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Abstract 
The Kalatereshm is an area in north of Iran which covers some part of Torud magmatic belt. The 
area of this belt is about 2000 square kilometers and most of the mines in this particular area are 
of Copper, lead and Zinc. The Synthesis process is done by the Analysis Hierarchy Process (AHP) 
and Index Overlay (IO) methods. Of previous studies on the area, various companies providing 
Geological maps and in particular the company of Jiangxi providing its own geochemical maps can 
be mentioned. The reasons for doing this research and its innovation in Kalatereshm’s sheet can 
be justified as to be valuable and the fact that we would be able to save in time and cost by doing 
so. Previous case studies on this particular region lacked the necessary use of an advanced soft-
ware and method. The informational layers included geochemical layers (the second and first rat-
ings were given to Copper and Lead respectively by weighting based on AHP method), geology 
layer (the fourth and second ratings were given to Copper and Lead respectively by weighing 
based on AHP method), fault layer (the first and fourth ratings were given to Copper and Lead re-
spectively by weighting based on AHP method), satellite imagery layer (the third rating was given 
to both Copper and Lead by weighting based on AHP method) and the more applicable areas for 
field exploration and detailed procedures of exploration had been determined (the mentioned 
ratings were delineated by each element’s respective weight in each layer and their importance in 
the Synthesis of informational layers). 
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1. Introduction 
Mineral prospectivity analysis and quantitative resource estimation have been recognized as important when in-
tegrating multi-source geology spatial data in recent years. The statistical and mathematical approaches devel-
oped recently for multi-resource geological spatial data integration include Weights-of-Evidence (WoE) and lo-
gistic regression [1]. 

Mineral prospectivity modeling seeks to delineate areas that are likely to hosts mineralized zones. This is ac-
complished through the process recognition criteria, creating maps of this recognition criterion (predictor maps) 
and weighting and combining these maps to produce the final prospectivity map [2]. 

Integration with other specialized program for Geophysical data and image processing is easily done with GIS. 
Raster images, such as Satellite imagery or Geophysical images can then be displayed in GIS and overlaid with 
vector data such as Geology, Faults and Geochemical samples. Mineral targeting can be done based on multi 
evidence maps analysis, either using qualitative or quantitative methods [3]. 

GIS has the potential for storing, updating, retrieving, displaying, processing, analyzing and integrating vari-
ous geospatial data [4]. 

GIS can produce mineral potential maps easily and integrates the results of different investigations such as 
Geological, Geophysical and Geochemical studies [5] [6]. Using a powerful method for weighting of the infor-
mation, GIS can provide a better prediction on the potential of mineralization under the ground [7]. 

Mineral deposits are extraordinary anomalies in the earth that provide us with perhaps the clearest evidence 
for the past flow of solutions through faults, fractures and porous rocks that, in the process, dissolved, trans-
ported and concentrated elements of economic interest [8]. A diagnostic feature of Porphyry copper deposits is 
the large volume of altered rocks included in their composite system. Those alterations, including Copper mine-
ralization, are the result of circulation of hydrothermal fluids of diverse origins. This contribution will discuss 
the nature of alteration in Porphyry copper system and the characteristic of inclusions which preserve the fluid 
that produced it [9]. 

The past quarter century has been major advances in the understanding of the genesis Mississippi-Valley- 
Type (MVT) Lead-Zinc deposits. Until the early 1980s many workers believed that plate tectonics played no di-
rect role and that MVT mineralization required little more than the presence of platform carbonates. Recent stu-
dies have shown instead that most (though not all) MVT deposits were produced by enormous fluid systems that 
migrate thorough foreland basins, driven by gravity from an adjacent orogenic belt (e.g. Graven, 1985; Ge and 
Graven, 1992; Appold and Graven, 1999; Leach et al., 2001a) [10]. 

The purpose of this research is to provide potential maps from Lead and Copper applicable areas which are 
done by the synthesis of informational layers that illustrates areas which have potential for advanced explora-
tion. 

2. Geological Setting 
The Kalatereshm’s 1:100,000 geological sheet is located on the 54˚ to 54˚30' eastern longitude and on the 35˚ to 
35˚30' northern latitude. The area is about 2500 square kilometers. This region is located in south of Damghan 
and east of Semnan, and covers the southwest part of Torud 1:250,000 sheet (Figure 1 and Figure 2). Most of 
the previous studies are about providing Geological and Geochemical maps and we are going to cite some of 
them here. 

A Geological map has been published by the national oil company of Iran which is in scale of 1:100,000. The 
1:250,000 map has been provided by the Geology organization of Iran by M. Alavinaeini et al., in the year of 
1978. From the two mentioned maps, one can find the overall Geology information, the process of outcrop, the 
structural elements and the position of the area being analyzed in the structural zones. The map of Torud in 
1:250,000 scale has been provided by the M. Alavinaeini et al., and its associated report has been done by A. 
Hooshmandzade and et al. and has been published by the Geology organization of Iran. Reyre and Mohafez  
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Figure 1. Kalatereshm 1:100,000 sheet on Semnam province in north of Iran. 

 
have done some researches on the Sedimentary basin of this area in 1972 which also includes the Chah-shirin. 
Urdea and Melak poor have done researches on the Lead and Copper distribution in the area of Kalatereshm. 
Some researches have also been done in the department of mines and metals of Semnan which have been pro-
duced by the prospector engineers in the year of 2001 in the entire of Semnan Province and the private sectors 
have also done some researches on the diverse minerals on the area. Providing 33 geological maps from the 
stream samples by the Chinese company of Geochemical and Geophysical (Jiangxi) in the year of 1995 in the 
1:100,000 sheet of the Kalatereshm (Geological Survey of Iran). 

Eocene-oligocene Pyroclastic Igneous and Sedimentary rock units have a great diversity in the Kalatereshm 
sheet’s range, as they cover most of the northern half. This Tertiary Volcanic-sedimentary series covers the older 
units in the process of unconformity. The thickness of this complex can be estimated to be around 3 kilometers. 

Based on the Geochemical and Petrography studies on Igneous rocks of this region, they are considered to be in-
termediate Igneous rocks which mostly include Andesite, Basalt andesite, Trachy-andesite, Dacite and Ryolite. 

 Based on the Petrographic studies done on these rocks it is clear that they have undergone a very weak alte-
ration (Green schist facies). In this alteration, the fluid pressure and temperature have played an important role. 
These alterations have caused the high mobility elements to be displaced which from these processes include 
Argillitic transformation and Carbonatization and etc which have caused to rocks to be positioned at the range 
between Alkaline and Sub-alkaline. 

3. Methodology 
In this article, each of informational layers (Geological layer, geochemical layer, Fault layer and Satellite im-
agery layer) has been integrated based on their priority. The integration of these informational layers has been 
done using the Arc GIS software by Index Overlay Modeling and the evaluation of these informational layers 
has been done in the Expert Choice software. Weight of Evidence in contrast uses the statical analysis of the 
map layers being used with a training data to make less subjective decisions on how the map layers in any model 
are combined. Bonham-Carter (1997) gives a good summary of the maths and algorithms used in Weights of 
Evidence and Partington (2000), Partington and Smillie (2002) and Rattenbury and Partington (2003) give ex-
amples of how this technique can be applied to geological datasets [11] (Table 1). 
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Figure 2. Geology map of Kalatereshm 1:1,000,000 sheet. 
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Table 1. Flowchart of used steps to introduce the appropriate areas for lead and copper. 

 

4. Informational Layers 
In the different levels of this article, the data related to various informational layers participating in the Synthesis 
have been processed so that they would be ready for the final Synthesis and evaluation. At first according to the 
Geological layers which have the highest relation to Lead and Copper as host rocks. Secondly the findings of the 
Geological organization from the stream samples of the region which are 806 in number and in 1.4 kilometers 
intervals and an analysis for 30 elements which is done by the Geological survey of Iran using the ICP-EOS 
method by, although these same operations have not been undergone in the Alluviums and Sedimentary layers 
which are located in the south and southwest part of the sheet (Figure 3). In addition the correlation rate of 
Copper and Lead with other elements in the templates of the Spearman (with raw data) and Pearson correlations 
(with normalized data) will be studied so that one could determine from which elements should we produce 
Geochemical maps and which maps should be scored based on their Synthesis. In other hand we have aster alte-
rations that can help us to find out which part of the Kalatereshm’s sheet has the proper alterations for prospect-
ing Lead and Copper. After the previous steps, we should assign weights to every informational layer and this 
assignment is done by the Expert Choice software after which the Synthesis for applicable areas is indicated by 
the Index Overlay modeling in the Arc GIS software. 

The use of GIS in mineral exploration is now beginning to spread, allowing the integration of disparate digital 
data set into a single, unified database. The recommended approach is to compile all of the available Geoscien-
tific data within the GIS in a context of an exploration model in order to produce a mineral potential map [3]. 

4.1. Geochemical Layer 
Mineral exploration Geologists commonly analyze Stream sediment and Soil samples collected from watersheds 
as a Geochemical indicator of potential mineral deposit. Stream sediment represent an integrated sample of ma-
terials that have been weathered and transported from Soils and Bedrocks that are exposed upslope. Historically,  
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Figure 3. Sampling network of Kalatereshm sheet. 

 
Stream sediments have been used as part of a mineral exploration strategy since the first explores began re-
searching for precious metals [12]. 

Geochemical ground samplings are done through lithogeochemical method for witch 806 samples with the 
intervals of 1.4 kilometers exist. The method used for analyzing these samples is ICP-EOS with the detection 
limit of 5 ppm for both Pb and Cu which is implemented by the GSI. To ensure the accuracy of quality control 
and the precision of the laboratory which analyzed the samples, the method of exact duplicate samples was im-
plemented. In order to draw the raw and normalized data (SPSS software) the skewness and kurtosis parameters 
have been used for which the normalized parameters for skewness and kurtosis have been set respectively from 
−0.2 to 0.2 and from 0 to 3. Also the amount of missing data for normalized data is considered to be from 5% to 
7%. The normalization of data is done in order to determine the outlier proportion so that the mean of data could 
be used to draw symmetrical histograms and to achieve normalized distribution. After normalizing the data, at 
first the data are organized by the SPSS software in which the frequency of each data whether raw or normalized 
is shown in Diagram 1. 

After this process the data are organized using the methods of Spearman and Pearson so that correlation of the 
elements Pb and Cu with other elements could be determined. If in any case while using one of these methods, 
each of these two mentioned elements showed strong correlation with other elements in the tables, this correla-
tion would take part in the production of geochemical maps, maps form the aster scenes (alterations), geological 
layers and finally in the production of the final maps of anomalies by using methods of AHP and index overlay. 
In order for the anomaly maps to enter the Synthesis, anomalies from the two selected elements (which are men-
tioned above) should be produced by the Fractal’s concentration-area method so that they would show an ac-
ceptable breakdown of the threshold range of the raw data, But keep in mind that geochemical data are composi-
tional data and the data gathered by analyzing them would prove to be non-practical and spurious (closure 
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Diagram 1. Graphs of raw and normal data and QQ-plot diagrams. 

 
problem), and as far as the correlations go, none of the elements had any substantial correlation with these two 
elements (Pb and Cu) to be used in the next stages of our study. Next the plotted graphs of raw data will be 
shown by using the Fractal concentration-area method which in these graphs the threshold range for the two 
elements of Lead and Copper has been obtained and a Geochemical map has been produced. The fractal 
area-concentration method has been used for obtaining the threshold estimation (Normalized data). This method 
was introduced by Cheng in 1994, a model in which as the grade of an element increases, the area it occupies 
decreases. In this method used for drawing the cumulative diagram of the elements, the X axis represents the 
grade and the area assigned to each grade is represented by the Y axis in which the lines vertical to X axis show 
the threshold estimation of each element. (Diagram 2) Based on this figure it is clearly obvious that as the grade 
increases, the area occupied by that element decreases (Table 2 and Table 3). 
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Diagram 2. Threshold estimation for copper and lead in fractal method. 

 
Table 2. Correlation of normal data with Pearson method. 
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Table 3. Correlation of raw data with spearman method. 

 

4.2 Satellite Imagery Layer  
In this part, the translocation of the Aster scenes on the Kalatereshm’s sheet and Semnan province has been illu-
strated and some of the existent anomalies in the region which have been given scores for Synthesis will be illu-
strated in Figure 4 and Figure 5.  

5. Synthesis of Informational Layers 
In this section, all the informational layers have their respective scores from 1 to 10 which are given based on 
the type of the host rock and the existent of more Faults in the layers. We can also say that the basis of selection 
in geochemical layer is the existent correlations observed between elements in the Spearman and Pearson me-
thods which due to the lack of strong correlations in these two tables, only the two elements of Lead and Copper 
have been chosen for the Synthesis process, And for the Aster images one can obtain the most efficient altera-
tions for Copper and Lead for the final Synthesis on the basis of the A. Kalinowski, 1990 and S. Oliver, 2004 
studies. As for the Fault density map, one can say that because of the undeniable role of Faults in conducting the 
solutions which contain Copper and Lead, the rated Fault density layer will be in the final Synthesis. In the next 
figures, the scores related to the Geological layers which are segregated from the main map and also the descrip-
tion for each of the layers has been presented, Table 4 and Table 5 (Figures 6-9). The produced Geochemical 
maps of Lead and Copper using the Fractal concentration-area method have been scored from 1 to 10 based on 
the scoring basis in which 1 is the least score and 10 is considered the maximum. As for anomalies, for the ele-
ment Lead we can name the Carbonate (rating 3) and Silicate (rating 2) anomalies and for Copper the advanced 
Argillic (rating 4), Phyllic (rating 3) and Carbonate-Chlorite-Epidote (rating 2) anomalies. Making comparison 
between each possible pair in each cluster, this gives a weighting for each element within a cluster and also a 
consistency ratio [13]. 

AHP is a theory of measurement through pairwise comparisons and relies on the judgment of expert to derive 
priority scales [14]. 
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Figure 4. Coverage of ASTER scenes on Kalatereshm sheet and natural colors on aster image. 

 

 
Figure 5. Alteration map using ASTER images. 
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Table 4. The scores given to geological layers of copper. 

Units Points 

Ean: Brown micro Porphyritic Andesite 2 

Eda: White to blue Dacitic crystal Tuff and Tuff Breccia 4 

Sch, mtv: Dark green metamorphosed Andesite-basaltic Lava, meta Tuff, Greenschist, Micaschist, Quartzite, Marble and 
Ultrabasic rocks 6 

Eap: Brown mega Porphyritic Andesite Lava that vesiculars are filled by Calcite, Zeolite, Opal and Malachite 8 

EV,t: Brecciated Andesitic Lava, Andesitic Lava with related Tuff, red to dark volcanic Breccia 10 

 
Table 5. The scores given to geological layers of lead. 

Units Points 

d1: Brown thick bedded to massive meta Dolomite 2 

l, dl: Medium bedded to massive meta Limestone and meta Dolomite 4 

d2: Brown and gray metamorphosed Dolomite 6 
ml, md: Thick bedded to massive metamorphosed Dolomite and Limestone 8 
PZ(mt): Micaschist, meta Sandstone and meta Dolomite and Limestone 10 

 

 
Figure 6. The scores of geological layers for lead and copper. 

 
The synthesis procedure is first explained to the participants, the judgment are elicited and then synthesized. 

This approach maybe compared with what one would obtain if each of the participants were to be included as a 
decision maker in the hierarchy and all participate to compare the relative merit of each in providing judgments 
to make the decision according to a given set of criteria. Then, one proceeds to obtain judgments from each of 
them separately on the issues, synthesizing the final results [15]. 

Logistic Regression (RL) is a model that can be established when some samples of the response are known 
[16]. 
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Figure 7. Density map of faults. 

 

 
Figure 8. Anomaly maps and respective scores for lead and copper. 
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Figure 9. The maps of carbonate and silicate alteration and advanced argillic, phyllic and carbonate-chlorite-epidote altera-
tion that will be used in synthesis. 

 
So it is a data-deriven approach and does not depend on the opinions of experts [17]. 
After giving scores to the informational layers, these layers will be weighted in the Expert Choice software so 

that these weights could be used in producing the final maps of applicable areas for more advanced ground ex-
ploration of Lead and Copper using the Index Overlay model. In the following tables in which the informational 
layers are determined based on weighting, the Fault layers are of more importance because of their conductivity 
of solutions containing minerals for forming deposits, the Geochemical layer is at the second row due to sam-
pling and the Geological layers and the Aster images are next based on their relative importance and under the 
influence of expert opinions. The Overall Inconsistency for Lead in Expert Choice software is 0.4 and for Cop-
per is 0.07 (Table 6 and Table 7).The procedure chose to rate each layer is based on mineral deposit model in 
which copper formation is disseminated and lead formation is as MVT. The reason for allocating the highest 
weight to the fault layers of copper and lead deposits is due to ore fluids being steered to the host rocks. The 
reason for choosing the second rating for the geochemical layers obtained from ground sampling is due to this 
layer being more accurate and reliable than RS and geology layers. The alteration layer for copper deposit gains 
more significance in the third rating because of the disseminated ores of copper having unique alteration for re-
mote sensing purposes. The geological layer for lead deposit is at the third rating and the reason for this choice 
is due to the existence of MVT deposits in the carbonate layers. 

In the case of types of mineralization in the rocks of the area, disseminated types for copper deposits and hy-
drothermal types for lead deposits can be mentioned which are tectonic structures for controlling mineralization. 
The host rock for lead deposits in the area mainly consists of meta-dolomite and also has meta-limestone in 
smaller amounts. For the copper deposits of the area, intrusive andesite masses can be mentioned. On the matter 
of the age of the host rocks of these deposits, Miocene and Eocene can be named for the copper deposit and Or-
dovician and Silurian for lead deposit. 

After integrating the informational layers, the applicable areas are illustrated as in the below figure in which 



S. M. Ahmadi et al. 
 

 
690 

the Red areas have the priority for more advanced stages of ground exploration, sampling and trenching (Figure 
10). 

6. Conclusion 
Copper anomalies are existent in the northern part of the sheet in the Andesite, Dacite, Andesite-basalt units. 
Lead anomalies can be found in the Calcareous, Sandstone and the Metamorphosed dolomitic units. There is the 
possibility of discovering more areas for prospecting purposes because of the scope of applicable areas. Because 

 
Table 6. Weights of informational layers for copper in AHP method. 

Weights Informational Layers Count 

264.0 Geochemistry 1 

185.0 Geology 2 

189.0 Alteration 3 

362.0 Fault 4 

 
Table 7. Weights of informational layers for lead in AHP method. 

Weights Informational Layers Count 

0.3070 Geochemistry 1 

0.1920 Geology 2 

0.1190 Alteration 3 

0.3820 Fault 4 

 

 
Figure 10. The final maps for illustrating suitable areas with IO model and AHP method. 
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Table 8. The table of space priorities of lead. 

Priority Space of Priorities for Lead (square Kilometer) Space of Priorities for Copper (square Kilometer) 

1 66 25 

2 206 78 

 
of the proximity of paragenesis and the accompaniment of the element Lead with Zinc, the final determined 
areas for Lead can also be used for mining Zinc. Mathematical techniques and weighting patterns implemented 
on the participating factors of the study will lead to the possibility of finding one or more minerals and also the 
possibility of saving in time and cost and obtaining broader areas for ground exploration after integrating the 
expert opinions and using the mathematical algorithms (Table 8). 
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