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Abstract: Geostatistical modeling, in recent years, has been widely and increasingly used in analyzing
underground structures. Using the combination of uncertainty reduction techniques and modeling processes
could increase the identification accuracy of underground structure models. In this study, Indicator Kriging
(IK) method is employed to model four geological units comprising leached, oxidized, supergene and
hypogene zones. The aforementioned units are all located within Miduk Copper Deposit. To evaluate the
uncertainty index based on the modelled geological structure, Bernoulli variance is employed. In order to
reduce the uncertainty amount of the executed geological model, post-processing procedure is performed
using resampling of the interpolated model. This procedure is reiterated as many times as possible until a
geological model with an acceptable uncertainty amount is acquired. At the final step, blast holes data is
used in order for the validation of the results. The yielded results indicate that the amount of uncertainty
dropped from 5.87% to 2.98% after implementing the post-processing procedure.

Keywords: Indicator Kriging, Uncertainty, Post-processing, Miduk Copper Deposit.

INTRODUCTION

Nowadays three-dimensional geological models are utilized increasingly, enabling us to gain a widened
understanding of the geological structures and helping us make better management decisions, the importance
of which is by no means negligible [1,2]. Due to the limited number of boreholes and the lack of sufficient
information, three-dimensional models are made with uncertainty [3-5]. Geostatistical methods are able to
model geological units and their related uncertainties. Many different methods Such as information entropy
[5,6], distance function [7] and interpolation variance [8] based on the results of geostatistical simulation
and indicator Kriging have been proposed to measure uncertainties. In this paper, Bernoulli variance has
been used to reduce the uncertainty [9].

For this purpose, in the first stage, the geological units of Miduk copper deposit were modeled using
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indicator kriging and then the uncertainty was calculated according to Bernoulli variance. In the second
stage, the post-processing was performed using a comprehensive sampling of the estimated model, and the
kriging process was performed again according to the new samples. The post-processing was repeated until
an acceptable final model was achieve.

METHODS

Indicator kriging was first proposed by Journel 1995 and is a common approach for estimating a
probability at an unsampled location x, as follows [10]:

i (207 K) = ) Aqi(ai K) n
a=1

where n reperesents number of samples and /, indicator kriging wieght of o sample. Because we have
K types, the weights {1,-a=1, n} are calculated k times based on k variogram models.

Uncertainty of geological model
The uncertainty that is associated with the estimated proportion 1 is given by the Bernoulli variance as
follows [8]:

S% (x5 k) = i1k (x0; k) (1 — i1 (x0; K)) 2)

The expression 2 gives the uncertainty associated with the k” estimated proportion ijx (xg; k). Since we
have K types, the total variance at an unsampled location x;, can be computed by coefficient of unalike
ability [9]:

K
(o) = ) 87 (x5 K) 3)
k

The most likely type is associated with the maximum proportion I"(x sk, ) [9,11]:

max

I"(x0; kmax) = max(I*(xg; k), k=1, ...,K) 4)
The uncertainty for the most likely types is [9]:

Sg (xO; kmax) = I*(xO; kmax)(]- - I*(xO; kmax)) (%)

After calculating the variance associated with the probabilistic type, we can use the acquired variance to
map a zone of uncertainty between the interpolated classes of a categorical variable. One of the suggestions
for uncertainty zone delineation is to define a reference value (a limit value for Bernoulli variance) [8].

Post-processing

After selecting the reference value and determining the uncertainty zone and in order to reduce the
uncertainty, it is suggested to perform resampling of the estimated model and use new samples to reprocess
the blocks with high uncertainty [9].

RESULTS AND DISCUSSIONS

Four geological units leached, oxide, supergene and hypogene zones have been investigated in Miduk
copper deposit, Iran. Based on the indicator kriging, the probability of occurrence of each zone in the three-
dimensional block model was estimated and based on expression (4), the most probable type in each block
and its corresponding probability were calculated. Then, based on the expression (5), the uncertainty for the
most likely type was calculated. Subsequently, in order to reduce the uncertainty, it is suggested to conduct
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resampling of the estimated model. After the completion of the sampling of the estimated model, Kriging
estimation was performed again on the interpolated model.

Table 1. The ratio of different zones in the resulting block model

ZONE Before post processing After post-processing
% NUM % NUM
Leach 0.64 1234 0.8 1552
Oxide 0.04 83 0.052 100
supergene 11.36 21991 13.29 25724
hypogene 81.97 158661 82.98 160616
Uncertainty 5.98 11581 2.87 5558
Total 100 193550 100 193550
CONCLUSIONS

By performing post-processing on the obtained block model for reducing the uncertainty, it can be said
that post-processing procedures decreases the percentage error of geological model. Finally, the percentage
of uncertain blocks represents the percentage error between the proportions of the sample data and those of
the post-processed geological model.
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