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ARTICLEINFO ABSTRACT

Mineral resource estimation is the process of determining the volume and
grade of mineral deposits based on exploration data (SNI 4726:2011). Its
objective is to provide a quantitative assessment of the economic potential of
mineral deposits. This process involves geological, statistical, and
geostatistical principles, while considering data quality, distribution, and
deposit characteristics. Geostatistical methods, such as Ordinary Kriging
(OK), Indicator Kriging (IK), and Inverse Distance Weighting (IDW), are
widely used in resource estimation due to their ability to integrate spatial
relationships between data, making them superior to conventional methods.
Each method has specific characteristics that make it suitable for certain
conditions. OK is well-suited for data with homogeneous distribution, such
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Estimation

as nickel, as it can produce accurate estimates with low RMSE. IK is often
applied to gold deposits with fluctuating grades and complex spatial
relationships. IDW, though simpler, is effective for minerals with
homogeneous distributions, such as nickel and iron ore. Previous studies
emphasize that the choice of method should consider parameters such as data
distribution, type of mineralization, and regional geology. By analyzing the
characteristics of these methods, this study evaluates the suitability of OK, IK,
and IDW based on the type of mineral and data distribution. This approach
aims to support more optimal exploration and management of mineral
resources.

INTRODUCTION

Mineral resource estimation is the process of determining the volume and grade of a mineral deposit
based on acquired exploration data (SNI 4726:2011). This estimation aims to provide a quantitative
overview of the economic potential of a mineral deposit. The process is conducted by adhering to
geological, statistical, and geostatistical principles while considering data quality, distribution, and deposit
characteristics. The primary classifications emphasized are measured, indicated, and inferred resources, as
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outlined in the SNI 4726:2011 standard. Resource estimation using geostatistical methods plays a critical

role in determining resource quantities. Geostatistical estimation methods are considered superior to
conventional approaches because they incorporate spatial relationships between data points. This spatial
analysis enhances the accuracy and reliability of resource estimation, making it an essential tool in mineral
resource evaluation.

Geostatistics is a field of study that examines spatial distributions, which is highly beneficial for mining
engineers and geologists. It is particularly useful in analyzing mineral grades, thickness, accumulation, and
practical applications related to challenges in ore deposit evaluation (Matheron 1963). Various methods can
be employed to predict the distribution and volume of minerals, such as Ordinary Kriging (OK), Indicator
Kriging (IK), and Inverse Distance Weighting (IDW). Each method has unique characteristics that make it
more suitable for specific situations, depending on the data characteristics, estimation objectives, and the
mineral distribution being evaluated. Although these three methods are widely used, this research focuses
on determining which geostatistical method is most appropriate for specific minerals. The objective is to
evaluate the suitability of OK, IK, and IDW methods for particular mineral types based on existing
literature and to analyze their applicability in various geological scenarios and data distributions. This
study aims to contribute to the development of more optimal resource estimation approaches, particularly
in supporting the exploration and management of mineral resources.

METHODOLOGY

The steps undertaken by the author are illustrated in the flowchart shown in Figure 1. This research is
based on a literature review encompassing both national and international journals. The study aims to
identify the most suitable method for resource estimation using geostatistical approaches, as outlined in
the stages depicted in Figure 1.

Literature Review

v

Identification of Estimation Methods

v

Geostatistical Resource Estimation Methods

v

Conclusion on Suitable Geostatistical Methods for Specific
Mineral Types

Figure 1. Research Flowchart

The initial stage of this research begins with data collection related to geostatistical estimation studies
and various estimation methods used. The next stage involves identifying the characteristics of estimation
methods in relation to the minerals being estimated. This analysis includes several parameters such as the
type of mineralization, spatial variability of data, geology of the minerals (mineralization), and data
distribution. The final stage draws conclusions through an analysis of which methods are suitable or closely
aligned with the requirements for specific types of minerals, as not all methods are applicable to every
mineral. The results of this analysis can serve as recommendations for selecting and determining the
appropriate geostatistical method to be used. Previous studies on the use of geostatistical methods are
presented in Table 1.
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Table 1. Previous Studies on the Use of Geostatistical Methods for Resource Estimation in Minerals

Researcher Year Research Findings

Amadua, et. al. 2022  Inverse Distance Weighting is more suitable than Ordinary
Kriging in all ore zones.

Bargawa & Amri 2021 IDW performs better than OK overall; however, in the limonite
zone, the Ordinary Kriging (OK) method demonstrates better
performance compared to IDW for both Ni variables and
thickness.

Carvalho, D, et. al. 2017  The Indicator Kriging method can be used for complex
mineralization, such as gold deposits.

Conoras, et. al. 2021 Based on the correlation coefficient (R) values, the Ordinary
Kriging (OK) method is more recommended than Inverse
Distance Weighting (IDW) for resource estimation.

Kurniawan, A, R., dan 2019  Based on the analysis of values r and RMSE, the Indicator Kriging
Amri method is more accurate than Ordinary Kriging for estimating
epithermal gold deposits.

Arief Pambudi Nugraha, 2020 Isotropic orientation performs better than anisotropic orientation,

et. al. as observed from the lower error (RMSE). Furthermore, the
results of the Co-Kriging method (IK) are superior compared to

those of Kriging.
Hendro Purnomo 2021  The estimation of iron (Fe) content using the Ordinary Kriging

method is underestimated, while the Indicator Kriging method
tends to overestimate. The Ordinary Kriging method is
considered more suitable for this analysis.

Hassan Riyadi 2023  The results of the Ordinary Kriging estimation are considered
sufficiently accurate and satisfactory.

M Rizky 2022  The analysis results indicate that the IDW method provides
estimates that are closer to the composite values compared to the
Ordinary Kriging (OK) method.

Alan Budiman Thamsi, 2023  The IDW method is suitable for use in nickel resource estimation.
et. al.
Zhexenbayeva, A., et. al. 2024  Multi-point geostatistics (IK) demonstrates superior results in

geological modeling of vein-type gold deposits.

Bargawa, W. S 2009  The Indicator Kriging (IK) method is suitable for application in
precious metal deposits, such as gold ore, which exhibit
asymmetric grade distributions.

Safrudin, R., & Conoras, = 2021 The Ordinary Kriging method provides better results, as
W. A. indicated by the correlation coefficient (R) value approaching 1.

The IDW method assigns higher weights to data that is closer, resulting in more variable estimates. In
contrast, the OK method tends to produce more homogeneous values because it emphasizes spatial
uniformity through variogram structures. The conclusion of this study indicates that although the OK
method offers stability and smoothness in its results, the IDW method can provide insights into the choice
of estimation methods depending on the specific data conditions. The choice of method depends on the
objectives of the estimation and the nature of the analyzed data. The interpretation of IDW is commonly
used in resource estimation, particularly in mining. The magnitude of an estimate is significantly
influenced by distance and weights, which change based on the distance between the estimation point and
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the target point (Rafsanjani et al., 2016). This method is based on the principle that closer values have a
greater influence compared to those farther away. It is suitable for data with homogeneous distribution
and areas with limited spatial information. However, it is less effective for complex or heterogeneous data.
Ordinary Kriging is a method that assumes the mean of an unknown population, and the spatial data does
not contain any trend. In addition to the absence of trends, the data used must also be free of outliers.
Ordinary Kriging is one of the methods included under the Kriging methods commonly used in
geostatistics. This method has an assumption for its practical application, which is the intrinsic stationarity
of the spatial field and the availability of sufficient observations for estimation (Puspita, 2013). Indicator
Kriging (IK) is a non-parametric geostatistical method used to estimate probability values based on specific
threshold values (Antunes and Albuquerque, 2013; Goovaerts, 1997). The Indicator Kriging (IK) technique
was first introduced by Journel (1983). This technique is used when the spatial correlation of variance
parameters is very difficult to model or when ordinary kriging does not provide accurate estimates for
areas with high-grade concentrations mixed with waste (Sullivan, 1984). Indicator Kriging can be used in
cases where ordinary kriging fails to provide precise estimations, particularly in situations involving high-
grade mineral concentrations mixed with waste materials.

RESULT

From previous studies, all methods can be used for mineral resource estimation; however, several
parameters must be considered, such as data distribution, type of mineralization, regional geology, and the
characteristics of the mineral. According to research by Hendro and Purnomo (2021), the Ordinary Kriging
(OK) method can be applied to nickel estimation because its data distribution tends to be uniform and has
a good RMSE value. Indicator Kriging (IK) and Ordinary Kriging (OK) are suitable for gold deposits
because they exhibit asymmetric grade distributions (Bargawa, 2009). These methods are effective in
handling complex spatial relationships within data. On the other hand, the Inverse Distance Weighting
(IDW) method is more suitable for estimating nickel and iron ore types.

Table 2. Comparison of Methods in Estimating Mineral Resources
Type of Mineral

Research -
Gold Nickel Iron Ore  Galena placer

Amadua, et. al. IDW
Bargawa et. al. IDW
Carvalho, D., et. al. IK
Conoras, et. al. OK
Kurniawan, A, R, et. al. IK
Arief Pambudi Nugraha,

et. al.

Hendro Purnomo OK
Hassan Riyadi OK
M Rizky IDW

Alan Budiman Thamsi, et.

IDW
al.

Zhexenbayeva, A, et. al. IK
Bargawa, W. S IK
Safrudin, R., OK
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CONCLUSION

Based on the analysis, it can be concluded that the geostatistical methods OK (Ordinary Kriging) and IK
(Indicator Kriging) are suitable for use with gold minerals due to their advantages in handling data with
fluctuating grade distributions and complex spatial relationships. Meanwhile, the IDW (Inverse Distance
Weighting) method is suitable for nickel minerals because it is sufficient for minerals with homogeneous
and stable grade distributions.
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