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Abstract: As the best linear estimator, Kriging is now a well-established method in all types of 2D and
3D modeling, including geochemical mapping, rock types modeling, geophysical mapping, and resource
estimation. In general, a multi-stage approach can be used for evaluating kriging parameters. The first
step in the assessment of mineral resources using linear geostatistics is to remove outlier data and to find
the best de-cluster size. After this stage, variogram models in the area under study must be provided by a
spherical model. In this context, investigating kriging performance has always been of interest to numerous
researchers. Evaluating kriging implementation for different applications has been a growing field of
study in the last few decades. Although many authors have discussed various kriging parameters, it seems
necessary to conduct more detailed reviews on range searching, high and low nugget effect, as well as
2D and 3D estimations. In this paper, an optimal search range was determined using quantitative kriging
neighborhood analysis (QKNA), and the utility of this search range was explored by assessing kriging
efficiency. To this end, the borehole dataset of the Gol-E-Gohar No.1 mine was used. In total, 2579 samples
(of length 3 m) make up the database for this study. In this research, the dataset was divided into two zones
based on their associated geological domains. Based on the aforementioned parameters, 180 estimation
strategies were generated for each rock type. The results indicate that the optimal search ranges of zone 1
are 688, 226, and 152, and the optimal search ranges of zone 2 are 482, 233, and 303.

Keywords: Kriging, Data preprocessing, Variogram, Optimal search range, Quantitative kriging
Neighborhood analysis.

INTRODUCTION

The geostatistical estimation process can be used to estimate the value of points at each target grid
node. Among those methods, kriging, as a linear estimator, is popular in different mining operations. The
equation 1 represents the kriging method [1]:
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n
Zi=) uzy, O
i=1

Where denotes the weight of th point, and represents the grade sample of th point for block. Kriging
is an estimator that yields the best linear unbiased estimate (BLUE) of point values [1], but this is only
valid provided that its search neighborhood is defined correctly [2]. Kriging neighborhood parameters are
vital in the process of estimation. These parameters, including min/max number of neighborhood data, use
of octant or quadrant search, and maximum search ranges in two or three dimensions, are consequential
inasmuch as they directly affect kriging weights. Many research papers in the estimation process have
considered the mean weight, the slope of the linear regression, negative weight, kriging variance, and
kriging efficiency tools [3-10].

In this study, different search ranges for the Gol-E-Gohar No.1 iron deposit are evaluated using QKNA.
Range searching is just one of the parameters discussed in this work. Min/max of data, using octane search,
and max data from a single borehole are other parameters that are optimized here. The search range with
the best QKNA criteria will be introduced as the optimal search range.

METHODS

It has been established that OK is an estimator that canminimize conditional bias. A perfect estimator
Z* (estimated values) equals Z (true values), but this does not happen in reality, and some fluctuations will
always occur. Even if the regression of Z* on Z remains linear with a slope of 1.0, the result is conditionally
unbiased, and the obtained estimation could be acceptable. Armstrong (1998) defines the slope (P) of linear
regression thus [1] (Equation 2):

Cov(Z,,Z,
_ CovlZu2;) o
Var(Z;)
When using simple kriging (SK), the sum of weights is not constrained to add to one. Hence, the
remaining weight is allocated to the mean, which is assumed to be known. In SK, MW formula is as follows
[1,11] (Equation 3):

N
I =1- ) & 3)
i=1

In which }'A** is the sum of SK weights, and 4_is WM.

Kriging is an estimator with minimum variance. Specifically, simple global kriging is known to have
minimal estimation variance. The kriging variance (K'V) provides a measure of the error associated with the
kriging estimator; consequently, it can be a criterion to evaluate the quality of data density and geometry.
KV formula is as follows [1] (Equation 4):

N
var(Zy) = Z
i=1

In which C(xi,xi.) is the value of the covariance function between sample locations x,, X, and 4, and /1/.
represents the weight assigned to these samples. ' '
The kriging efficiency (KE ) is calculated by the equation 5 [12]:

N
ALAJC(JC“ x]) (4)
=1

J

C(V,V) — a?

KEpk (%) = C_'(V %

)

In which C(¥,¥) is the average covariance of points within the blocks, and ] shows the kriging variance.
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FINDINGS AND ARGUMENT

Through de-clustering, the dataset was placed on a regular grid. De-clustering techniques assign a
weight to each data based on the closeness to the surrounding data w, i = 1,...,n. In order to find the best
cluster size, data are de-clustered in several sizes, and finally, the best size is selected. De-clustered means
are plotted in Figure 1, the cell size with minimum de-clustered mean is the best size for de-clustering.

Mean

Zone 1

&

Cell Size

Mean

Zone 2

614

65 &8 0s 125

Cell Size

Figure 1. Plot of declustered mean versus cell size in the Zone 1 and Zone 2

The results of QKNA analysis are illustrated in Figure 2. The results of QKNA analysis demonstrated
that the optimal strategies determined through QKNA criteria are strategies 7 and 16 for zone 1 and 2,

respectively.
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Figure 2. Sensitivity of QKNA parameter to different strategic
CONCLUSIONS

1Y

This paper investigated the determination of the kriging search range. It was discovered that selecting
the search range through a variogram range is not always the best choice, for it may cause conditional bias.
Biasedness of results, especially in the final estimation, is not acceptable, and many strategies should be utilized
during the estimation process to eliminate or at least reduce it. On the other hand, as an essential parameter
for estimation quality, kriging efficiency is directly related to the search range and the number of data used.
Using a restricted neighborhood could not satisfy conditional unbiasedness and afford high-quality estimation.
While large search ranges are not always the solution for low quality and biased results, establishing search
ranges for different estimation applications is influenced by both QKNA criteria and kriging efficiency.
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