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Abstract 

The purpose of the present research is delineating geochemical anomaly of REEs in granitoids in south of Varcheh 1:100,000 sheet 

by the use of C-N fractal model and classical statistical methods. We gathered and studied 59 rock samples for REEs by ICP-MS 

method in the laboratory of Iran Mineral Processing Research Center (IMPRC). The Concentration–Number (C-N) fractal model was 

used to delineate elemental thresholds. According to the results, the distribution of elemental concentration for Pr and Sm were divided 

to three classifications and Ce, La, Nd and Y had five geochemical populations in the area. The classical statistics methods were able 

to separate three geochemical populations. The results obtained by this study showed that the separation of geochemical anomalies for 

REEs using C-N fractal model and classical statistics methods yielded to the same results. Meanwhile, the high ratio of LREE to HREE 

in rock samples as well as high P content, assigns monazite, apatite, and sphene as a possible source of REEs in the study area. 
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1. Introduction 
Segregate different geochemical anomalies from the 

background is crucial in the identification of ore-forming 

processes (Webb and Hawkes 1979; Carranza 2008; 

Afzal et al. 2013). Geochemical data analysis has been 

frequently used in the determination of thresholds and 

discrimination of different anomalies of elements 

(Rantitsch 2000; Pazand et al. 2011; Zuo 2011a; Zuo 

2011b). Several methods such as conventional statistics 

and fractal models have been proposed for distinguishing 

geochemical anomalies from the background. Statistical 

analysis widely applied to separate geochemical 

anomalies based on different parameters such as the 

histogram analysis, summation of mean, standard 

deviation, and box plot (Davis 2002; Li et al. 2003; 

Carranza 2009; Arias et al. 2012; Daneshvar-Saein 

2017). The application of the classic statistical techniques 

is satisfactory in a dataset in which a normal distribution 

is revealed and is composed of independent variables 

(Asadi et al. 2014). Since the elemental concentrations in 

the crust often do not have a normal distribution and also, 

if traditional approaches are used to find threshold values, 

it could result in imprecise recognition of geochemical 

anomalies (Carranza 2009), Fractal/multifractal models, 

developed by  (Mandelbrot 1983), is extensively used for 

geochemical exploration, for example,  (Turcotte 1986; 

Cheng et al. 1994; Sim et al. 1999; Li et al. 2003; Qingfei 

et al. 2008; Zuo et al. 2009; Afzal et al. 2011; Afzal et al. 

2013). 
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These models are more applicable than conventional 

methods because of considering the spatial relations of 

data with each other  (Cheng et al. 1994; Li et al. 2003; 

Carranza 2008; Cheng et al. 2011; Afzal et al. 2012; 

Hassanpour and Afzal 2013; Sadeghi et al. 2012; Heidari 

et al. 2013; Hosseini et al. 2015). This method’s 

advantages are mostly related to its accuracy as noises are 

removed from geochemical data (Farahmandfar et al. 

2020). The main problem is identification of the 

geochemical anomalies from the background and 

separation of the high and extremely geochemical 

anomalies (Alipour Shahsavari et al. 2020). Various 

fractal models widely used in geochemical anomalies and 

mineralized zones, including Concentration–Distance 

(C–D; Li et al. 2003), Concentration– Number (C–N; 

Hassanpour and Afzal 2013), Concentration–Perimeter 

(C–P; Cheng 1995), spectrum-area (S-A;  Cheng 1999), 

Concentration–Volume (C–V; Afzal et al. 2011), and 

Concentration–Area (C–A; Cheng et al., 1994).  

This study aims to use the factor analysis and C-N fractal 

model for delineation the geochemical anomalies of 

REEs in granitoids in south of Varcheh 1:100,000 sheet.  

 

2. Methodology 
2.1. Concentration-number (C-N) fractal model 

The C-N fractal model proposed by Hosseinpour and 

Afzal (2013) for different background and anomalies 

separation based on the inverse relationship between their 

cumulative frequency and concentration, on the basis of 

N-S model developed by Mandelbrot (1983). 
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Fig 1. Situation of research area in Iran and simplified geological map  

 

 

The Number-Size fractal model is a basic approach in 

various fractal models, which is used to separate natural 

phenomenon, particularly, in earth science (Kouhestani et 

al. 2020). The CN model is expressed in equation 1: 

N (≥ρ) ∝ Fρ−β (1) 

In this equation N (≥ρ) represents the samples’ 

cumulative number with elemental concentration values 

above or equal to ρ, ρ indicates element concentration, F 

and β represents a constant, denoting the fractal 

dimension or scaling exponent of the elemental 

concentrations distribution. It utilizes raw data with no 

pretreatment. The C-N log–log plots indicate straight line 

parts with varying slopes, representing varying 

concentration ranges  (Mandelbrot 1983;Deng et al. 

2010; Sadeghi et al. 2012; Hosseini et al. 2015). 

 

2.2. Principal component analysis (PCA) and 

identification of geochemical anomalies 

PCA, as a multivariate analysis instrument, is used for 

reduction the geochemical data dimensions to smaller 

factors. Uncorrelated principal components (UPCs) are 

generated by this analysis based on covariance matrix or 

correlation (Carranza and Hale 1997; Carranza 2004; 

Cheng 2007; Muller et al. 2008; Carranza 2008; 

Ghezelbash et al. 2019). Conventional PCA is a 

technique that is mostly employed for discovering the 

internal relationships between elements under analysis 

via the loadings, which are the correlations between 

UPCs and elements under analysis (Jolliffe 2002; 

Carranza 2008; Zuo 2011a; Mahdavi et al. 2015). 

Moreover, the scores define information between 

samples collected and UPCs, and this information is 

employed for generating the multi-element geochemical 

maps. The eigenvalues calculated for UPCs represent the 

UPS’s variance. Subsequently, it is possible to extract 

effective UPCs according to the eigenvalues of above 1  

(Kaiser 1960; Cheng et al. 2011; Otari and Dabiri  2015). 

Separation of geochemical anomalies from background 

has always been an important issue in geochemical 

projects. In classical methods, anomalies are usually 

detected only by formulating relationships regardless of 

the location of each instance. The present research used 

threshold assessment technique on the basis of standard 

deviation (S) and median (X) and by following formula: 

Anomaly = X+nS 

Threshold and background can be regarded as X + 2S and 

median of geochemical data (X). That is, values above X 

+2S are regarded as anomaly. Values between X + 2S-X 

+ 3S are considered as possible anomaly, and values 

above X + 3S are regarded as probable  anomaly  (Webb 

and Hawkes 1979; Jehangir Khan et al. 2021). 
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3. Geological setting 
The study area, of about 39 km2, is situated in the 

Sanandaj-Sirjan (Stöcklin 1968) comprising a part of 

Malayer-Isfahan metallogenic belt which hosted Pb-Zn 

mineralization, as well as lots of Fe, Mn, and Barite 

deposits during the Early Cretaceous.  

The characteristics of Sanandaj-Sirjan Zone include the 

predominant metamorphic rocks and availability of 

granitoids (Ghaffari et al. 2015; Yazdi et al. 2019). These 

rocks are made of different metasedimentary 

aggregations of high to low metamorphic grade. The 

area’s basement includes the pre-Jurassic, low- to highly 

low-grade metamorphic rocks (Mohajjel 1997; Gharib-

Gorgani et al. 2017). 

The main unit cropping out in the area is a post-Jurassic 

plutonic rock composed of granular and porphyry granite, 

granodiorite, quartz diorite, diorite and gabbro which 

intruded in Triassic-Jurassic schist (Fig 1). This granitoid 

is a NW–SE trending structure. Meanwhile, there is an 

exposure of a quartz diorite-gabbro unit in the 

northwestern part of this intrusion. Contact 

metamorphism is well developed in the rocks 

surrounding the intrusion body. These rocks consist of 

feldspar, quartz, chlorite, biotite, muscovite, andalusite 

and sillimanite spots. 

 

4. Material and Methods 
A systematic 1 km square grid was used for sampling. 

Over a total area of about 39 km2, 59 rock samples, 

including the granite, granodiorite, diorite and schist 

were collected (Fig 2). The concentration of 14 REEs 

(Ce, La, Pr, Nd, Eu, Gd, Sm, Tb, Ho, Dy, Er, Sc, Y, and 

Yb) was measured by ICP–MS in the laboratory of Iran 

Mineral Processing Research Center (IMPRC). 

 

5. Discussion 
The descriptive statistical parameters for REEs in rock 

samples of study area are shown in Table 1. The 

variable’s normality was examined by the histograms and 

box plots (Fig 3). The results show that none of the REEs 

passed the normality distribution.  

 

 

 
Fig 2. Map of sampling sites, petrography and texture of samples in study area 
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Table 1. Statistical parameters of REEs concentrations (in ppm) in rock samples from the study area 
Statistic parameters La Ce Pr Nd Sm Y 

Mean 8.60 17.18 2.46 10.15 1.63 7.02 

Median 7.43 14.48 0.75 7.57 0.75 6.08 
Std. Deviation 6.78 13.69 5.07 11.60 2.38 3.82 

Variance 46.02 187.53 25.69 134.52 5.65 14.63 

Skewness 1.99 2.09 2.89 2.64 2.85 1.51 
Kurtosis 4.47 4.83 7.07 6.35 6.90 2.59 

Minimum 0.22 0.75 0.75 0.31 0.75 1.02 

Maximum 33.48 68.02 21.81 53.72 10.48 19.31 

 

 
 

 
 

Fig 3. Histogram and box plot of REEs concentration in rock samples of study area (*54= sample number) 
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Table 2. Thresholds of REEs based on C-N fractal model 

Threshold Low intensity 

threshold 

Moderate intensity 

threshold 

High intensity 

threshold 

Very high intensity 

threshold Elements 

La 6.31 10 12.59 25.12 

Ce 10.47 18.2 23.99 50.12 

Pr 5.01   16.22   

Nd 5.01 8.32 10.96 39.81 

Sm 1.29   8.32   

Y 7.24 9.33 10.47 14.13 

 

 

  

  

  
Fig 4. C-N log plots for REEs  

 

5.1. Application of C-N fractal model 

According to C-N elemental log-log plots for REEs, three 

geochemical populations can be identified for Pr and Sm 

and five geochemical populations for Ce, La, Nd and Y, 

respectively (Table 2 and Fig 4). The results demonstrate 

the multifractal nature of REEs in the area. Besides, 

ArcGIS (10.5) software was used for generating 

elemental symbol maps (Fig 5). Anomalies of Ce and La 

with high intensity commence from 50.12 ppm and 25.12 

ppm, respectively. The anomalous areas are located in the 

northern regions of the area, especially in association 

with schist, granite, granodiorite and quartz diorite.  
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Fig 5. Anomaly Map of REEs based on fractal model. 

 

The main anomalies of Nd show values above 39.81 ppm, 

which are situated in the central and northern parts 

consisting of schist, granites, granodiorite and quartz 

diorite. The main Pr and Sm anomalies, containing values 

higher than 16.22 ppm and 8.32 ppm, respectively. The 

anomalous areas are spanned in the southern and northern 

regions of the area. Finally, high intensive anomalies of 

Y show values above 14.13 ppm that are scattered in the 

study area, especially in northern parts.  

5.2. Application of PCA and Identification of 

geochemical anomalies 

Primary statistical parameters approach is employed for 

calculating the Threshold, possible and probable 

anomalies for REEs (Table 3 and Fig 6). 
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Table 3. Geochemical anomaly thresholds for REEs in rock samples of study area. X = median value; S = standard deviation. 
  La Ce Pr Nd Sm Y 

Min 0.22 0.75 0.75 0.31 0.75 1.02 

X 7.52 14.95 2.46 8.07 1.63 6.81 

S 4.32 7.73 5.07 5.23 2.38 1.87 

X+S 11.84 22.68 7.53 13.3 4.01 8.67 

X+2S 16.17 30.41 12.6 18.53 6.38 10.54 

X+3S 20.49 38.14 17.67 23.77 8.76 12.4 

Max 33.48 68.02 21.81 53.72 10.48 19.31 

 

 
Fig 6. Threshold, probable, and possible anomalies for REEs based on standard deviation (S) and median (X)  
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The PCA for REEs was used for extracting components 

that represent geochemical signatures with anomalies in 

rock samples of study area. 14 elements were combined 

to produce two significant components (Table 4 and Fig 

7).  

The variance of the original data set was mostly in the 

component 1, representing a LREE association composed 

of Sm, Pr, Eu, Nd, Gd, Tb, Dy, Ce, La, Ho, and Y. 

Component 2 was characterized by high levels of Er and 

Yb. Distribution map for indicator factors based on REEs 

in rock samples is shown in Fig 8. The ratio of 

LREE/HREE and P content was used to find the origin of 

REEs in intrusive rocks of the area (Fig 9). The ratio of 

LREE to HREE in granitoid samples was relatively high. 

Monazite with a chemical composition of [(Ce, La, Nd, 

Th) (PO4, SiO4)] is a phosphate mineral containing 

mostly light rare earth elements. REEs are mainly 

substituted in the structure of monazite. Based on 

previous studies  (Alavi Naeeni 2008; Yazdi et al. 2016), 

monazite has been frequently observed in heavy mineral 

samples in report of Varche 100000 sheet. Also, the study 

of thin sections of the samples shows that minerals of 

apatite and sphene are also abundant in the Study Area, 

which can be the source of LREE elements. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

Fig 8. Distribution map for indicator factors based on REEs in rock samples  

Table 4. The highest factor loadings and 

the corresponding elements for REEs  

in rock samples 

 

Fig 7. Component plot in rotated space for 

REEs in rock samples 
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Fig 9. Maps showing the LREE/HREE ratio and P content in rock samples of study area 

 

6. Conclusion 
In this study, separation of geochemical anomalies for 

REEs using C-N fractal model and classical statistics 

methods yielded to the same results. The classical 

statistics methods were able to separate three 

geochemical populations. The results obtained through 

C-N fractal model exhibited three (Pr and Sm) and five 

(Ce, La, Nd and Y) anomalies in the northern and western 

parts of the research area. Finally, the results of this study 

demonstrated that the integration of the concentration-

number fractal model and factor analysis is effective for 

delineating and recognizing geochemical patterns of rare 

earth elements in the study area.  Based on previous 

studies, monazite has been frequently observed in heavy 

mineral samples in study area. Also, the study of thin 

sections of the samples shows that minerals of apatite and 

sphene are also abundant, which can be the source of 

LREE elements. Probable ore deposit in the study area of 

REE elements associated with complex pegmatite are not 

far from conceivable. However,  further detailed field and 

petrographic investigations are needed in study areas. 
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