone complex 

is the oldest unit in the Qhaen area, consisting of marl, 

siltstone, and sandstone with a light gray to greenish-gray 

color. The Paleocene–Eocene conglomerate in the 

western and southern parts of the Qhaen area was covered 

by the limestone. Flysches of Paleocene–Eocene are 

mainly made of sandstone, shale, and turbidite sediments. 

All of which are composed of tuffite sandstone, siltstone, 

argillite, marl, and gypsum.  

The young terraces cover parts of low-slope and the 

Quaternary alluvial fans. The observed hydrothermal 

alterations in the studied area are mainly related to the 

basalt and andesitic basalt rocks. Alteration zones in the 

studied area are sericitic, chloritic, silicic, carbonatic, and 

Fe-oxyhydroxides alterations. Copper mineralization 

occurs as vein and veinlet and is genetically related to the 

basalt and andesitic basalt units (Qhasem Poor et al. 

2016). Malachite, chalcocite, digenite, bornite, 

chalcopyrite, and covellite are the main minerals. 

Paleocene-Eocene magmatism in the Qhaen area caused 

the widespread occurrence of volcanic rocks of 

intermediate composition. After tectonic activities of the 

Middle Eocene, ore-forming fluids were deposited within 

the fractures and available open spaces. The different 

phases of faulting provided a complex network of faults 

in different directions. They are thrust, thrust over, and 

strike-slip faults. 

Result of studies of the polished section and the element 

analysis using ICP-OES method from harvested cases 

from the sheets with mineralization represents this issue 

that the average copper grade is about 0.9%, and 

tungsten, molybdenum and gold respectively are about 
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180, 59, 0.35 g/t. The study of polished sections of the 

area from the sheets and silica zones shows that 

mineralization of chalcopyrite, pyrite, malachite, azurite, 

garnet and magnetite occurred.  The superficial 

mineralization are mostly oxidized in the surface and in 

the study of the sections a great volume of 

metamorphosed sulfite minerals are seen, so that healthy 

chalcopyrite is seen in the form of remaining among 

oxides and iron hydroxides and they are dissolved to 

secondary minerals of chalcocite and covelite. 

 

 
 

Fig 2. Geological map of east of the Qhaen area, southern Khorasan Province, East of Iran (Aghanabati 2004) 

 

4. Methods 
4. 1. Concentration–area (C–A) model 

Cheng et al. (1994) suggested the concentration–area (C–

A) method that has been employed to divide geochemical 

anomalies from the background. Concentration–area (C–

A) method is as follow: 

A(ρ≤v) ρ–a1; A(ρ≥v) ρ–a2 

Where A(ρ) represents the area with concentration values 

greater than the contour value ρ, v depicts the threshold, 

and –a1 and –a2 are fractal dimensions. In this log–log 

plot, we have breaks between straight-line segments, and 

the corresponding values of ρ have been employed as 

thresholds to split geochemical values into various 

components. 

4. 2. Concentration–perimeter (C–P) model 

The C–P fractal model is as below: 

P(ρ≤v) ρ–a1; P(ρ≥v) ρ–a2 

Where P(ρ) indicates the perimeter with concentration 

values greater than the contour value ρ, v illustrates the 

threshold, –a1 and –a2 are fractal dimensions, and P(ρ) is 

the perimeter surrounded by the contour value ρ on a 

geochemical contour map resulting from the interpolation 

of the original data by the weighted moving average 

method. 

4. 3. Concentration-Number (C-N) model 

Hassanpour and Afzal (2013) suggested the 

concentration–number (C-N) method having applied to 

explain the distribution of the geochemical population. In 

this method, there is not any pre-processing for  

geochemical data (Hassanpour and Afzal, 2013). The 

relationship between desirable properties and their 

cumulative numbers of samples can be shown by this 

model (Sadeghi et al. 2012). A power-law frequency 

model has been introduced to describe the C-N method 

according to the frequency distribution of elemental 

concentrations and the cumulative number of samples 

with those properties (e.g., Li et al. 1994; Sanderson et al. 

1994; Turcotte 1996; Shi and Wang 1998; Zuo et al. 

2009; Sadeghi et al. 2012). The following equation shows 

the definition of the model (Mandelbrot 1983; Deng et al. 

2010): 

N(≥ρ) = Kρ–D 

Where ρ indicates elemental concentration, N(≥ρ) 

implies the cumulative number of samples with 

concentration values greater than or equal to ρ, while K 

is constant; besides, D is the dimension of the distribution 

of elemental concentrations. On the basis of Mandelbrot 

(1983) and Deng et al. (2010), log–log plots of N(≥ρ) 

against ρ illustrate straight line segments with different 

slopes –D regarding varied concentration intervals 

(Sadeghi et al. 2012). 

 

5. Results and discussion 
Fractal geometry methods are one of the most applicable 

methods to study the distribution of geochemical 

population in geological and exploration studies. In 
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comparison with classical statistics, due to the fact that 

fractal geometry is the nature of geometry, it 

automatically omits off-line data and no variations in data 

are required. Identifying geochemical anomaly zones is 

one of the priorities of exploration projects. Therefore, in 

the study area, in addition to identifying these areas, three 

fractal methods include the C–A area, C–P, and N–S have 

been compared with each other. The mean values of Cu, 

Ag, Pb, and Zn in the analyzed samples are 35, 0.48, 10.3, 

and 61 ppm, respectively. The distribution of these 

elements in the analyzed samples from the Qhaen area is 

shown in Fig 3 and Table 1 presents the statistical 

parameters. 
Table 1. Statistical parameters for 156 stream sediment samples from 

east of the Qhaen region in ppm. 

Variable Mean Median St-dv �̅�+S �̅�+2S �̅�+3S 

Ag 0.48 0.45 0.15 0.63 0.78 0.93 

Cu 35 33.24 9.8 44.8 54.6 64.4 

Pb 10.3 10.25 1.94 12.24 14.2 16.15 

Zn 61 58.7 11.3 72.3 83.6 95 

X ̅: Mean ; S= Std.deviation

 

 
 

 
 

 
 

 
 

Fig 3. Histogram of Cu, Ag, Zn, and Pb for the stream sediment samples from east of the Qhaen area. 
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To select the best interpolation method, several factors 

are compared with the initial data. An optimal method is 

a method that generally has a higher mean value 

compared to the average raw data and has less variance. 

On the other hand, it has a meaningful relationship with 

its mode and median values. Therefore, the size of the 

samples less than the threshold remains within the logical 

limit. The Qhaen area was gridded by 100 m × 100 m 

cells, which was determined based on the geometrical 

properties of the studied area and sampling spacing 

(David 1977). In general, geostatistical estimation is a 

process in which one can obtain a value of a quantity at 

points with known coordinates using the same quantity 

elsewhere. Variograms and elliptical anisotropy are 

considered the most important components of 

geostatistical modeling and spatial interpolation. The 

variance of the elements between the points to the 

distance from each other can express the mutual 

correlation of the value of two points to the distance. In 

the case of a spatial structure, it is natural that the 

dependence of values of the points together in a deposit 

is greater than that of values of the distant points. This 

variance related to distance is called as variogram. 

According to the direction, the variograms are 

categorized into directional and omnidirectional 

variograms. In calculating the variogram at a given step, 

if the vector locates in any direction, the resulting 

variogram is called an omnidirectional variogram. The 

omnidirectional variograms and their fitted spherical 

models for Pb, Cu, Ag, and Zn were generated based on 

the data (Fig 4). As can be seen below, the graphs are 

plotted based on data covariance, which shows the 

similarity of the statistical populations in terms of 

distance. The radius of the impact of all elements is 

estimated to be about 1700-2000 meters, which is a 

function of Lag distance that represents the average 

sampling intervals. The effect of a fraction in Ag was 

150, in Cu 70, in Pb, and Zn in 500 and 900, which could 

be due to inappropriate calibration of analyzers to 

chemically decompose samples containing Pb and Zn. 

The variogram slope is very low in all cases, which can 

indicate the consistency of the deposit and sampling in 

the region, given the large sampling intervals, tolerance, 

and bandwidth that give us a perfect analysis. The trend 

is not seen in any of the samples, but the Zn variogram 

shows traces of the upward trend and the degree of trend. 

Generally, the Cu and Zn mineralization in the studied 

area occurs in the andesite unit that is considered as one 

of the most important ore rock associated with epithermal 

mineralization. Interestingly, the Au contents in the 

analyzed samples are low.  

Likewise, results of examining fitted models are 

presented in table 2. The grid models derived from the 

ordinary kriging method for Cu, Ag, Pb, and Zn that were 

used as inputs to Arc GIS 10.1 software, as shown in Fig 

5. 

 

 
Fig 4. Variograms and fitted models for Cu, Ag, Pb, and Zn Pb in the Qhaen area. 

 
 

Table 2. Results of examining fitted models. 

Variable Model Anisotropy Major range Minor range C0 Nugget effect 

Ag Spherical × 260 - 210 130 

Cu Exponential × 520 - 250 120 

Pb Spherical √ 480 167 135 145 
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Fig 5. Distribution maps of Ag, Cu, Pb, and Zn in the Qhaen area. 

 

C–A log–log plots for Ag, Cu, Pb, and Zn demonstrated 

four index breaking points and two enrichment stages 

(Fig 6 and Table 3). On the basis of the C–A log–log plot, 

the threshold value of Ag is 0.76 ppm. It means that 

where the threshold values are considerably in breaking 

points between straight-line segments, lower values are 

background and most of them are anomalous. The 

mineralization mainly occurs in grades above 0.91 ppm 

(Fig 6). Based on the C–A log–log plot, there are four 

index breaking points and two enrichment steps for Cu 

within the threshold values of 30 ppm and 90 ppm (Table 

3). The populations higher than 65 ppm had a high 

enrichment step of Cu. Also, three index breaking points 

and two enrichment stages are observed in the 

logarithmic graph for Pb. Hence, the threshold value of 

Pb is 10.7 ppm, and mineralization mainly occurs in 

grades above 13.7 ppm. Their threshold values are 10.3 

ppm and 21.5 ppm, as presented in Table 3. In the case of 

Zn, the threshold value is 69 ppm and mineralization 

mainly occurs in grades above 85 ppm. The C–P log–log  

plots for Ag, Cu, Pb, and Zn are the same as the C–A log–

log plot (Fig 7). The N–S log–log plots for Ag, Cu, Pb, 

and Zn are shown in Fig 9. Generally, the output of Ag 

and Pb in the C–P and C–A log–log plots had similar 

characteristics. Also, for Cu and Zn, there is a similarity 

between the C–P and C-N outputs (Fig 7 and 8).
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Table 3. Thresholds of the C–A, C–P, and C–N fractal methods for geochemical anomalies of Ag, Cu, Pb, and Zn in the Qhaen region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 6. C–A log–log plots for Ag, Cu, Pb, and Zn in the Qhaen area. 

 

 
Fig 7. C–P log–log plots for Ag, Cu, Pb, and Zn in the Qhaen area. 

 

  Ag (ppm) Cu (ppm) Pb (ppm) Zn (ppm) 

C–A Low background 0–0.53 0–30 0–10.3 0–69 

High background 0.53–1.03 30–90 10.3–21.5 69–112 

Anomaly >1.03 >90 >21.5 >112 

C–N Low background 0–0.51 0–74 0–8.3 0–93 

High background 0.51–0.68 74–173 8.3–15.5 93–166 

Anomaly >0.68 >173 >15.5 >166 

C–P Low background 0–0.8 0–85 0–19 0–91 

High background 0.8–0.95 85–195 19–24 91–162 

Anomaly >0.95 >195 >24 >162 
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Fig 8. C-N log–log plots for Ag, Cu, Pb, and Zn in the Qhaen area. 

 

According to C–A, C–P, and C-N methods, anomalous 

maps of Ag, Cu, Pb, and Zn are shown in Figs. 9–11. The 

anomalies observed in Ag by C–A method is located in 

the southwest and by C–P method is in the north and 

southwest, while C-N method is different from the other 

two methods located in the central, western, and 

southwestern part. (Figs. 9–11). The Cu anomaly can be 

seen in the north, the east, and the southeast of the areas 

by applying C–A, C–P, and C-N methods. (Figs. 9-11). 

The Pb anomaly in the C–A method is similar to the Cu 

anomaly.  

Pb anomaly can be seen in the north, the east, and the 

southeast; however, there is an anomaly in the eastern in 

the C–P method. The C-N method shows the central and 

the eastern part of the area have a high anomaly of Pb 

(Figs. 9-11). Zn anomalies in the C–A method are very 

similar to those of Cu in the north, the east, and the 

southeast. The anomalies of Zn in C–P and C-N methods 

are similar together and show a weak anomaly in the 

eastern part (Figs. 9-11).  

In order to compare the three fractal methods used for Ag, 

Cu, Pb, and Zn together, it is observed that in the Ag, the 

C-A and C-P methods are similar. In the Cu, all three 

methods are similar and exhibit almost identical 

anomalies while it is a bit different in each of the three 

methods in relation to Pb. Finally, the Zn element is a bit 

similar to the Cu anomalies in the C–A method, and the 

other two methods, C–P and C-N is slightly similar. In 

general, it can be inferred that there is little similarity 

between the three methods used together.  

However, these similarities are slightly more pronounced 

in the two C–A and C–P models, especially for Cu, Ag, 

and Zn (Figs. 9-11).

 

  

Fig 9. Ag, Cu, Pb, and Zn anomalies from the C–A plot in the Qhaen region. 
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Fig 9. Continued. 

 

  

  

Fig 10. Ag, Cu, Pb, and Zn anomalies from the C–P plot in the Qhaen region.
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The obtained threshold values from the C–A, C–P, and 

C-N methods were correlated with the lithological units 

in the Qhaen region. 

High enrichment step of Ag from the C–A method is 

observed in the southwestern and a bit in the southern 

parts of the studied area, which is correlated with the 

andesite, marl, and sandstone units. Moderate enrichment 

step of Ag is also observed in the southwestern part in the 

andesite, marl, and sandstone units, in the central part in 

the andesitic unit, as well as in the western part in the 

conglomerate unit. In detail, based on the C–P method for 

Ag, there is a similarity between the southwestern part 

and the southern part. Although, the C–P method shows 

a more enrichment of Ag in the northern part of the Qhaen 

area in comparison with the C–A method. Based on the 

C-N method, the high anomaly of Ag is observed in the 

southwestern, western, and central parts of the studied 

area, which is slightly different from the resultant results 

of the C–A and C–P methods. Due to the fact that the 

thresholds of the C–A and C–P methods are similar; the 

Ag anomalous maps are approximately in the same 

shape. 

High enrichment step of Cu from the C–A method is 

observed in the northern, southeastern, and eastern parts 

of the Qhaen area, which is correlated with the andesitic 

unit. Besides, moderate Cu anomalies are observed in the 

central, eastern, and northern parts. The anomalies 

identified for copper are similar in all three methods, but 

most of the C-P and C-N methods are similar.   

Based on the C–A method, high concentrations of Pb are 

observed in the northern, southeastern, and eastern parts 

of the studied area, corresponding with the andesitic unit. 

However, based on the C–A and C-N methods, moderate 

Pb anomalies are widespread and they are concentrated 

mostly in the eastern, southern, and central parts that are 

correlated with tuff, andesitic basalt, basalt, andesite, 

marl, and sandstone. 

 

 

  

 
 

Fig 11. Ag, Cu, Pb, and Zn anomalies from the C-N plot in the Qhaen region.
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Zn also indicates an anomaly that is similar to Cu in the 

C–A method, showing anomalies in the north, the east, 

and the southeast, these anomalies are correlated by the 

andesitic unit of the studied area. In addition, the 

moderate anomaly of Zn is also in the northern, central 

and eastern parts of the studied area is very similar to the 

Cu. In the C–P method, a very small anomaly is shown in 

the eastern part and a large moderate anomaly is not 

detectable. A weak moderate anomaly can be observed in 

the east of the area. In detail, there is a positive 

relationship between Cu and Zn anomalous areas 

especially in the C-A method in the northern, 

southeastern, and eastern parts of the Qhaen area that 

make them worthy of further investigation. However, Au 

and Ag values in the analyzed samples are low. 

As mentioned above, the main faults in the Qhaen area 

have an N-S trend, whereas minor faults have NW–SE 

and NE–SW trends. Most of the faults in the region are 

well correlated to Cu, Pb, and Zn mineralization. The 

dyke observed in the study area is also in the north-south 

trend, which almost follows the main faults of the study 

area. No alteration or mineralization zones have been 

observed around this dyke, which may indicate that the 

dyke is unrelated to mineralization in the area. Fig 12 

shows the distribution maps of Cu and Fe, based on 27 

heavy mineral samples (Table. 4). The highest 

enrichment step of Cu occurs in the southeastern, 

northern, and eastern parts of the studied area (Fig 12), 

which is consistent with the results of the C–A fractal 

model.  

There also is anomalies of Fe-oxyhydroxides in the 

southeastern part of the Qhaen area. Indeed, after field 

studies, and the comparison of the types of fractal models 

made, it can be concluded that the results obtained from 

the concentration-area method in this area were more 

efficient than other methods and are closer to reality. 
 

 

Table 4. Results of Cu, Pb, and Zn anomalies of 27 heavy mineral samples from the Qhaen area. 

 
 

Name anomaly Heavy mineral Rock type 
 

Zn (ppm) Cu (ppm) Pb (ppm) 

Cu 

LV-03 Andesite 2.03 1340 17 

LV-04 Andesite 12.9 3450 61 

LV-05 Andesite 36.1 4240 78 

Pb 

LV-06 Turbidity 23 2970 847 

LV-08 Andesite 14 2570 209 

LV-10 Conglomerate and tuff 3 8900 55 

Zn 
LV-01 Andesite 9.38 2100 45 

LV-02 Andesite 31 4240 78 

 

  

 

Fig 12. Distribution maps of Cu and Fe-oxyhydroxides from heavy minerals from the Qhaen area.
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6. Conclusions 
Malachite, chalcocite, digenite, bornite, chalcopyrite, 

and, covellite are the main minerals in the Qhaen area. 

Chalcopyrite and magnetite, as the primary minerals, 

were converted to covellite, malachite, chalcocite, and 

limonite. Copper mineralization occurs mainly as vein 

and veinlet that is genetically related to the andesitic 

rocks. 
Undoubtedly, fractal geometry methods are one of the 

best and most applicable methods for studying the 

distribution of geochemical populations in geological and  

exploration studies. In comparison with classical 

statistics, it automatically deletes off-line data, and no 

change in data is required due to the fact that fractal 

geometry is the nature of geometry. The bivariate 

statistical studies have shown the accuracy and precision 

of the C–A method. 

Based on the Cu and Zn anomalies maps, the suggested 

anomalous areas identified by the C–P and C-N methods 

were approximately similar. According to the maps of 

Ag, Cu, Pb, and Zn geochemical anomalies, the 

suggested anomalous areas identified by the C–A and C–

P models were approximately in the same shape and 

location. The Cu anomaly is similar in all three methods 

and indicates almost identical anomalies. In the Pb, the 

similarities are very small in all three methods. Finally, 

the Zn is a bit similar to the Cu anomalies in the C–A 

method, and in other two methods, C–P and C-N, are 

slightly similar. In general, it can be inferred that there is 

a little similarity among the three methods used. 

However, these similarities are slightly more pronounced 

in the two C–A and C–P models, especially related to Cu, 

Ag, and Zn. Based on the analysis of heavy mineral 

samples, anomalies of Cu are also seen in the 

southeastern, northern, and eastern parts of the studied 

area, consistent with obtained results of the C–A fractal 

model. Indeed, after fieldwork, extracted quarries, and 

comparing the types of fractal models calculated, it can 

be concluded that the results obtained from the 

concentration-area method in this area were more 

efficient than other methods and are closer to reality. 
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