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1-Introduction

One of the essential requirements in the all stages of an exploration operation for deposits is the precise locating
the exploration works or design of the exploration grid. In general, the arrangement of exploration works is
called the exploration grid. The exploration grid has the variety of types that the type, shape and dimensions of
the grid depend on the geological conditions and characteristics of the deposit (Ahmadi, 2005). Today, issues
related to mineral exploration and design of exploration grids require the extensive use of all sciences,
especially new sciences, fast, accurate and intelligent techniques (Smirnoff et al., 2008). In the present research,
designing exploration grid has been carried out for Khomein-Robat Pb-Zn deposit as a worthwhile small-scale
metallic deposit. The Robat Pb-Zn deposit is located in 32 km west of Khomein city, 10 km northwest of
Ghourchi Bashi town and 2 km south of Robat-e-Paeen village. The studied region comprises three mineralized
areas called Arregijeh, Takhte-Hossein and Baraftab where Takhte-Hossein and Baraftab are adjacent to each
other. From structurally view point, the study area is located in the Sanandaj-Sirjan metamorphic zone and
consists of Cretaceous carbonate-clastic cover over the old metamorphic complex. This region, in terms of
mineralization, especially the presence of Pb-Zn minerals, is a part of the Malayer-Isfahan mineralization strip
(Pichab kansar, 2009). According to the geological conditions of the deposit, the type and amount of available
exploratory information (assay data of trenches, test pits, outcrops, semi-deep and deep boreholes) statistical and
geostatistical methods have been used to design systematic exploration grid for Arregijeh region.

2-Methodology

In this research, primary classification of Khomein-Robat-Arregijeh Pb-Zn deposit has been carried out first,
using support vector machine (SVM) method. SVMs are part of supervised training methods used to solve
classification, regression and ranking problems (lvanciuc, 2007; Cortes and Vapnik, 1995). The classification
model of SVM is used to solve the data classification problems and the regression type model is applied to solve
the prediction problems. Two sets of variables are needed to perform a supervised classification; one set is
target variable that defines the target classes and the other ones are predictor variables which using them, model
obtained from multivariate analyzes, predicts the membership of data into one of the defined classes. The radial
basis kernel function was used to generate the SVM model because favorite results have been obtained for
nonlinear classification in the employed researches by this kind of kernel function. Optimal values for
parameters of kernel function were also obtained by searching in a gridded space. To achieve the goal, 548
available multivariate data point comprising 337 induced polarization (IP) and resistivity (Rs) geophysical data,
211 rock type and Pb-Zn assay data from outcrops, trenches and test pits were used. Three variables IP, Rs and
rock type were considered as predictive variables as well as Pb-Zn assay as target variable. Afterward through
designing and training an SVM model, on the basis of three cut off grade 1.5, 2 and 3 percent, the deposit was
classified to two classes: high-grade zone or anomaly (above the cut off grade) and low-grade zone or
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background (lower than cut off grade). Afterward exploratory boreholes scattered in the region, were drilled in
the locations known as high-grade zone as well as anomalies of the geophysical pseudo-sections. In the next,
using all exploration information, designing the detailed exploration grid of the deposit was performed through
both statistical and geostatistical methods. The classical statistics method is used to obtain an overall idea and
design the initial survey grid. For this purpose, data of 282 samples from 37 trenches, 58 hand-held surface
samples from mineralization outcrops and 2 samples from 2 test pits as surface explorations and assay data of
144 cores from 43 boreholes as semi-deep and deep exploration works were used. For variography of the study
area and then design an optimal exploration grid, SGeMS geostatistical software was employed. Since surface
and deep exploration works are not significantly correlated, therefore 3-D variography was only performed for
borehole data

3- Results and discussion

Evaluation of SVM model performance by various error measurement criteria such as R2, MSE and RMSE
showed that the applied method at this stage of surface exploration operation in the region has yielded
acceptable results. A rectangular grid with dimensions of 36*35m was obtained by analytical method based on
classical statistics. Employing geostatistical method and 3-D variography for Pb-Zn assays of the boreholes
using SGeMS software concluded a square grid with dimensions of 55*55m. Comparing the features of the
exploration grids designed by both statistical and geostatistical methods show that in terms of grid geometry,
both grids are approximately square; in other words the studied deposit is not specific spatial orientated.

4-Conclusions

According to the previous studies and results of the present research, to continue studies semi-deep exploration
activities (i.e. drill holes) are suggested at the nodes of the new systematic exploration grid, designed by
geostatistical method due to more accuracy of the method. Since, based on the evidences and data from
scattered-deep boreholes, the burial depth of the ore is not very high, therefore, semi-deep exploration is
suggested for the detailed stage exploration. At the end the results of the proposed systematic exploration grid
must be studied comprehensively, because the results of detailed exploration will be very useful to estimate the
ore deposit reserve with high accuracy.
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Table 1. Assigned code to the rock type to calculate point-biserial correlation coefficient with Pb-Zn assay data for 211 surface
exploration data.

Code Lithology Abbreviation
1 Silicified limestone SLC-LST
2 Limestone LST
3 Altered Zone Alter-Zone
4 Marl MRL

LEGEND

o Q¢ Young Terraces and alluvial fans of plain
(clay, silt, conglomerate)

K= Marl and yellow to light brown shale with
* ge  intercalation of marly lime

K= Gray lime stone with intercalation of
K= . yellow to light brown marl and marly lime
KL Thick to massive gray lime stone including
‘orbitaline and bivalve
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Fig. 4. Location of 548 surface exploration data (samples of trenches and test pits, IP and Rs data points) in the Arregijeh area on the
part of Robat 1:25000 topography-geology map.
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Table 2. Point-biserial correlation coefficient calculated for the various cut-off grades.

. N
f‘fmdf/:"t;aﬁb

Code Lithology Abbreviation Cut-off grade 1.5% C((J:rlrjilgl;lfogr;/g‘leu;% Cut-off grade 3%
1 Silicified limestone SLC-LST 0.72 0.78 0.84
2 Limestone LST 0.47 0.62 0.62
3 Altered Zone Alter-Zone 1 1 1
4 Marl MRL 0.36 0.36 0
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Table 3. The results of modeling performance in training and test stages for various cut-off grades.

Modeling performance index Cut-off grade (%) Training data Test data

15 0.72 0.69

R? 0.68 0.61

3 0.62 0.58

15 0.39 0.41

MSE 2 0.42 0.43

3 0.46 0.49

15 0.62 0.64

RMSE 2 0.66 0.65

3 0.68 0.7
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Fig. 5. Two dimensional section of SVM classifier for 211 and 337 data, respectively for cut-off grade of 1.5% (a-b), cut-off grade of
2% (c-d) and cut-off grade of 3% (e-f). Red and green points stand for 0 and 1, respectively and points with symbol o denote

machine vector.
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Fig. 6. Classification map of the Arregijeh deposit for cut-off grades of 1.5% (a), 2% (b) and 3% (c). Red and blue points stand for

high-grade and low-grade zones, respectively.
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Fig. 7. Location map of exploration works (sampling locality of outcrops, trenches, test pits and boreholes) in the Arregijeh area.
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Table 4. Descriptive statistics of Pb-Zn assay data in the study area.

Descriptive Number Minimum Maximum Mean jéa?;?;?] Variance | Coefficient of SKewness KUrtosis
statistics of samples (%) (%) (%) (%) (%?) variation (%)
Value 374 0.03 12.22 2.28 2.73 7.46 1.19 1.47 1.23
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Table 5. The results of exploration grid density calculated by analytical method in the Arregijeh area.

Parameter

Value

Deposit area (square meter)

335345.69

Number of exploration work (unit)

270

Density (square meter per unit)

1242.02
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Table 6. The results of exploration grid size calculated by analytical method in the Arregijeh area.
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Fig. 8. Final exploration grid designed by statistical method for the Arregijeh area.
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Table 7. Descriptive statistics of Pb-Zn assay data for the boreholes of the study area.

Statistical parameter Value
Number of samples 268
Minimum (%) 0.06
Maximum (%) 12.22
Mean (%) 251
Median (%) 1.25
Standard deviation (%) 2.74
Variance (%?) 7.52
Coefficient
of variation (%) 109
Skewness 1.39
Kurtosis 1.14
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(a) Histogram of (Pb+Zn)% in Arehgijeh Area (b)  Nomal Probability Plot of (Pb+Zn)% in Arehgijeh Area
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Fig. 9. (a) Histogram and (b) cumulative probability plot of Pb-Zn assay data in the Arregijeh area.

(a) Histogram of In(Pb+Zn)% in Arehgijeh Area (b) Normal Probability Plot of in(Pb+Zn)% in Arehgijeh Area
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Fig. 10. (a) Histogram and (b) cumulative probability plot of logarithmic Pb-Zn assay data in the Arregijeh area.
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(a) Variogram plot for azmuth=56 and dip=0 (b) Variogram plot for azimuth=145 and dip=20
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Fig. 11. Two directional variograms for Pb-Zn assay data directed at azimuth: (a) 55 degrees and (b) 145 degrees in the Arregijeh

area.
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Table 8. Characteristics of directional variograms of Pb-Zn assay data from the Arregijeh area.

Direction (degree) ( deleaglt%e) Model Nugget effect (%?) | Sill (%?) Range (meter)
45 0 Exponential 2.1 2.8 54.5
50 20 Exponential 0.9 2.2 54.65
55 0 Exponential 15 5 54.7
135 20 Exponential 2 7 55.5
145 20 Exponential 3.8 9 55.7
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Fig. 12. Final exploration grid designed by geostatistical method for the Arregijeh area.
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