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Abstract: In this research, the optimum block size determination method and its influence on reserve
estimation were investigated. For this purpose, the Kushk lead and zinc deposit data were used as case
study. The database was built using borehole data and the composite samples were prepared with a 2m
length. The data was transformed to Gaussian distribution by normal score transformation method.
Variography was used for identification of variability and continuity of the ore, and the best variogram
models and anisotropy ellipsoids were fitted. Due to ore complexity and density of boreholes in open
pit and undergrounds, indicator kriging method was used for orebody modeling and ore-waste boundary
determination. Considering different block size, the lead and zinc grade variability was modeled by
sequential Gaussian simulation method. In each block size simulation, 20 realizations were determined and
the variances between realizations were calculated. The lower variance is accordance with more similarity
of realizations which was selected as a criterion of optimum block size determination. With this method, the
optimum block size of Kushk deposit was determined as 10x10x7.5 m. The optimum block size is relatively
accordance with the anisotropy ratio at the deposit, therefore it was chosen as suitable block size for reserve
estimation of the deposit. By this optimum block size, and considering a 3% cut off grade for sum of lead
and zinc, the reserve of the deposit was calculated about 39.12 million tons.

Keywords: Block model, Block size, Guassian conditional simulation, Indicator kriging.

INTRODUCTION

An important part of mineral ore deposit modeling is block modeling, in which the mineral body is
subdivided into uniform blocks. The dimensions of the blocks and their shape have an undeniable impact
on engineering calculations and designs and guarantee the accuracy of the modeling [1]. Recently, some
researchers have done various studies on the optimum block size modeling in different ore deposits [2-5].
In this paper, the Gaussian conditional simulation method is used to select the optimal block dimensions
for Kushk Lead & Zinc Mine. Using the above method, based on a wide range of block models, optimal
block dimensions were determined and estimated for mineral reserve. All the estimations and simulations
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are made using a combination of Wingslib, Surpac and SGeMS softwares.

Kushk Lead & Zinc Mine is located 45 kilometers northeast of Bafgh, on the edge of Lut Desert and it
is structurally folded and faulted [6]. According to the National Geosciences Database, a definite reserve of
29.97 million tons with an average grade of 14% lead and zinc has been reported for this deposit previously.

METHODS

Statistical studies on the Kushk Lead & Zinc Mine data indicate that the data follows an abnormal
distribution. So at first stage, the data distribution should be transformed to standard Gaussian distribution.
A variogram is one of the important geostatistical tool used to describe spatial continuity, correlation
modeling, and analysis of spatial structure of data [7]. In order to determine anisotropy, three-dimensional
variogram modeling of lead and zinc composite data was performed in different directions and based on
the consistency of ranges and the variations of sills, the large, middle and small range variograms and
spatial angles of the modeled ellipsoids were determined for the dataset. Conditional Gaussian simulation
provides useful tool for determining optimal block dimensions in the reserve. SGeMS software was used
for simulation with a wide range of block dimensions to achieve optimum dimension. At this stage, Z
values from 2.5 to 20 m with 2.5 m intervals were considered to determine the optimal dimensions in the Z
direction, with X and Y parameters being constant. As a result, 64 models were created. In the simulation
process, 20 realizations were considered for each model. Then the optimal Z dimension was selected as
criterion to minimize the variance between the realizations in each block, which is similar to the most
realities. The Gaussian conditional simulation method is also used to find optimal dimension in X and Y
directions. The simulation is based on the data obtained from the variogram on the Pb and Zn aggregate
data. Based on Figurel , the optimal Z value for the Kushk block size is 7.5 meters.
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Figure 1. Trend of variances of realizations versus Z variations with constant values of X and Y for Kushk Lead &
Zinc deposit

With constant Z dimension, the values of X and Y were changed, and they varied from 2.5 to 20 m
with 2.5 m intervals for optimization. The results of this modeling were 64 models. As in the previous step
(selecting the optimal Z), the variance between twenty realizations in each block was calculated. Finally, all
the calculated variances were averaged and applied as the best criterion to determine the optimal X and Y
dimensions. According to Figure 2, the optimal dimensions of X and Y were obtained 10 meters.

Due to the complexity of the deposit, indicator kriging estimation method was used to model the orebody
figure and to determine the mineral boundaries. The method requires indicator variogram modeling to
determine the continuity of the orebody boundary. This was done on the basis of 2% grade for the sum
of lead and zinc. After the variography step, the estimation was performed by indicator kriging. After
determining the boundaries of the ore deposit, based on the optimum block dimensions obtained from the
conditional simulation, a block model of Kushk deposit was developed and the reserve was calculated by
ordinary kriging method. Due to dependency of the density to the lead and zinc grade, the specific gravity
was calculated based on the Formula 1 for each block.
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Figure 2. Trend of variance variations of realizations versus Y changes with constant values of X and Z for Kushk
Lead & Zinc deposit

SG = 0.0443(Pb + Zn) + 2.8143 (D

Using the specific gravity of each block and the grades calculated by ordinary kriging modeling, the ore
content was calculated based on various cut-offs. The results are presented in Figure 3 as grade-tonnage
curves.
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Figure 3. Grade-tonnage diagram for the Kushk deposit

Based on the relative errors of the estimation for each block, the reserve is divided into different
categories. The mean grade and tonnage of each class for the Kushk deposit is presented in Table 1.

Table 1. Characteristics of Different Reserve Categories of the Kushk deposit

Deposit Cut-off grade Error Class Tonnage (1\1;1;2}; f)r ?gf)
<20 A 30,600,000 11.217
Kushk 3% 20-30 B 4,600,000 6.269
30-60 Ci 3,800,000 5.803
Sum 39,000,000 10.01%
CONCLUSIONS

- In the Gaussian conditional simulation method, the optimal block dimension can be obtained with
the idea that the variance between realizations should be minimal, which shows the similarity of the
most realizations. The optimum block dimensions of this method were calculated for the Kushk mine
as 10x10x7.5 m. The dimensions obtained by the Gaussian conditional simulation method are in a good
agreement with the anisotropic ratios of the Kushk mine.
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- According to the optimal dimensions obtained from the Gaussian simulation method, the reserve
estimation was performed. According to the Pb+Zn cut off grade of 3%, the tonnage of Kushk deposit was
estimated as 39.12 million tons with an average grade of 10.01%.
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