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Abstract

This research deals with the spatial simulation of rock types and the assessing the uncertainty in the
domain boundaries in Golgohar Sirjan iron deposit. Based on truncated Gaussian simulation, a simulation
approach is proposed to this end, in which the geological units are reproduced by examining the nature of
geological boundaries and vertical and horizontal instability. For this purpose, at first, contact analysis is
used to investigate the transition in the grade distribution when crossing a rock type boundary. In the next
step, the drill holes data are divided into two domains according to the contact analysis results. The first
domain includes top magnetite and oxide zone, and the second domain includes bottom magnetite. Next, the
local probabilities model is reproduced based on the vertical proportion matrix (VPM). Finally, different
stochastic realizations of rock type units are reproduced by using the improved truncated Gaussian
simulation algorithm. In this proposed algorithm, soft (probabilities) and hard data played an equal role in
the simulation process. The results show the capability of the proposed algorithm to reproduce the single-
point statistics, two-point statistics, and the connectivity values obtained by the hard data and extractive
block model.
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\- Introduction

In recent years, in order to estimate the mineral resources, spatial modelling of geological
variables, such as rock types, has been considered as a critical and important factor in downstream
processes. Based on this, spatial modelling of mineral deposits can be implemented with one of the
following two approaches:

e Joint Simulation: in this method, first, a joint model will be created based on the spatial
structures between the discrete and continuous data. In the second step, the spatial models of ore
grade and rock types will be reproduced by defining a threshold value.

e Cascade Simulation: In this method, the spatial model of the rock types will be produced. After
the first step, the spatial distribution of the considered ore grade will be simulated separately in
each rock type.

The choice of the appropriate approach depends on the behavior of continuous variables across
the boundaries between two adjacent rock types. In general, based on the changes in the distribution
of mineralization elements, the boundaries between rock types can be either soft or hard. It should
be noted that the joint simulation approach may reproduce realizations of ore grades that exhibit a
gradual transition between two simulation geo-domains, commonly referred to as a soft boundary.
Also, the cascade simulation approach can be used in cases where there is a sudden shift in the ore
grades when transitioning from one simulation rock type to an adjacent one. This scenario is known
as a hard boundary.

In this research paper, we present an application of truncated gaussian simulation (TGS) to the
spatial simulation of rock types and the assessing the uncertainty in the domain boundaries at the
Golgohar Sirjan iron deposit. To this end, in the first stage, contact analysis tools will be used to
identify the nature of the geological boundaries related to the continuous variables studied. In next
step, based on the changes in the proportions of geological domains, a three-dimensional matrix of
the facies proportion will be produced in the vertical and horizontal directions. Finally, the TGS
method was used for reproducing the geological boundaries.

Y- Methods

Truncated Gaussian simulation(TGS) approach reproduces different realizations of a Gaussian
variable at all data locations within the study area and then applies a flag for transformation of the
simulated Gaussian values into the related geological areas. The main stages in a TGS approach are
as follow:

e Stage V. Calculation of threshold values that truncate the defined gaussian random field into sub-
domains which are represented the existing geological domains in the study area.

e Stage Y. Modeling of the variogram of truncated gaussian field that should reproduce the spatial
distribution between the drill holes data.

e Stage Y. Transformation of the discrete data to Gaussian values by using the Gibbs sampler
method.

e Stage ¢. Simulation of Gaussian values at the grid nodes. It should be noted that the sequential
Gaussian or the turning band simulation method can be performed on the Gaussian variable for
this stage.

e Stage °©. Back-transformation of simulated gaussian values to real space data by using the
defined threshold values.

v - Findings and Argument

In this study, a dataset containing ¢+AY samples collected from @< drill holes was used (Figure
V). The cross-to direct variogram ratio is used to determine the behavior of the iron grade across the
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boundaries between rock types. These results show that, on the one hand, the boundary between
oxide zone and top magnetite is soft, and on the other hand, the boundary between these zones and
bottom magnetite is hard. Therefore, in this paper, the former two rock types (oxide and top
magnetite) are considered as one zone (the first domain) and bottom magnetite as the second
domain. Based on the local proportion of the first domain (+,YVA), the threshold value to truncate
the defined gaussian random field was calculated (-+,YYY).
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Figure Y. YD view of the Sirjan Golgohar mine, spatial distribution of the iron grade.

In order to consider the non-stationary in the vertical and horizontal directions, the three-
dimensional vertical proportion matrix of the geological domains was used (Figure Y).
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Figure Y. The local probabilities model of domain Y calculated by using VPM.

After this step, the indicator variogram models of truncated gaussian field are fitted in major,
minor and vertical directions. Finally, different realizations of defined geological domains were
reproduced based on the improved algorithm. Figure Y shows a realization obtained from the VPM-
TGS algorithm.

f- Conclusions

In this research work, based on the distribution of iron deposit in different geological domains,
an improved simulation algorithm is presented for modelling the stochastic realizations of the rock
types. For this purpose, drill holes were divided into two geological domains by using the cross-to-
direct variogram ratio. Then, the VPM-TGS algorithm is used to reproduce these two geological
domains.
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Figure ¥. Perspective view of one random conditional realization of rock types.
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* Cross-to-direct Variogram Ratios

¥ Stochastic models

* Deterministic Models

* Truncated Gaussian Simulation (TGS)
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