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ABSTRACT  
 

The aim of this study is the use of number-size (N-S) fractal model based on geoelectrical data including 
induced polarization (IP) and resistivity (RS) for targeting areas with different sulfidic mineralization zones in 
Shadan Cu-Au porphyry deposit, SE Iran. The N-S fractal model employed in this research in order to separate 
high and main sulfidic zones from low sulfidic zone and wall rocks in the deposit is corresponding to 
chargeability and resistivity. Results obtained from N-S model illustrate that high sulfidic mineralized zones 
were situated in western and SE parts of the deposit. Utilizing of N-S model based on geophysical data is a 
proper approach for delineation of various mineralization zones in the depth for optimization of mineral 
exploration operation, particularly in porphyry deposits.  
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Introduction  
 

Different types of ore deposits are associated 
with different mineralization types which may affect 
the physical properties of rocks, minerals in the 
deposits. The induced polarization and electrical 
resistivity methods are appropriate tools in mineral 
exploration especially in sulfidic ores such as 
porphyry and epithermal deposits [9,10]. 
Disseminated sulfide minerals produce high values 
of polarization effects and chargeability which are 
showing sulfide mineralization zones in different 
depths of the deposits [25,21,30]. Areas with high 
values of chargeability and low values of resistivity 
indicate accumulation of sulfide minerals in the 
depth, specifically in porphyry deposits [18,14,16]. 
Mineralized zones in the porphyry deposits always 
has lower resistivity and higher chargeability than 
wall rocks because these deposits have high values of 
sulfidic minerals such as pyrite, chalcopyrite, 
chalcocite, covelite and bornite [5,3]. These areas are 
proper for drilling of exploratory boreholes in the 
porphyry deposits because their mineralized zones 
continuous to depths more than 1000 m [3].  

Fractal and multifractal models established and 
developed by Mandelbrot [15] is widely applicable in 

various branches of geosciences. Fractal and 
multifractal models are intended to different 
branches of geophysical exploration such as 
separation of geophysical anomalies from 
background, spatial geomagnetic polarity and signal 
analysis, e.g., Turcotte [26], Schloz and Mandelbrot 
[20], Korvin [13], Turcotte [27], Turcotte [28], Dimri 
[7], Shen et al. [23] and Afzal et al. [1]. Fractal 
models also represent relationships of geophysical, 
geological and geochemical settings with spatial 
information derived from analysis of mineral deposit 
occurrence data [27,12,7,4,1]. Fractal dimensions in 
geological, geochemical and geophysical processes 
correspond to variations in physical attributes such as 
mineralogy, vein and veinlets density or orientation, 
fluid phases, alteration zones, structural feature and 
so on [27,24,4,1]. Therefore, fractal dimensions of 
variations in geophysical data can provide useful 
information and applicable criteria to identify and 
categorize mineralized zones within a study ore 
deposit. Various log-log plots between a geometrical 
character such as area, perimeter or volume and a 
geophysical quality parameter like geoelectrical data 
in fractal models are suitable for distinguish of 
geological recognition and populations’ classification 
in geophysical data because threshold values can be 
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identified and delineated as breakpoints in those 
plots. These geophysical threshold values are usually 
correlated by geological data in different types of ore 
deposits.  

The aim of this study is to apply a number-size 
(N-S) fractal method to discriminate high 
mineralized sulfidic zones from others based on the 
distribution of chargeability and resistivity achieved 
by IP and RS methods, in the Shadan Cu-Au 
porphyry deposit located in SE Iran.  
 
Number-Size Fractal Model: 

 
The number-size (N-S) model is proposed by 

Mandelbrot [15] with a difference that instead of 
size, the geophysical parameter such as chargeability 
is used. In the other hand value of geophysical 
parameter replace size in follow form [15]: 
 
Nr (≥c) ≈ Fc

D         
     
     (1) 

 
where c denotes geophysical parameters, Nr (≥c) 

the cumulative number of samples with values 
greater than or equal to c. The value of each point in 
this formula is related to the fractal dimension (D). 
Based on this model, Turcotte [26] proposed 
frequency-size fractal model for geophysical 
analysis.  

 
Geological Setting: 

 
Porphyry Cu-Au deposits in the Lut block of 

eastern Iran such as Shadan and Maher-Abad formed 
in the middle Eocene at the end of a period of 
extensive Paleocene-Eocene volcanism [2,22,17]. 
The Shadan porphyry deposit is located in southern 
Birjand, SE Iran, as depicted in Figure 1. The deposit 
(37.26 ± 0.26 Ma) crops out on the southern flank of 
an E-W−trending range of andesite-dacite volcanic 
hills where a dioritic pluton intrudes the volcanic 
cover. There are Eocene-Oligocene volcanic rocks 
but they clearly predate the late Eocene porphyry 
[11,17]. 

The deposit has a large phyllic alteration zone 
with a strongly altered potassic core containing 
minor malachite in outcrop; surrounding andesitic 
volcanic rocks are propylitically altered. The deposit 
is at least partially buried by Quaternary pediment 
gravels to the southwest, suggesting potential for an 
extension of mineralization beneath cover, and 
surface gossans suggest the possibility of secondary 
enrichment below surface. Surface exploration data 
for Shadan indicate grades of up to 0.44 g/t Au and 
0.12% Cu in surface rock samples over an area of 
~400 ×150 m, but the deposit has not been 
systematically explored to date [17]. 

 
Application Of N-S Fractal Model: 

 
Geoelectrical data was collected along 11 

profiles with 223 points in four prospects with 
approximate length of 2600 in Shadan deposit, as 
illustrated in Figure 2. The surface IP/RS field survey 
used the time domain method with a pole-dipole 
configuration. The current field survey used a dipole 
spacing of 40 m. Inverse modeling of chargeability 
and apparent resistivity data resulted from pole-
dipole measurements is achieved by RES2DINV 
software. The inversion algorithm used is applicable 
to variable electrode configurations including buried 
electrodes, which has been applied to several 
tomographic problems to solve systems of linear 
equations [8,29]. Chargeability and resistivity 
evaluated by estimated block models which were 
constructed based on ordinary kriging (OK) method 
by RockWorks™ v. 15 software package. The area 
was modeled by 10 m× 10 m× 5 m voxels with 
respect to geometrical properties of deposit and 
surveying grid dimensions [6].  

Afterwards, the N-S model was applied to the 
geoelectrical dataset of the Shadan porphyry Cu-Au 
deposit in order to separate different sulfidic zones 
resulting N-S log-log plot for chargeability and 
resistivity (Figure 3). The selections of the 
breakpoints appear to be an objective decision 
because geophysical populations can be defined by 
the various line segments. In other words, the 
intensity of chargeability and resistivity is shown by 
slope changes of the line segments in log-log plots 
[1].  

Based on this process, there are five populations 
for chargeability and resistivity with multifractal 
natures. As a result, four levels of chargeability exist 
in the deposit and chargeability first threshold value 
is 4.5 mV/V. Therefore, chargeability values lower 
than 4.5 mV/V is wall rocks (Table 1). The fourth 
and fifth populations higher than 45 mV/V is the 
beginning of major sulfidic mineralization. Final 
population can be indicates high sulfidic zone with 
chargeability higher than 89 mV/V.  

First threshold is 56 Ohm.m in the resistivity 
log-log plot, as shown in Figure 3. Main sulfidic 
zone is lower than second threshold value equal to 
501 Ohm.m that the best part of sulfidic 
mineralization zone correlates with resistivity lower 
than first threshold of ρ equal to 56 Ohm.m. Low 
sulfide mineralization zone is considered to range 
between second and forth threshold equal to 501 and 
891 Ohm.m (Table 2). High values of resistivity are 
considered higher than 891 Ohm.m which represent 
wall rocks.  

According to geoelectrical particulars and N-S 
results, it can be considered that the main sulfidic 
zone has chargeability higher than 45 mV/V and 
lower than 501 Ohm.m, as illustrated in Figure 4. It 
can be interpreted that high sulfidic zone has 
chargeability values in higher than 89 mV/V and 
resistivity values lower than 56 Ohm.m (Figure 5). 
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Wall rocks and low sulfidic zone can be considered 
to the range of higher than 891 Ohm.m and lower 
than 4.5 mV/V for resistivity and chargeability, 
respectively. 

Based on chargeability and resistivity 
distribution 3D model and results obtained by N-S 
model, high and main sulfidic zones of chargeability 
and resistivity are very small parts and situated in the 

western and SE parts of the deposit (Figure 6). 
Moreover, main sulfidic mineralization zone resulted 
via N-S model are situated in the western, NW and 
SE parts of the deposit (Figure 6). Based on results 
from N-S model, the SE and eastern parts of this 
deposit can be proper for drilling of exploratory 
boreholes.

 
Table 1: Threshold values obtained by using N-S model based on Chargeability (mV/V) in Shadan deposit 

Zone Threshold (mV/V) Range (mV/V) 
Wall rocks  - 0-4.5 
Low sulfidic zone 4.5 4.5-45 
Moderate sulfidic zone 45 45-89 
High sulfidic zone 89 > 89 

 
Table 2: Threshold values obtained by using N-S model based on resistivity (Ohm.m) in Shadan deposit 

Zone Threshold (Ohm.m) Range (Ohm.m) 
Wall rocks 891 > 891 
Low sulfidic zone 501 501-891 
Moderate sulfidic zone 56 56-501 
High sulfidic zone - < 56 

 

 
 
Fig. 1: Simplified geology of Iran, western Afghanistan, and western Pakistan with location of Shadan deposit  
            [17]. 
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(a) 

 
(b) 

 
Fig. 2. a: Location of geoelectrical profiles and b) spatial distribution of collected geoelectrical data in Shadan 

deposit (red dots are surveyed points for geoelectrical parameters consist of chargeability and 
electrical resistivity) 

 
(a) 
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(b) 

Fig. 3: N-S Log-log plots of resistivity (a) and chargeability (b) in the Shadan deposit 
 

 
(a) 

 
(b) 

Fig. 4: The main sulfidic zones with chargeability >45 mV/V (a) and resistivity <501 Ohm.m (b) of Shadan  
            deposit determined by N-S model 
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(a) 

 
(b) 

 
Fig. 5: The high sulfidic zones with chargeability >89 mV/V (a) and resistivity <56 Ohm.m (b) of Shadan  
             deposit determined by N-S model 
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(a) 

 
(b) 

 
Fig. 6: The high sulfidic zones with chargeability >89 mV/V and resistivity <56 Ohm.m (a) and the main 

sulfidic zones with chargeability >45 mV/V and resistivity <501 Ohm.m (b) of Shadan deposit 
determined by N-S model 

 
Conclusions: 

 
Results from this study reveal that the 

application of N-S model in IP and RS modeling 
distinguishes different sulfidic mineralization zones 
in Cu-Au porphyry deposits. Determination of targets 
for drilling exploration boreholes can be better 
understood via the N-S fractal model based on 
geoelectrical data such as chargeability and 

resistivity in these deposits. The fractal model could 
be applied for defining sulfidic mineralized zones, 
especially high accumulation of sulfide minerals 
from the wall rocks, or from the background, based 
on data obtained from IP/RS exploration.  

The N-S fractal model has been successfully 
applied in order to identify various populations in 
terms of chargeability and resistivity values with 
their numbers within the Shadan Cu-Au porphyry 
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deposit. The N-S log-log plots based on chargeability 
and resistivity show that there are two major sulfidic 
mineralization stages. High sulfidic mineralization 
zone has chargeability higher than 89 mV/V and 
resistivity lower than 56 Ohm.m which is situated in 
the very small parts western and SE of the deposit. 
Main sulfidic zones have chargeability values higher 
than 45 mV/V and resistivity values lower than 501 
Ohm.m which are located in western, SE and NW 
parts of the deposit. It can be interpreted that the 
western and SE parts of the deposit is proper for 
detailed exploration and drilling exploratory 
boreholes. 
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