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Abstract 

The Haft-Savaran Pb-Zn mineralization zone with the lower Jurassic age is located in the southern basin of 

Arak and Malayer-Isfahan metallogenic belt of Iran. Based upon the geological map of the Haft-Savaran 

area, the sandstone and shale of lower Jurassic are the main rocks of Pb-Zn deposit. In this area, 170samples 

were taken from 33 boreholes, and44 elements were measured by the ICP-MS method. Adaptation of the 

alteration index and Pb–Zn mineralization was investigated in this work. The model was created based on the 

Sericitic, Spitz-Darling, Alkali, Hashimoto, and Silicification Indices in all boreholes. This work showed that 

the Sericite, Hashimoto, Spitz-Darling, and Silicification indices increased around mineralization, and the 

alkali index decreased around it. Development of the alteration indices indicates that direction of the  

ore-bearing solution is NE-SW, and that this trend is consistent with the faults in the area. Based upon the 3D 

models and other data interpretations, Pb–Zn and elements such as Fe, Mn, Cr, and Ni have deposited within 

the alteration zones. 

 

Keywords: Alteration Halos, Alteration Index, Pb-Zn Mineralization, Haft-Savaran. 

1. Introduction 

Iran has large deposits of Pb–Zn (About 600  

Pb-Zn deposits and occurrences), among which 

are the world-class deposits of Mehdiabad, 

Irankuh, and Angouran [1-3].Only a few deposits 

have been actually explored and/or exploited, 

although 10 deposits are currently being mined 

[4]. It is probable that those deposits range from 

exhalative sedimentary to Mississippi  

Valley-Types (MVTs) [5].The most important 

metallogenic provinces for Pb–Zn mineralization 

are Central Iran, Sanandaj-Sirjan zone, and Alborz 

region (Figure 1). Ages of the mineralization 

events and host rocks range from upper 

Proterozoic to Oligocene–Miocene, although most 

of the host rocks are either Paleozoic or 

Cretaceous carbonates [6].The lead–zinc deposits 

are common in the Sanandaj-Sirjan zone, 

especially in its middle part, the Malayer–Esfahan 

belt, where it is predominantly strata-bound and 

restricted to Cretaceous limestones, dolomites, 

shales, and occasionally sandstones, although 

some deposits have pre-Cretaceous host rocks. 

Sulfidic mineralization is dominant in the belt but 

non-sulfide ores are also common (e.g. Irankuh 

deposit). The proposed hypothesis for the origin 

of these deposits vary from MVT to Sedex models 

[1].Lead–Zinc deposits are hosted by both clastic 

and carbonate Phanerozoic rocks. Although many 

Pb–Zn deposits are Mississippi Valley-type 

(MVT) [7], the largest deposits (Koushk, Zarigan, 

and Chahmir) belong to the shale hosted Pb–Zn 

mineralization type [8]. There are relatively few 

published data about the Iranian shale-hosted  

Pb-Zn deposits, and their classification. 

A mineral deposit model usually provides 

systematic descriptions of the essential geological, 

geophysical, and geochemical characteristics of a 

relevant type of mineral deposits. The primary 

geochemical halo of a mineral deposit has been 

defined originally as an environment including 
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enriched ore-forming and associated elements, 

which are formed by hydrothermal ore processing 

[9-11]. Thus a research work on primary haloes 

may form part of a mineral deposit model, 

although both the deposit model and primary halo 

approaches are based upon the study of primary 

geochemical features of mineral deposits. These 

features are the essential mechanisms for metal 

precipitation or mineral formation, and are 

indicative of chemical processes that occur during 

mineralization [12].The primary geochemical halo 

is usually applied in mineral exploration of a 

country or a province, and the results obtained are 

important for understanding the general 

distribution of elements. Most studies have 

focused on deposit-scale exploration programs for 

primary geochemical haloes in mineral deposits, 

employing a traditional element zonality method 

to interpret the litho-geochemical data [13, 14]. 

Litho-geochemical data are useful for mineral 

exploration studies by providing chemical 

information on the alteration and mineralization 

patterns. The ultimate goal of the statistical and 

spatial analysis of litho-geochemical data for 

mineral exploration is the detection of zones of 

elevated concentrations (e.g. geochemical 

anomalies) of oxide or trace elements that may be 

reflective of mineral deposits [15]. One of the 

major improvements in mineral exploration has 

been the recognition of regional-scale alteration 

patterns in hydrothermal systems [16].Alteration 

indices allow for more accurate mapping of 

hydrothermal alteration in rocks, and have been 

instrumental in the discovery of many base and 

precious metal ore deposits in both the submarine 

and sub-aerial environments [17]. One of the 

questions raised is whether there is a relationship 

between Pb–Zn mineralization and alteration in 

the region. 

 This paper demonstrates the use of regional 

geochemical surveys for Pb–Zn exploration and 

local litho-geochemical for mapping alteration 

intensity at the Haft-Savaran Pb-Zn 

mineralization. 

2. Geological setting 

The studied area is situated in the Malayer-

Esfahan Pb-Zn metallogenic belt within a regional 

tectono-stratigraphic trend of well-studied nearby 

Pb–Zn deposits, namely Ahangaran, Emarat, 

Muchan, Kelisheh, Haft-Savaran, Lakan,  

Hossein-Abad, which are all of the strata-bound 

style. From the regional tectonic view point, these 

deposits are arranged on the margins of a rift-

generated sedimentary basin. In places that 

intrusive bodies/stocks have outcropped, grade 

and tonnage of these deposits have considerably 

improved; however, nearby the Haft-Savaran  

Pb-Zn deposit, no such outcrops have been 

observed, requiring airborne magnetic 

interpretation with adequate line-spacing survey 

resolution to determine the possibility of hidden 

intrusive bodied with various magnetic 

susceptibility and depths in order to estimate their 

composition [18]. 

The deposit is situated about 25 km SW of 

Khomein and SE of Arak city in the Sanandaj-

Sirjan zone (Figure 1).A simplified geologic map 

of the Haft-Savaran region is shown in Figure 2. 

Based on the geological map of the Haft-Savaran 

area, sandstone and shale of lower Jurassic are the 

main rocks in the deposit. Faults with dominant 

NE-SW trends and folds with S-W or NW-SE 

trends are the major structural features in the area. 

In this area, geological formations are comprised 

of Jurassic (Liassic coal-bearing shale and 

sandstone) and Cretaceous (limestone). 

3. Mineralization 

The Pb+Zn, Pb/Pb+Zn, Cu+Pb+Zn, and Cu ratios 

in the shales and sandstone show that 

mineralization is Sedex deposit in the  

Haft-Savaran region [18]. Lead–zinc 

mineralization has occurred in shales and 

sandstones and along the normal fault with a NE 

to SW trend. Mineralization is in the form of 

strata-bound ore deposits. Haft-Savaran deposit is 

classified into three facies as stockwork, massive 

sulfide, and stratiform according to geometry, 

texture, and grade. Mineralization is in form of 

veins and veinlets in the stockwork facies. 

Thickness of veins and veinlets change from 1 

mm to 4 cm, filled with quartz, dolomite, and 

sulfide. The thickness and the density veins and 

veinlets increase in the vicinity of the sulfide 

massive ore facies. Mineralization includes 

quartz, iron-rich dolomite, sericite, pyrite, 

sphalerite, gallon, and chalcopyrite. Sulfides are 

also present in all veins. The grade of Pb-Zn is 5% 

in stockwork facies. The massive sulfide facies is 

thick and forms a high-grade deposit in the 

vicinity of a normal fault above the stockwork 

facies. Mineralization is strata-bound in the 

massive sulfide deposit and includes the silica, 

carbonate, and sericite alterations. Replacement 

and breccia structure is also seen in this facies due 

to faulting. Fine-grained sulfides are also 

observed in sparse in the breccia structure. 

Massive sulfide facies include dolomite and 

quartz minerals with sulfides such as pyrite, 
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sphalerite, gallon, and chalcopyrite. The Pb-Zn 

grade varies from 10 to 18% [18]. Stratiform 

facies have sulfide strips whose thickness change 

from 5 mm to 3 cm. This deposit includes silt 

particles, organic matter, and sulfide minerals. 

Sulfides are pyrite, and are often dispersed grains. 

The sphalerite and chalcopyrite minerals are also 

dispersed in the matrix. The alteration minerals 

such as fine-grained dolomite and sericite are 

formed in this facies. The grade of Pb–Zn ore is 

very low (0.5%). The shale and sandstone host 

rock is subjected to silica, dolomite, and sericite 

hydrothermal alteration, and is mainly found 

around the stockwork facies. Stockwork sulfide 

facies and alterations related to the hydrothermal 

processes and mineralizations have been induced 

by passing fluids through normal faults in the 

Haft-Savaran region. A simplified stratigraphic 

column of the area is shown in Figure 3. 

 

 
Figure 1. Haft-Savaran Pb–Zn deposit in Sanandaj-Sirjan zone [1]. 

 

 
Figure 2. Simplified geologic map of Haft-Savaran region. 
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Figure 3. Simplified stratigraphy column of Haft-Savaran deposit [19]. 

 

4. Materials and methods 

4.1. Sampling and analysis methods 

To design the sampling pattern, a total of 33 

boreholes with 170 samples were selected from 

the exploration report for analysis. The location 

map of boreholes is presented in Figure 4.The 

samples were analyzed by inductively coupled 

plasma-mass spectrometry(ICP-MS) for 44 

elements (Ag, Al, As, Au, Ba, Be, Bi, Ca, Cd, Ce, 

Co, Cr, Cs, Cu, Fe, Hg, K, La, Li, Mg, Mn, Mo, 

Na, Nb, Ni, P, Pb, Rb, Re, S, Sb, Sc, Sn, Sr, Te, 

Th, Ti, Tl, U, V, W, Y, Zn, and Zr), and major 

oxides(MgO, Fe2O3, Al2O3, Na2O, K2O, CaO, and 

SiO2) were measured by the X-ray 

fluorescence(XRF) spectrometer method. 

Statistical methods are generally used in analyzing 

and processing data in geochemical discoveries. 

The collected data is first organized, and after 

classification, it is determined out of order data 

and then normalized data. Finally, the 

geochemical maps are provided after  

single-variable and multivariate statistical 

calculations, and are introduced to the anomalous 

areas. Accordingly, the goal of geochemical 

exploration is to obtain geochemical zones using 

the detector and reagent elements. Therefore, we 

used different methods of halo indexing and 

alteration to introduce the mineralization zones. 

Factor analysis and cluster analysis were used to 

determine the similarity of different methods of 

haloe index and alteration index. 
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Figure 4. Location map of boreholes. 

 

4.2. Multivariate analysis 

In order to determine the relationships among the 

elements, the halo and alteration index groups, 

factor analysis, and cluster analysis were 

employed. The results obtained were evaluated by 

the STATISTICA programs. The factor analysis 

was carried out by the principal component 

method, which was, rather than the original data, 

based upon the examination of dependency among 

the artificial variables computed from the 

covariance and correlation coefficient matrices 

[19]. In other words, the eigenvalues and 

eigenvectors of covariance and correlation 

coefficient matrices were interpreted. In the 

meantime, to strengthen the factor loads, varimax 

rotation was performed. Using the Ward's method 

and Pearson's correlation coefficients, cluster 

analysis (hierarchical cluster analysis) was carried 

out, and the results obtained were given in a 

dendogram. 

5. Results and discussion 

5.1. Geochemical distribution 

The geochemical characteristics of most important 

normalized elements are summarized 

inappendix1, with the minimum, maximum, 

standard deviation, mean, kurtosis, and skewness 

values. The values for X+2S (X is the mean and S 

is standard deviation) were calculated for the 

elements Pb, Zn, Fe, and Cr based on the lepeltier 

method [20].The Kriging method provided a 

probability based on estimation of the trace and 

heavy element distributions and their spatial 

distributions [21]. It should be noted that Pb and 

Zn are highly rich in the region (Figure 5). High 

values of Pb and Zn have a wide distribution in 

the SW part of the region. The highest values of 

Fe are located in the SW region with a trend to the 

NE (Figure 5). 

Factor analysis was employed to determine the 

relationships among the elements and the element 

groups [22].Factor analysis yielded five rotated 

components, each with eigenvalues greater than1 

(Table 1). Twenty three elements were combined 

and produced five significant factors explaining 

71.34% of the variance of the original dataset 

(Table 1). Most of the variance in the original 

dataset is contained in factor1 (32.66%), which is 

associated with the components 
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Cr,Zr,Ti,V,Ba,P,Fe, and Pb. Factor2 explains 

21.05% of the variance, and is mainly related to 

the elements Mg,Al,Si,K, and Ca. Ta,Zn,Na, and 

S contribute most strongly to the third factor that 

explains 6.76% of the total variance. The fourth 

factor is concerned with Cr and Cl and represents 

6.05% of the total variance. The fifth factor is 

included solely with Sr, and represents 4.83% of 

the total variance. There is a good correlation 

between Pb, Fe, and Cr in factor1 and Zn in 

factor3 as the mining elements. 

Factor analysis allows us to calculate a single 

value for each factor [23, 24].For example, instead 

of analyzing separate element maps, we can 

establish a linear relationship among variables and 

plot a single map called the factor score (FS) map 

showing the distribution of such relationship [25, 

26].A potential map was obtained by combining 

the individual FS maps into a single geochemical 

predictive map, and locations of the studied area 

were selected as the target areas for further 

exploration of the deposit-type. After the FSs of 

each sample, weights should be assigned to each 

sample to represent the probability of the presence 

of the deposit-type upstream of the sample. The 

weights are here called the geochemical 

mineralization probability index map (GMPI:27, 

20). 

In general, in a factor analysis, the response 

variable is continuous, and the values outside the 

[0, 1] range are inappropriate if the response 

variable relates to probability. In order to 

constrain the values of the predicted response 

variable within the unit interval [0,1], Yousefi et 

al. [27, 28] and Yousefi and Carranza [28] 

recommended the use of a logistic model in order 

to represent the probability, by following: 

MPI
1




FS

FS

e

e
 

 

where FS is the factor score of each sample per 

indicator factor obtained in a factor analysis. 

GMPI is, therefore, a fuzzy weight of each stream 

sediment geochemical sample for each indicator 

factor. In this work, the distributions of GMPI for 

the indicator factors were represented as the 

interpolated values (Figure 6). A GMPI value 

corresponding to the cumulative percentile of 

97.5% frequency was selected as the threshold 

value to separate the anomalous and background 

samples. The map of the first and third 

geochemical mineralization probability index 

(GMPI1, GMPI3) shows high values of Pb, Zn, 

Fe, and Cr in the SW part of the region. 

 

 

 

Figure 5. 3Ddistribution models for elements Pb, Zn, Fe, and Cr. 
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Table 1. Factor analysis of elements in first step (loadings in italic represent selected factors based on threshold 

of 0.70). 

 

 

 

 

Variables Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Cr -0.65 0.12 -0.10 0.63 0.02 

Cu 0.29 0.09 0.47 -0.32 0.10 

Fe 0.88 0.02 0.09 0.08 0.12 

Mn 0.16 0.48 0.36 0.27 -0.23 

Ni -0.35 -0.01 -0.36 0.04 0.57 

Pb 0.64 -0.05 0.46 0.09 0.06 

Sr 0.10 -0.21 -0.01 -0.02 0.81 

Ta 0.44 -0.14 0.62 -0.12 0.08 

Zn 0.20 0.10 0.70 0.12 -0.15 

Zr -0.82 -0.01 -0.02 0.05 -0.24 

Ti -0.93 0.18 -0.13 0.02 0.16 

Rb -0.81 0.07 -0.20 0.12 0.26 

V -0.85 0.19 -0.16 0.05 0.30 

Ba -0.73 -0.14 -0.25 0.10 0.20 

Na -0.17 0.27 0.62 -0.07 -0.06 

Mg 0.05 0.80 0.18 -0.05 -0.13 

Al -0.24 0.92 0.06 0.00 0.03 

Si -0.13 0.93 0.08 0.05 -0.02 

P -0.89 0.17 0.01 -0.05 -0.05 

S 0.19 0.36 0.65 -0.04 -0.27 

Cl 0.05 0.10 -0.03 0.90 0.01 

K -0.27 0.90 0.02 0.00 0.09 

Ca 0.09 0.67 0.10 0.16 -0.24 

Eigenvalue 7.51 4.84 1.55 1.39 1.11 

Cumulative 

Eigenvalue 
7.51 12.35 13.91 15.30 16.41 

%Variance 32.66 21.05 6.76 6.05 4.83 

% Cumulative 

Variance 
32.66 53.70 60.64 66.51 71.34 
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Figure 6. GMPI distribution map for Cr, Fe, Pb, Ti, Rb, V, Ba, P (GMPI1); Mg, Al, Si, K, Ca (GMPI2); Ta, Zn, 

Na, S (GMPI3); Cr, Cl (GMPI4);and Sr (GMPI5) indicator factors. 

 

5.2. Halos index 

It is likely that the significant Zn–Pb enrichments 

are found on the SW portion of the block near the 

fault-controlled shale contact, though the 

enrichment in Zn ores occurs both on the NE and 

SW of the block. Therefore, the ore is replaced 

epigenetically in hydrothermally altered shale as 

well as the faulted-fractured shale contact. It is 

interesting that the concentration of the elements 

and ore values increase consistently toward the 

hydrothermally shale rocks with depth. The 

multiplicative composite rock-geochemical halos 

of multi-element data have been successfully used 

to delineate the possible exploration target for 

concealed mineralization [29]. Primary halo 

zoning can help to assess the level of the erosion 

and the extension of the supra-ore halos from  

sub-ore halos. For this purpose, theratios of 
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anomalous geochemical halos of ore elements 

were applied for the zonality of Pb-Zn sulfide 

mineralization. In order to calculate the composite 

halos, the anomalous values of 

Ba/Zn,Mn/(Pb+Zn), Cu/(Pb+Zn)(Ba.Mg)/(Pb.Zn), 

(Ba.Ca)/(Pb.Zn), (Ca.Mg)/(Pb.Zn), 

(Na.S)/(Pb.Zn), Ba/Sm, Pb/(Pb+Zn), Zn/(Pb+Zn), 

Zn/Pb, SiO2/Zn, Fe/(Fe+Pb+Zn), V/Cr, and 

V/(Ni+V) were determined. One of the most 

useful applications of the composite geochemical 

halos is to find the location of blind ore [30]. 

After making vertical models of the halos, the 

mean values of each index were calculated for 

different levels from the surface toward the depth 

and plotted on a graph in Figure 7. Accordingly, 

Zn/(Pb+Zn), Zn/Pb, SiO2/Zn, andV/(Ni+V) of the 

composite halos demonstrate an increase above 

them in zone of the Haft-Savaran Pb-Zn 

mineralization in the SW to NE trend. 

 

 

Figure 7. Multiplicative composite vertical litho-geochemical halos versus depth at Haft-Savaran mine based on 

Zn/(Pb+Zn), Zn/Pb, SiO2/Zn, andV/(Ni+V) contents. 

 

5.3. Alteration index 

The rocks of the area have hydrothermal 

alterations. Consequently, in order to find the 

relationships between mineralization and 

alteration in the area, many alteration indices were 

developed for the presence of alteration, and 3D 

alteration models were 

produced(Table).Sericitization index 

(K2O/(Na2O+CaO)) was observed in two areas 

and with a trend from east to west (Figure 5). The 

index distribution 3D model of Spitz–Darling 

(Al2O3/Na2O ratio) shows an enrichment of Al2O3 

rather than the Na2O unit that refers to empty 

sodic in rocks of the region (Figure 5). High-grade 

area of this variable in the center and SW of the 

region is visible as small discrete areas. The index 

distribution 3D model of Alkali had almost the 

opposite trend with a Sericitization index and 

increased with increasing the distance from Pb-Zn 

mineralization(Figure 5).The Hashimoto index 

distribution 3D model that shows input of K and 

Mg, and exit of Ca and Na confirms the possible 

locations specified by mineralization 

((MgO+K2O)/(MgO+K2O+CaO+ Na2O)). This 

index is widely spread in the east and west regions 

with the enrichment in the west, and indicates that 

there is a further potential of these areas for 

mineralization. The index distribution 3D model 

of Silicification has a  

high-grade area in the SW and central part of area 

(Figure 5). 
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Table 2. Summary of alteration indices to test for presence of alteration. 

Alteration Index Element Ratios Alteration Process Source 

Sericite Index K2O/(K2O+Na2O) replacement of feldspar by sericite [31] 

Silicification 

Index 
SiO2/(SiO2+Al2O3) Si enrichment or depletion relative to Al. [32] 

Spitz-Darling Al2O3/Na2O sodium depletion (Al2O3 conserved) [33] 

Alkali Index Na2O + CaO/(Na2O + CaO + K2O) 
loss of CaO and Na2O by destruction 

feldspar 
[34] 

Hashimoto Index 
MgO + K2O/ (MgO + K2O + CaO + 

Na2O) 

addition of Mg and K as chlorite and 

sericite 

loss of CaO and Na2O by destruction 

feldspar 

[35] 

[36] 

 

 

Figure 8. Alteration models for Sericite Index(Ser.I), Spitz-Darling Index(Spt-Dar.I), Alkali Index(Alk.I), 

Hashimoto Index (Hash.I),and Silicification Index(Sil.I). 
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The cluster analysis of halo index and alteration 

index presents three separate clusters of these 

indices (Figure 9). Cluster A contains the most 

metallic and non-metallic ratios with Pb and Zn in 

the region. Cluster B indicates indicators that are 

close to the silica and Alkali indices, and finally, 

cluster C indicates the mineralization of Zn and 

Pb in relation to the Hashimoto, Sericite, and 

Spitz-Darling indices. 

In the next stage, the factor analysis was 

performed on the composite halo index and 

alteration index. After preparing and standardizing 

them, a three-stepwise factor analysis was used to 

infer the important indicators for mineralization. 

In the first stage, factor analysis clearly revealed 9 

factors on the basis of the chemical indices of the 

samples. At this stage, the Ba/Zn, Mn/(Pb+Zn), 

Ba/S, and Fe/(Fe+Pb+Zn) indices were set aside 

due to the lower factor load factor. The remaining 

indicators were sent to the second stage of factor 

analysis. In the second stage, Cu/(Pb+Zn) and 

Fe/Zn were excluded from the calculations. The 

third stage and the last stage of factor analysis 

provided seven distinct and effective factors on 

the introduced indicators (Table 3). The specific 

values for these factors are presented in Table 3. 

The first factor with a specific value of 5.04 and 

25.21% variance includes Fe/(Pb+Zn), 

(Ca.Ba)/(Pb.Zn), (Ca.Mg)/(Pb.Zn), 

(Mn.Ba)/(Pb.Zn), and (Na.S)/(Pb.Zn), which are 

related to the trend of these indices in each 

borehole. The second factor with a specific value 

of 3.18 and 15.90% variance is the Hashimoto, 

Sericite, Spitz-Darling, and Alkali alteration 

indices. The Alkali index here is associated with a 

negative coefficient and the trend that increases 

out of the mineralization domain. Therefore, the 

existence of a negative affinity can be an exact 

calculation. The third factor with a specific value 

of 2.31 and 11.57% variance can be an indicator 

of Pb and Zn mineralization. The fourth factor 

with a specific value of 1.74 and 8.72% variance 

can be related to silica mineralization in the 

region, with silica associated with Pb and Zn 

anomalies. The existence of a silicon substitution 

index along with the indices (Si.K.Al)/(Pb.Zn) 

and the SiO2/(Pb+Zn) index are indicative of this. 

Due to the low variance and special value of other 

factors, they were not considered. 

 

 
Figure 9. Cluster analysis of halo index and alteration index. 
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Table 3. Third stage of stepwise factor analysis on geochemical indicators in Haft-Savaran area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

6. Conclusions 

By comparison of Pb-Zn and other element 

anomalies with alteration indices and alteration 

halos, it was determined that mineralization 

occurred in the alteration zones. The development 

of alteration indices is an evidence of the direction 

of mineralization solutions along the NE-SW 

trend, and this trend is in accordance with the fault 

in the region. The significant adaptation of 

alteration indicators and metal anomalies show 

that alteration indicators can be used to detect 

mineralization. According to the existence 

potential for Pb-Zn mineralization in the  

Malayer-Isfahan metalogenic zone, the results of 

this research work can be used in future 

exploration works in the region, especially for the 

areas in the regional exploration and polymetal 

mineralization. 
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Appendix1 
Statistical parameters of main element concentrations of samples from Haft-Savaran area. 

Variable Mean Median Minimum Maximum Standared devetion Skewness Kurtosis 

Cr 87.21 90 7.50 213 34.65 0.59 1.70 

Cu 61.96 40 10 201 55.43 1.45 1.06 

Fe 92943 71385 331 339723 68355 0.97 0.58 

Mn 7298 3595 103 38061 8521 1.57 1.78 

Ni 42.87 40 7.50 96 14.60 0.33 1.56 

Pb 2405 560 20 10943 3409 1.48 0.92 

Sr 82.65 70 20 228 46.56 1.38 1.68 

Ta 74.39 70 7.50 147 24.62 1.59 2.37 

Zn 4065 1635 103 12996 4670 1.080 -0.43 

Zr 201 200 7.50 460 71.53 0.06 0.88 

Ti 3688 3911 735 5546 1153 -0.64 -0.34 

Rb 97.82 100 7.50 180 38.62 -0.49 -0.24 

V 113 115 20 190 35.99 -0.26 -0.58 

Ba 223 220 7.50 530 107 0.22 -0.01 
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 چکیده:

و  سنگ ماسهاصفهان واقع شده است.  -سازی سرب و روی هفت سواران با سن ژوراسیک زیرین در بخش جنوبی اراک و در کمربند متالوژنیک ملایرمنطقه کانی

عنصر به روش  44چاه حفاری برداشت و  99نمونه از  621میزبان سرب و روی منطقه هستند. در منطقه هفت سواران  های سنگ ترین مهمشیل ژوراسیک زیرین 

ICP-MS دارلینگ، آلکالی، هاشیمیتو و  -چون سریسیتی شدن، اسپیتز هایی اندیسسازی سرب و روی به توسط شاخص آلتراسیون و  یکان شد. گیری اندازه

دارلینگ، هاشیمیتو و سیلیسی شدن در اطراف کانی سازی افزایش  -سریسیتی، اسپیتز های شاخصرار گرفت. این بررسی نشان داد سیلیسی شدن مورد بررسی ق

و این روند منطبق با  استجنوب غرب  -سازی و در جهت شمال شرقبا محلول کانی جهت همآلتراسیون  های شاخص. روند یابد میو شاخص آلکالی کاهش 

آهن، منگنز، کروم و نیکل در منطقه  چنین همو سایر اطلاعات مشخص شد که عناصر سرب و روی و  بعدی سهاست. با توجه به نمودارهای های منطقه گسل

 .اند یافته نشست تهآلتراسیون 

 .هاله آلتراسیون، شاخص آلتراسیون، کانی سازی سرب و روی، هفت سواران کلمات کلیدی:

  

 

 

 

 

 

 
 

 

 


