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1-Introduction

Separation of geochemical anomalies from background has always been a major concern in geochemical
exploration (Nazarpour, 2018. The Malayer-Aligudarz-Isfahan metallogenic belt with the north-west-
south-east trend is the largest and most important Pb-Zn belt of MVT type in Iran (Rajabi et al., 2012).
Khondob 1:100000 geological sheet as a high potential area is located in the north of Malayer-
Aligoudarz-Efsahan Pb-Zn metalogenic belt. Various statistical methods have been used to process
geochemical data in order to determine threshold values. In this study, classic statistical Mean+2SDEV),
Singularity Index (SI) analysis, remote sensing, weight of evidence (WofE) and structural analysis
methods, have been applied to separate geochemical anomalies from background of the Pb and Zn
metals in the study area.

2-Methodology

2-1-Classical statistics

Statistical quantities, such as the mean, standard deviation (SDEV) and percentiles, have been used to
define threshold for separating anomalies form background. For example, geochemical anomalies have
been defined as values greater than a threshold defined as the 75th or 85th percentile, and Mean+SDEV
or Mean+2SDEV (Nazarpour et al., 2015).

2-2- Singularity Index

The singularity technique is another important progress for fractal/multifractal modeling of geochemical

data (Zuo et al., 2012). It is defined as the characterization of the anomalous behaviors of singular

physical processes that often result in anomalous amounts of energy release or material accumulation

within a narrow spatial-temporal interval. The singularity can be estimated from observed element

concentration within small neighborhoods based on the following equation (Cheng, 2007):
H)X=c-7F

The singularity index is a powerful tool to identify weak anomalies, but it is influenced by the selection
of the window size. When applying this method, one should use different window sizes to process the
geochemical data and find an appropriate window size which can highlight the interesting results (Zuo et
al., 2012).
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3-Remote sensing

The use of remote sensing techniques is valuable particularly in mapping hydrothermally altered
minerals that have distinct absorption features and its capability in hydrothermal alteration and
mineralization has been documented by a number of studies (Hunt, 1979). In this study, we were able to
obtain, using the tracer satellite images and using the band rations technique, to obtain carbonate and
silica alteration zones in the study area for Pb and Zn mineralization.

4- Results and discussion

Threshold values obtained using applied methods were used to map the spatial distribution of element
concentrations. These interpolated maps were produced by means of inverse distance weighted (IDW)
method (Nazarpour et al., 2016). The classic statistical method (Mean+nSTEV) indicates that the
threshold values for the Pb and Zn metals 30.75 ppm and 153.18 ppm, respectively. Maps derived from
the Singularity Index (SI) hidden and weak anomalies are better represented and overlap with limestone
lithology as the major host rock of Pb and Zn deposits (MVT type) in the study area. Moreover, the
anomalies obtained from SI model indicated more auurate overlap with the Pb and Zn deposits. The
results of applied methods, indicated that The singularity index method has a higher accuracy. Also,
indicates the higher concentration of Zn in area of study. Results also indicated highest anomalies of Pb
and in south and northeast, northeast and center of the region, respectively, where with higher
probability of the presence of MVT deposits. Moreover, the obtained anomalies show a high correlation
with the Cretaceous limestone lithological units and fault zone of the region, which are directly related
to the Pb and Zn mineralization.
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Table 1. Characteristics of index mine in the Khondob sheet.
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Table 2. Calculation of statistical parameters for Pb and Zn metals in the Khondob sheet.

Metals Min Max Mean Median Std Var
Pb (ppm) | 3.75 843.40 22.83 30.75 | 40.80 | 1665
Zn (ppm) | 13.61 923.81 106.33 | 129.22 | 93.43 | 8729
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Table 3. Geochemical communities divided by mean and standard deviation (classical statistics) for Pb and Zn metals.

Metals Low Background Highe Background Possible Anomaly Definitive Anomaly
Pb (ppm) Mean=30.75 Mean+STEV=71.56 | Mean+2STEV=112.37 | Mean+3STEV=153.18
Zn (ppm) Mean=129.25 Mean+STEV=222.65 | Mean+2STEV=316.08 | Mean+3STEV=409.51
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Fig. 5. Distribution map of geochemical communities of Pb and Zn metals based on classical statistical method in the Khondob sheet.
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Fig. 6. T-Value graph for Pb and Zn metals for the anomalies obtained from the Singularity Index method in the Khondob sheet.
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Fig. 7. Geochemical map of Pb and Zn metals based on the method of Singularity Index (SI) in the Khondob sheet.
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Fig. 8. Map of Pb and Zn mines density in the Khondob sheet.
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Fig. 13. Identification of silica and carbonate alternations using ASTER image in Khondob sheet.
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Table 4. Percentages of the known Pb deposits outside the anomalies determined by different methods.

Pb Mean+nSTEV Sl
Threshold value 112.37 (ppm) 2.1
Deposits ouside anomalies (Total Zn-Pb deposits = 173) 14 2
Percentage of deposits outside anomalies 50% 8%
Percentage of anomalies 7% 42%
Percentage of background 23% 58%

Proportion of background over which deposits are located and the

total background 1.07% 0.45%
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