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Abstract 
 

The purpose of this study is to identify the enriched zones of Cu, Mo and Re in Nowchun Mo-Cu porphyry deposit (SE Iran) 
based on subsurface data and using of concentration–volume (C–V) fractal model. The C-V model illustrates four, five and three 
geochemical zones for Mo, Cu and Re distributions respectively. The main mineralization for Mo,  Cu and Re commence from 251 
ppm, 0.2% and 2238 ppb respectively, based on the C-V fractal modelling. However, elemental enriched zones contain Mo ≥ 501 
ppm, Cu ≥ 0.4% and Re ≥ 4466 ppb. Based on a correlation between results obtained by the C-V and geological models, the 

supergene enrichment zone with Cu≥ 0.4% occurs in a small area of NE part at the Nowchun deposit within chalcocite accumulation. 
The enriched zones for Mo and Re derived via the C-V model are located in the NE, central and SW parts of the deposit. Mo and Re 
enriched zones correlate with molybdenite in the deposit. 
Keywords: Concentration–volume (C–V) fractal model, Mo-Cu porphyry deposit, Enriched Zones, Re, Nowchun, Iran 

 

 

1. Introduction 
Fractal models were established by Mandelbrot (1983), 

which have been comprehensively applied to 
geosciences in the past three decades. These models 

have been utilized for distinguishing geological 

objectives and features (Mandelbrot, 1983; Cheng, 

1995, 2007; Sim et al., 1999; Shen and Zhao, 2002; 

Wang et al., 2011) and for separating different 

anomalies from background values (Cheng et al., 1994; 

Goncalves et al., 2001; Li et al., 2003; Ali et al., 2007; 

Carranza, 2008; Afzal et al., 2010; Hassanpour and 

Afzal, 2011), and for quantifying properties of 

mineralized zones and ore deposits (Turcotte, 1986; 

Agterberg, 1993; Cheng and Agterberg, 2009; Zuo et 
al., 2009; Carranza and Sadeghi, 2010; Afzal et al., 

2011, 2012; 2015; 2016; Wang et al., 2011; Zuo 

2011a,b; Zhao et al., 2011). Fractal models are proper 

approaches for separation of geochemical populations 

especially for enriched zones of ore elements.  

Fractal models were established by Mandelbrot (1983), 

which have been comprehensively applied to 

geosciences in the past three decades. These models 

have been utilized for distinguishing geological 

objectives and features (Mandelbrot, 1983; Cheng, 

1995, 2007; Sim et al., 1999; Shen and Zhao, 2002; 
Wang et al., 2011)  

and for separating different anomalies from background 

values (Cheng et al., 1994; Goncalves et al., 2001; Li et 
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al., 2003; Ali et al., 2007; Carranza, 2008; Afzal et al., 

2010; Hassanpour and Afzal, 2011), and for quantifying 

properties of mineralized zones and ore deposits 

(Turcotte, 1986; Agterberg, 1993; Cheng and 

Agterberg, 2009; Zuo et al., 2009; Carranza and 

Sadeghi, 2010; Afzal et al., 2011, 2012; 2015; 2016; 
Wang et al., 2011; Zuo 2011a,b; Zhao et al., 2011). 

Fractal models are proper approaches for separation of 

geochemical populations especially for enriched zones 

of ore elements.  

In this paper, the concentration-volume (C-V) fractal 

model is used to distinguish the enriched zones of the 

Cu, Mo and Re based on borehole datasets in Nowchun 

Mo-Cu porphyry deposit located in SE Iran. In this 

analysis the fractal model is briefly presented for 

demonstrating the data processing involved. On the 

other hand, comparison between results obtained by the 

C-V fractal and geological models consisting of 
zonation, alteration and mineralography to discriminate 

enriched zones were carried out. 

 

2. Concentration-volume (C-V) fractal model 
The C-V fractal model, which was proposed by Afzal et 

al. (2011) for determination of various mineralized 

zones and host rocks in porphyry deposits, which is 

used to describe elemental spatial distributions. The 

model is expressed by the following equation: 

V (ρ≤υ)  ρ -a1 ;   V(ρ≥υ)  ρ -a2 (1) 
where V (ρ≤υ) and V (ρ≥υ) demonstrate two volumes 

with concentration values less than or equal to and 
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greater than or equal to the contour value ρ; υ indicates 

the threshold value of a mineralized zone (or volume); 

and a1 and a2 are characteristic exponents. Elemental 

threshold values in this model represent boundaries 

between different mineralized zones and host rocks in 

an ore deposit. To calculate V(ρ≤υ) and V(ρ≥υ), which 

are the volumes enclosed by a contour level ρ in a 3D 

block model, the borehole data of ore element 

concentrations were interpolated by use of geostatistical 

or IDW estimation. 

 

3. Geological setting of Nowchun deposit 
The Nowchun Mo–Cu porphyry deposit is located about 

65 Km south of Rafsanjan city and 4 Km of SW 

Sarcheshmeh copper mine as biggest Iranian copper 

mine, SE Iran (Fig. 1). 

This deposit is situated in the SE part of Urumieh-

Dokhtar Cenozoic magmatic belt which is extended 

1700 Km and 150 Km wide from NW to SE Iran, as 

depicted in Fig. 1 (Alavi, 1994; Shahabpour, 1994;

 

 
 

Fig. 1. Location of the Nowchun deposit and the Iranian great Cu deposits of Sar-Cheshmeh, Sungun and Maydouk at the Cenozoic–
Quaternary magmatic belt of Urumieh–Dokhtar. (Modified from Stöcklin, 1968 and Daliran, 2008) whitin simplified geological map 

of Nowchun deposit and its boreholes locations. 
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Alavi, 2004; Dargahi et al., 2010; Afzal et al., 2010). 

This belt has been interpreted to be a subduction related 

Andean-type magmatic arc that has been active from the 

Late Jurassic to the present. The rock types of this belt 

are composed of voluminous tholeiitic, calcalkaline, and 

K-rich alkaline intrusive and extrusive rocks with 

associated pyroclastic and volcanoclastic successions, 

along the active margin of the Iranian plates (Berberian 

and King, 1981; Dargahi et al., 2010). The famous 

Iranian porphyry deposits, such as Sarcheshmeh, 

Sungun, Meiduk, Kahang and Darehzar have been 

occurred in this belt (Shahabpour, 1994; Atapour and 
Aftabi, 2007; Boomeri et al., 2009; Afzal et al., 2010; 

2011).  

There is an Eocene volcano-sedimentary complex 

includes granite, diorite – porphyry, tuff and rhyodacite 

rocks based on Yugoslavian geologists’ exploration in 

1972 (Fig. 1). Eocene andesitic units surround the 

complex and alteration zones. Porphyry Dioritic units 

expand in the southern part of the deposit, adjusted of 

the granite. Most of the Oligocene –Miocene 

rhyodacitic units are located in the NE part of the area. 

There are two major structural systems with trends of 
the E-W and NE-SW faults (BEOGRAD-Yugoslavia, 

1972).  

Alteration zones consist of potassic, phyllic, argillic and 

propylitic in this deposit. Argillic zone is several parts 

in this area but phyllic is extended in most parts of the 

deposit. The Cu mineral occurrences are not very 

abundant and consist mostly of malachite and azurite 

within quartz veins and veinlets contain chalcopyrite in 

several parts of the area. Sulfide minerals include pyrite, 

chalcopyrite, molybdenite, galena, sphalerite, 

tetrahedrite, pyrrhotite, magnetite, hematite, marcasite, 

chalcocite, bornite and covelite, malachite and azurite. 
Pyrite, chalcopyrite and molybdenite exist are numerous 

in this deposit.  

Chalcopyrite and molybdenite were disseminated in 

most parts of this deposit which show that there is a big 

hypogene zone. Enriched copper minerals including 

chalcocite and covellite are low content only in the NE 

part of the area. Based on study by Lali faz et al. (2014), 

Re occurred within the molybdenites in Cu-Mo 

porphyry deposits of Kerman magmatic belt.  

 

4. C-V fractal modelling in the Nowchun deposit 
In this study, 20,510 samples were collected from cores 

at 2m intervals obtained from the 78 boreholes that were 

drilled in the Nowchun deposit. The samples were 

analyzed by the ICP-MS method for elements relating to 

Cu-Mo mineralization. However, 51 samples were 

analyzed for Re in the deposit. The Mo, Cu and Re 

concentrations were considered within this paper. The 

Mo, Cu and Re histograms show that their distributions 

are not normal in the deposit and Mo, Cu and Re 
averages are 190 ppm, 0.168% and 306 ppb, 

respectively (Fig. 2). 

 
 

 
 

 
Fig. 2. Cu, Mo and Re histograms 

 

The experimental variograms for Mo and Cu were 

created by SGeMS software as depicted in Fig. 3. Cu 

and Mo ranges are 200 m and 250 m based on their 

variograms. The project dimensions are 1400 m ×1040 
m ×760 m in X, Y and Z direction and each voxel has a 

dimension of 20×20×10m, respectively, and the deposit 

was modelled with 391,776 voxels. 3D distributions of 

Mo and Cu were estimated with Ordinary Kriging (OK) 

but the distribution of Re is evaluated by IDW method 

based on small number for Re samples. Main 

mineralization in this deposit is Mo and Cu is minor ore 

element. Re is paragenesis of Mo in the porphyry 

deposits. 

 



Daneshvar Saein / Iranian Journal of Earth Sciences 9 (2017) / 64-72 

 

 

 

67 

 
 

 
Fig. 3. Cu and Mo experimental variograms in the Nowchun deposit 

 

Cu and Mo ranges are 200 m and 250 m based on their 

variograms. The project dimensions are 1400 m ×1040 
m ×760 m in X, Y and Z direction and each voxel has a 

dimension of 20×20×10m, respectively, and the deposit 

was modelled with 391,776 voxels. 3D distributions of 

Mo and Cu were estimated with Ordinary Kriging (OK) 

but the distribution of Re is evaluated by IDW method 

based on small number for Re samples. Main 

mineralization in this deposit is Mo and Cu is minor ore 

element. Re is paragenesis of Mo in the porphyry 

deposits. 

Mo threshold values were identified by the C-V log–log 

plot which shows four geochemical populations and 
three threshold values corresponding to 126, 251 and 

501 ppm, as depicted in Fig. 4 and Table 1. Mo enriched 

zone have values higher than 501 ppm based on the C-V 

log-log plot for Mo. The log-log plot illustrates a 

multifractal model for Mo which shows two phase of 

Mo mineralization. The Mo main mineralization begins 

from the second threshold which is 251 ppm in this 

deposit. However, Mo≤224 ppm is considered as host 

rock in terms of Mo distribution. 

 
Table 1. Mo and Cu thresholds calculated by C-V fractal model in the Nowchun deposit 

 

 
Fig. 4. C-V log-log plots for Cu and Mo 

 

Geochemical population Mo (ppm) threshold value Range Mo (ppm) Cu (%) threshold value Range Cu (%) 

First - - - <0.06 

Second - <126 0.06 0.06-0.2 

Third 126 126-251 0.2 0.2-0.32 

Fourth 251 251-501 0.32 0.32-0.4 

Fifth 501 >501 0.4 >0.40 
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Geochemical 

population
Re (ppb) threshold value Range Re (ppb)

First - <2238

Second 2238 2238-4466

Third 4466 >4466

In accordance with the application of the C-V fractal 

model for Cu, there are five populations with four 

breakpoints according to the log-log plot corresponding 

to 0.06%, 0.2%, 0.32% and 0.4% in the deposit (Fig. 4 

and Table 2). The Cu log-log plot depicts a multifractal 

model for Cu mineralization same as Mo. The first 

threshold of 0.06% characterizes the start of the Cu 

mineralization in the deposit and the range of Cu 

concentrations <0.2% is considered as host rocks. The 

second threshold value of Cu is 0.2% where the main 

Cu mineralization starts from. The range of Cu values > 

0.4% demonstrates an enriched zone for Cu. Main 
mineralization commences from 0.4% Cu values and 

includes main part of hypogene and supergene 

enrichment zones.  

Based on C-V fractal modelling for Re, there are three 

population and two breakpoints regarding to 2238 and 

4466 ppb. Main Re mineralization commences from the 

first threshold which is 2238 ppb. The Re 

concentrations higher than 4466 ppb illustrate enriched 

zone for Re based on the fractal modelling. 3D 

distribution models of the elements have been generated 

by RockWorks software packages in order to prepare 

the basic fundamentals for the C-V fractal model. Based 

on the C-V fractal model, supergene enrichment zone 

with Cu>0.4% is very small and located in the NE part 

of the deposit. Hypogene zone with Cu≥ 0.32% is 

disposed in a SW-NE trend, as depicted in Fig. 5. 

According to the C-V fractal model of Mo, enriched 

zone with Mo higher than 501 ppm is situated in small 

parts of the central and SW parts of the deposit. The 
hypogene zone with 251-501 ppm Mo values occur in 

the SW-NE trend of the deposit (Fig 6). Re concentrated 

areas are located in eastern and NE parts of the deposit, 

especially Re enriched zone with Re > 4466 ppb, as 

depicted in Fig. 7. 

 

 

 
Table 2. Re thresholds calculated by C-V model in the Nowchun deposit 

 

 

 

 
 

 

 

 

 

 
Fig. 5. Cu populations based on C-V model: supergene enrichment zone for Cu (a), hypogene zone with 0.32%<Cu<0.4% (b), low 
grade hypogene zone with 0.2%<Cu<0.32% (c), host rocks (d) and hypogene geological zone including pyrites and chalcopyrites 
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Fig. 6. Mo populations based on C-V model: Mo enriched zone with Mo> 501 ppm (a) and hypogene zone                                              

with 251<Mo<501 ppm (b) 

 

 

 

 
Fig. 7. Re populations based on C-V model: Re enriched zone with Re> 4466 ppb (a) and zone with 2238<Re<4466 ppb (b) 

 

 

5. Comparison of C–V modelling with geological 

models 
Elemental enriched zones obtained by the C-V 

modelling are compared and correlated with the 3D 

geological models of this deposit which generated by 

RockWorks™ v. 15 software and subsurface data 

collected from drillcores. These data include collar 

coordinates of drillcores, azimuth and dip (orientation), 
mineralography and geological zonation in according to 

geological logging of drillcores.  

The supergene enrichment zone defined by the C-V 

modelling (0.4≥ Cu values) is located in a small area 

which is well correlated by chalcocite and supergene 

enrichment zone derived via geological model in the NE 

part of the deposit (Fig. 8). The chalcocite is seen only 
in NOC_16, as depicted in Fig. 8. 

This is only part of supergene enrichment zone with 

geological evidence. However, enriched zones for Mo 

and Re correlate with molybdenite distribution model, 

as illustrated in Fig. 9. It is a geological evidence for 

validation of the C-V modelling results because Re is 

concentrated in molybdenite (Guilbert and Park, 1986; 

Pirajno, 2009). Moreover, the enriched zones of the Mo 

and Re have a good correlation with hypogene zone 

obtained by geological model (Fig. 9). Based on 

geological study, hypogene zone is extended in all parts 
of the deposit. 
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Fig. 8. Comparison and correlation between supergene enrichment zone resulted by C-V modeling and chalcocite distribution in 

NOC_16 

 
 

Fig. 9. Correlation between Mo (a) and Re (b) enriched zones resulted from C-V modeling with Molybdenite model (c) derived via 
geological model 

 

6. Conclusion 
In this paper, the C-V fractal model was used to 

delineate Mo, Cu and Re mineralized zones in the 
Nowchun Mo-Cu porphyry deposit, SE Iran. Based on 

the results obtained from the C-V fractal model, the last 

threshold values for Mo, Cu and Re are 501 ppm, 0.4% 

and 4466 ppb, respectively. Supergene enrichment zone 

have Cu≥0.4% which is very small and situated in the 

NE part of the deposit. The Mo enriched zones are small 

parts in the central and SW parts of the deposit also Re 

enriched zone is located in the NE part of the deposit. 

However, thresholds for enriched zones of Mo, Cu and 

Re are 501 ppm, 0.4% and 2238 ppb, respectively. 

According to the correlation between results of the C-V 
fractal model and geological data, the enriched zones 

obtained by the C-V fractal model have a proper 

correlation with the mineralographical model. The Cu 

supergene enrichment zone correlates with chalcocite 

mineral in the NE part of the deposit. Correlation 

between the Mo-Re enriched zones derived via the C–V 

model and mineralographical characteristics shows that 

the Mo-Re enriched zone has a high correlation with the 

molybdenite accumulations in the Nowchun deposit. 
Moreover, the Mo-Re enriched zones associate with the 

hypogene zone derived via geological model.  
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