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Abstract: In general, the purpose of the mineralization modeling is the advancement of a mineral exploration project and ultimately, 
the extractive design of a deposit, which is one of the most important stages in mining engineering. Mineralization modeling is divided 
into two general categories, superficial and deep modeling. In surface modeling, the aim is finding abnormal locations in terms of 
mineralization at the study area, which is commonly used in the early stages of exploration as one of the means for locating exploratory 
boreholes. After drilling in the study area with the aim of identifying mineralization and reserve estimation it is necessary to obtain deep 
mineralization position and its geometric features, using statistical and modeling methods. Using mathematical, statistical and 
modeling methods, we can predict the position of iron mineralization in places where drilling is not done and eventually reach a 
three-dimensional model of the mineral materials underground. As a case study, the deep information about the boreholes of the 
sheytoor mining area in Yazd province of Iran was investigated. Iron mineralization was modeled as 2D cumulative model and 3D 
block model, and the results were presented. Finally the geochemical threshold and the anomalous limit of iron element are calculated 
by concentration-volume (C-V) fractal method in this deposit. Geochemical threshold and the anomalous limit for Fe in this deposit are 
24.7% and 34.3% respectively. 
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1. Introduction 

Data processing means categorizing and converting 

them into an interpretable way. This is done by 

adjusting the information in the database and 

generating intelligible information by applying various 

mathematical, statistical, drawing up a variety of charts 

[1]. Nowadays, by providing new statistical and 

mathematical methods, especially with the introduction 

of computers into the field of modeling, quantitative 

and more precise models of mineral deposits have been 

prepared. Similarly, algorithms have been used to 

compute traditional handwriting methods, although 

caution should be considered in the application of 

computer methods [2]. In this study, after receiving the 

analysis results as raw data, at first censored data were 

investigated and normalization of raw data was done. 
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At this stage, the database consists of the coordinates of 

each sample, the raw data values and the normalized 

raw data values. Using concentration-volume (C-V) 

fractal method, geochemical threshold and the 

anomalous limit are calculated and finally iron 

mineralization was modeled [3]. 

1. 1 Geolocation of Sheytoor Iron Deposit 

The sheytoor iron deposit is in Yazd province of Iran 

and is located 78 km from Bafq city, near the Gazestan 

village. The area of the deposit is approximately 28 

km2. 

You can see the eastern view of the Sheytoor region 

in Fig. 1 [4].  

2. Geology 

2.1 Geological Setting 

The area is located in Yazd province and in central 

tectonic zone of Iran, which is a small part of the 
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Poshtebadam-Bafq block. In terms of lithology, it has a 

wide range of alkaline (gabbro-diabaz) to acidic 

(rhyolitic and rhyodactic) rocks, and includes intrusive, 

semi-deep and extrusive types. Eastern view of the 

region and the position of the drilling equipments is 

shown in Fig. 2. 

In Fig. 2, the locating of 1:1,000 map of sheytoor 

deposit and 1:20,000 map of the gazestan in the 

topographic map of 1: 50,000 sheytoor is shown [3, 4]. 

2.2 Stratigraphic Units 

In terms of lithology, the area consists of the late 

precambrian to cambrian volcanic-sedimentary rocks 

and igneous rocks after that. In the central parts of the 

region, diorite-gabbro and diabase masses occur as 

dykes and sills, with porphyritic granite and 

granite-syenite which cut out older rocks and outcrop. 

Parts of the ore are covered by present sediments. 

Metasomatic rock is as host of mineralization and 

mineralization has occurred inside it [3, 4]. 

2.3 Mineralization 

Mineralization of iron-phosphate is closely related to 

the region’s rocks including gabbro, monzo gabbro, 

diorite, syenite and diabase which is seen in dark 

green color. The main ore deposit is as 

apatite-magnetite mineralization. 

Quartz and calcite constitute the main waste material 

of the mineral. The ore mainly consists of 

magnetite-apatite in the southern part, usually 

composed of quartz and calcite in the late stages after 

mineralization, and different forms occur within 

volcanic rocks, microgranite and granodiorite intrusive 

masses. 

Based on microscopic and XRD analysis, the ore 

minerals include: magnetite, hematite, limonite, 

goethite, lipidocrocyte, apatite, pyrite, chalcopyrite and 

rare earth elements minerals such as monazite which 

can be seen in conjunction with pyroxene, actinolite, 

thermolite, epidote, chlorite, quartz and calcite waste 

minerals [4] (Fig. 3). 
 

 
Fig. 1  Eastern view of the Sheytoor region.  
 

 
Fig. 2  The location of Bafq in Iran map and the locating of 1:1,000 map of sheytoor deposit and 1:20,000 map of the gazestan 
in the topographic map of 1: 50,000 sheytoor [4]. 
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Fig. 3  Microscopic images of some ores of the region. (a) Magnetite, hematite, pyrite and chalcopyrite; (b) pyrite and 

chalcopyrite [4]. 
 

3. Materials and Methods 

3.1 Raw Data Preparation Methods 

Before using raw data censored outlier data must be 

identified and replaced. Censored data are said to be 

data among them, due to the high sensitivity limit of 

measuring devices, a number of data are found to be 

smaller than the device sensitivity limit. Such data can 

make statistical problems, Because, firstly, statistical 

methods require a complete set of non-censored data, 

and secondly, in some cases, such as anomaly 

separation from background and relative 

measurements, the existence of censored data leads to 

inappropriate evaluations. If the censored data are 

identified and replaced, the amount of background and 

intensity of the anomalies will be calculated more 

accurately [5]. 

As the existence of censored data among 

geochemical data leads to errors, outlier data also have 

the same effect on the results. In statistics, an outlier is 

an observation point that is distant from other 

observations [6, 7]. An outlier may be due to variability 

in the measurement or it may indicate experimental 

error; the latter are sometimes excluded from the data 

set [8]. An outlier can cause serious problems in 

statistical analyses. Outliers can occur by chance in any 

distribution, but they often indicate either measurement 

error or that the population has a heavy-tailed 

distribution. 

Several methods can detect and replace censored and 

outlier data. In this study, a simple method is used to 

replace sensor data. In this method, the values of less 

than sensitivity limit are replaced by 3/4 of data value. 

The main problem of this method is that it is by no 

means influenced by the statistical parameters of the 

data society and is merely a function of the sensitivity 

limit of the measurement method [5, 9]. 

In order to identify and replace the outlier data, the 

doerffel method was used. Doerffel has prepared a 

graph for determining the threshold of outlier data 

values, which is provided for two levels of significance 

of 5% and 1% (see Fig. 4) [4, 9]. 
To perform the doerffel test, the average )(x and 

standard deviation of the data (s) is calculated 

regardless of the largest amount of data. Then the 

largest amount of data (xA) is considered to be outside 

of the row if it is true in the following equation: 

gsxx A .  

where “g” is the threshold limit for outlier values which 

can be calculated by graph shown in Fig. 4. 

3.2 Estimation Methods in Modeling 

In this study, in order to grade estimation, methods 

kriging and inverse distance weighting (IDW) were 

used. 
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Fig. 6  Geolocation of drilled exploratory boreholes in the Sheytoor deposit at surface and depth.  
 

Table 1  Statistical parameters of the statistical society.  

Sample 
number 

Minimum 
(%) 

Maximum 
(%) 

Mean (%) Median (%) Variance (%)
Standard 
deviation (%) 

Skewness Kurtosis 

151 4.98 64.47 32.77 30.9 231.03 15.19 0.06 -1.15 
 

parameter, was estimated 4.4.  

So using Doerffel relationship: 

gsxxA .  

Outlier limit   24.78 + (9.91 × 4.4) = 68.38 %. 

The highest Fe content in the analysis data is 65.5% 

which is less than outlier limit (68.38%). Therefore, it 

does not count as an outlier value. So some value is not 

removed from the raw data as outlier data. 

4.2 Raw Data Computing 

In this section, the frequency distribution chart 

(histogram) is drawn to examine the various 

characteristics of our statistical society. The statistical 

society of the study is a set of geochemical information 

in the form of iron element concentration derived from 

systematic sampling of exploratory boreholes which 

are drilled in the sheytoor mining area. The histogram 

of our statistical society is shown in Fig. 7. 

4.3 3D Block Model of Fe Mineralization 

In this model, by using the IDW interpolation 

method, interpolation and estimation of the iron 

element concentration according to the boreholes (Fig. 6) 
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Fig. 7  Histogram of the data on a linear scale due to the sum of the mean with the standard deviation. 
 

 
 

 
Fig. 8  3D block model of Fe mineralization in Sheytoor iron deposit, regardless of the cut-off grade. 
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were studied at all points of the study area. Then, 3D 

block model of subsurface mineralization was 

modeled (Fig. 8). 

4.4 2D Cumulative Model of Fe  

This type of modeling, known as two-dimensional 

cumulative modeling of the sub-surface deposit, can 

well represent the surface expansion of the ore. In this 

modeling method, the cumulative value of the element 

in question is calculated at each point of the desired 

range level due to the drilling and interpolation 

methods and is plotted as a map. 

The Fe concentration at different points of the 

deposit was estimated using the kriging interpolation 

method. Then the cumulative content of the Fe was 

calculated in percentages at each point of the earth’s 

surface. Finally, the two-dimensional cumulative map 

of the iron mineralization of the sub-surface deposit 

was modeled. 

In a 2D cumulative model, in order to provide more 

practical visibility and reduce computations, the target 

area is divided into cells, and by applying interpolation 

methods, each cell is assigned a cumulative grade. Using 

this map, you can see the cumulative concentration of 

iron element on the surface of the Earth (Fig. 9). 

4.5 Modeling Based on C-V Fractal Method 

Fig. 10 shows the logarithmic graph of the volume of 

the Fe mineralization versus the Fe concentration in the 

ore deposit and the separation of communities in 

fracture sections of the data process. 

According to the above graph, and determining the 

location of the fracture of the curve, each of them 

represents a different statistical society. Based on the 

concentration-volume fractal method, the geochemical 

threshold of the Fe element in the deposit was 24.7% 

and the anomalous limit in the deposit was 34.3%. In 

Figs. 11 and 12, iron mineralization is modeled based 

on the geochemical threshold and anomalous limit 

respectively. 
 

 
Fig. 9  Two-dimensional cumulative model of Fe mineralization in Sheytoor iron deposit. 
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5. Conclusions  

The region is located in Yazd province and in central 

tectonic zone of Iran. Statistical and geostatistical 

studies were carried out based on core data of Sheytoor 

iron deposit which is located near Bafgh city. The main 

ore deposit is as apatite-magnetite mineralization. 

In order to identify and replace the outlier data, the 

doerffel method was used. It was found that there are 

no outlier data among the geochemical data of the iron 

element obtained from the analysis. 

Using Kriging and IDW interpolation methods, 3D 

block model and 2D cumulative models were created 

and presented. 

Using C-V fractal method, geochemical threshold 

and anomalous limit were estimated which are 24.7% 

and 34.3% respectively. 
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