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In the present study, we aimed to gain a comprehensive understanding of
the Eileh 1 iron ore deposit located in Taybad City, Razavi Khorasan
Province. A three-dimensional (3D) model was developed using specialized
software, which incorporated lithological logs from boreholes, cross-
sectional lithological profiles, and assay estimations covering the entire ore
deposit area. The dominant lithology of the region consists of altered
limestone and dolomite, as well as altered sediments, including sandstone,
siltstone, and shale. To estimate the reserves, we employed both the
classical inverse distance weighting (IDW) method and the geostatistical
kriging method, tailored to the specific conditions of the ore deposit.
Variogram analysis indicated that data values varied with distance and
direction, revealing geometric anisotropy within the deposit. The maximum
search radius in the direction of 0° azimuth was 42.6 meters, the average
search radius at 90° azimuth was 10.6 meters, and the minimum search
radius in the vertical direction (0° azimuth) was 32 meters .The dataset
included topographic information and data from 177 boreholes, totaling
6,936 meters deep. Following geometric modeling and constructing a block
model for the deposit, we estimated reserves for various iron-grade
thresholds and compared the results of both methods. The findings indicate
that the reserve estimates from the two methods were quite similar. While
the inverse distance weighting method is recognized as one of the most
accurate classical techniques for reserve estimation, the kriging method
demonstrated greater precision and reliability. This is attributed to Kriging’s
ability to account for the spatial structure of the deposit, its unbiased nature,
and its lower estimation variance. The findings indicate that the reserve
estimates from the two methods were quite similar. While the inverse
distance weighting method is recognized as one of the most accurate
classical techniques for reserve estimation, the kriging method
demonstrated greater precision and reliability. This is attributed to Kriging’s
ability to account for the spatial structure of the deposit, its unbiased nature,
and its lower estimation variance.
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EXTENDED ABSTRACT

Introduction

The evaluation of mineral reserves is conducted
using various methods, which differ in calculation
algorithms, accuracy, speed, the state of the mineral,
and the characteristics of exploration activities
(Madani, 1997; Ahmadi, 2010). All estimation
methods require exploratory data analysis, and
numerous statistical techniques can be employed to
analyze this data. However, due to the detrimental
effects of uncertainty on investment risk, it is
essential to utilize the most effective estimation
method grounded in precise data analysis techniques
to minimize estimation error. Mineral reserve
estimation methods can generally be categorized into
two groups: classical (geometric) methods and
geostatistical ~ (statistical ~weighting)  methods
(Madani, 1997; Hassani Pak and Sharafodin, 2001;
Ahmadi, 2010). Classical reserve estimation
methods rely on traditional statistics and geometric
calculations, while geostatistical methods, such as
those based on regional variables, are grounded in
spatial structure analysis and utilize the Kriging
method. Among classical estimation techniques, the
inverse distance weighting (IDW) method is
recognized for its accuracy. For this study, both the
ordinary Kriging method and the classical estimation
method, specifically inverse distance weighting,
were employed using two reserve estimation
software programs: Surpac and Rockwork. The
choice of methods is influenced by the state of the
mineral, the extent and nature of exploratory work,
and the available exploratory information, with
estimation parameters selected through appropriate
filtering techniques. In these methods, the deposit is
divided into blocks with a square base, and mineral
characteristics in each block are calculated based on
the data distance within and surrounding it. Blocks
must be designed to ensure that data is present within
them. The statistical weight of each data point is
considered in proportion to the inverse of its distance
from the center of the block; thus, data closer to the
center carry more statistical weight than those further
away. The power of the distance typically varies
from 1 to 3, with a common consideration of 2, which
is why the method is termed inverse distance
weighting.

The studied area is part of the Eileh 1 iron ore mine
complex, located 49 km southwest of Taibad city in

Razavi Khorasan province, covering an area of 240
hectares. The area is defined by longitudes ranging
from 60° 22’ 40" to 60° 31’ 24" and latitudes from
34° 36 40" to 34° 41 45" (Figure 1). In the study
area, a total of 177 exploratory boreholes were
conducted using various methods, including reverse
circulation (RC) (35 boreholes) and coring (12
boreholes), with an overall length of 6,936 meters.

Material and methods

The final step in the reserve evaluation process
involves estimating the grade throughout the entire
estimation space in three dimensions and calculating
the reserve amount. The principles underlying
reserve calculation methods are consistent; however,
the primary differences among various methods lie
in how the area is divided into segments and how
their thickness and average grade are calculated. A
comprehensive understanding of a deposit
necessitates a series of processing and modeling
operations (Hassani Pak, 2000). Due to the
complexities involved and the lengthy, time-
consuming calculations, this work is typically
performed using specialized software, which offers
greater accuracy, speed, and ease of use. Grade
estimation methods can be categorized into two
types: geometric and distance-based. Each of these
methods has its advantages and disadvantages, and
the selection of a suitable estimation method should
be based on the underlying assumptions. In
geometric methods, assumptions regarding the
spatial distribution of grade within the deposit are
taken into account; for instance, the variability of
grade or thickness may be assumed to be linear. The
software utilized in this research includes
Rockworks and Surpac, both of which are
comprehensive and powerful tools for imaging,
modeling, and analyzing geological information and
exploratory data, as well as for performing various
modeling tasks based on the type and amount of data
available. Additionally, the preparation of different
sections from the mineral material was conducted by
geologists and engineers. By employing these
software programs, and through the drawing of
boreholes, creation of cross-sectional profiles of
lithology and grade, and development of a three-
dimensional model of lithology, a thorough
understanding of both the surface and depth of the
deposit has been achieved. Furthermore, to calculate
the mineral material reserve, the average density of
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the mineral material was considered to be 3.8 g/cm3.
The data investigated for modeling and reserve
estimation are purely hypothetical and cover an area
of 2.4 square kilometers. The existing drilling
network in the region is based on local outcrops, with
varying distances and trends. These distances have
been minimized when addressing mineral matter and
conducting more detailed investigations. A total of
177 boreholes have been drilled, of which 164 have
encountered minerals, resulting in a cumulative
borehole length of 6,936 meters. Among all drilled
boreholes, the maximum depth is 96 meters,
attributed to reverse circulation (RC) boreholes No.
E1-RC-BH-9.2 and E1-RC-BH-27, while the
minimum depth is 9 meters, associated with Rasol
borehole No. E1-R-BH-57. The sampling intervals
for iron are set at 50 meters.

Discussion and conclusion

The process of reserve estimation and the preparation
of a block model for a mineral deposit involves
distinct steps that must be executed deliberately and
precisely. This approach ensures an accurate
assessment and a suitable model, utilizing default
values for reserve calculations within the software.
However, certain applications may yield suboptimal
results. Consequently, this research considers the
mineral’s shape as a series of correct hollow shells,
determining the maximum exploration radius, the
minimum and maximum number of points used in
block estimation, and the method of point
exploration through range division.

In this study, three-dimensional quantitative
modeling of mineralization (grading) and mineral
reserves of the Eileh 1 iron deposit was conducted,
utilizing data from well logs of exploratory boreholes
and the grading of their drilling cores to evaluate the
results. The estimation accuracy was assessed by
comparing the results of reserve estimation using two
classical methods: inverse distance weighting (IDW)
with Rockwork software and kriging geostatistics
with Surpac software. Figure 17 illustrates the grade-
tonnage curve of the Eileh 1 iron deposit derived
from these two methods. As anticipated, the figure
demonstrates that as the limit grade increases, the

deposit amount decreases while the average grade
rises.

The findings of this research in the field of grading
data modeling and reserve estimation for the Eileh 1
iron deposit, utilizing distance squared and kriging
methods in Surpac and Rock Works software for a
grade limit of 17% (as shown in Table 2), indicate
that the calculated reserve amounts derived from
different methods and software show no significant
differences overall. As illustrated in Figure 17, the
graph of the average grade calculated by both
methods and across the two software platforms
aligns closely, with variations in tonnage charts
primarily reflected in the slope of the graph line at
specific grades. Although the results from these two
methods are largely consistent, the inverse distance
weighting method is recognized as one of the most
accurate classical reserve estimation techniques.
While this method offers numerous advantages, such
as high accuracy due to the blocking of the deposit,
it does have a drawback: in the case of low-grade
deposits, the mixing of ore and tailings within the
blocks tends to be high, leading to reserves being
estimated slightly above their actual value.
Conversely, the geostatistical method of kriging,
which considers the spatial structure of the region, is
more precise and boasts a higher degree of reliability
due to its unbiased nature and minimal estimation

variance. Vairographic studies, conducted by
plotting longitudinal variograms in  various
directions, revealed that the deposit exhibits

geometric anisotropy, with the highest elongation
observed along the X-axis and the lowest along the
Y-axis (Figures 9c and 10).

Based on the results obtained from the modeling of
the Eileh 1 deposit and the available information
regarding areas that were inaccessible during the
initial excavation but will be accessible in the future,
it is recommended to drill new boreholes in a regular
grid pattern. This approach will facilitate a more
accurate determination of the mine reserves. The
design and implementation of this drilling strategy
should be carefully planned to optimize resource
assessment.
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Fig. 13. 3-Dimensional view of Ore block model of Eileh 1 mine
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Table 1. Defined range for the block model of Eileh 1 mine
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Table 2. The Value of volume and reserve of ore mineral of Eileh 1 iron deposit

Average grade

Weight of mineral deposit (T)

Selected Software  Cut off grade (%) o Volume
(%) Measured reserve
Inverse Distance 17 47 5,829,500 22,148,000
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