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ABSTRACT 

Manual ore body modeling on Remaja Sector, Kalan, West Kalimantan generally takes a long time and is 

subjective. On the other hand, automatic modeling (implicit modeling) is faster, objective, and equipped with 

uncertainty factors. This study aimed to analyze the comparison between the geostatistical Sequential Indicator 

Simulation (SIS) ore body model to the manual ore body model. The lithology database was used as input for 

variogram analysis and SIS simulation. The directional variogram was used to construct an experimental 

variogram for the lithology with orientation data. The orientation of the lithologies corresponds to the anisotropy 

of their variogram map. The SIS was carried out in  Block A and Block B with block sizes of 6×6×6 m3 and 

5×5×5 m3 respectively. The simulation results were processed to produce a lithology probability model. By using 

maximum probability as block lithology, simulation results were well validated by the composite database 

histogram, the lithologies along the tunnel on the geological map of level 450 masl of Eko Remaja Tunnel., and 

the lithologies along boreholes. The weakness of the geostatistical ore body model was the results depending on 

the input parameters. Meanwhile, several advantages of the geostatistical ore body model were a faster processing 

process, equipped with an uncertainty factor, and the block size of the model has taken into account the distance 

between grade data so that it can be used directly for grade estimation. Quantitatively, the geostatistical ore body 

model had a higher average percentage of conformity to the lithology of the mineralized zone along the borehole 

than the manual ore body model.  
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INTRODUCTION 

Kalan, located in the northern area of the 

Schwaner Mountains at Melawi Regency 

(Figure 1), West Kalimantan is a target area 

for Indonesia’s uranium exploration project 

since 1969 with uranium resources [1]–[4]. 

As the nuclear power plant became one of the 

research topics in the 2020-2024 national 

priority research document, uranium supply 

for nuclear fuel raw material became one of 

the critical derivative topics for research. 

Remaja Sector which has the most data 

among other uranium sectors in Kalan is 

considered important for resources re-

evaluation with the current method and 

economical background after a feasibility 

study in 1991 stated that it was not feasible.  
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However, there are still some problems in 

the evaluation. The ore body modeling in the 

Remaja Sector was done manually vein-per-

vein like other resource evaluations in Kalan 

[5]–[7]. The manual modeling took so much 

time due to the complex geological situation 

of the sector. The model also contained 

subjectivity. Such problems are said to cause 

risk for further mining processes [8]. Another 

problem is the irregular data spacing between 

drill holes and different data intervals 

between lithological data and the equivalent 

grades.  

Because of that problems, the manual 

model needs to be compared with another 

faster, more objective, and equipped with an 

uncertainty modeling method. It is also 

necessary to determine the suitable ore body 

block size parameter so that the resource 

model can be developed. This study aimed to 

analyze the comparison between the ore body 

model using the geostatistical Sequential 

Indicator Simulation (SIS) method to the 

manual ore body model.  

 
Figure 1. Regional geological map of Remaja Sector (modified from [5], [31]).
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THEORY  

Geostatistics is a part of statistics that 

integrates spatial continuity to model a 

regional variable, a function that describes the 

value in space [9], [10]. To measure spatial 

continuity, a semivariogram or variogram is 

used in geostatistics [9], [10] as described 

below: 

𝛾(ℎ) =
1

2𝑁(ℎ)
∑ [(𝑧(𝑥𝑖) − 𝑧(𝑥𝑖+ℎ)]

2𝑁
𝑖=1  (1)  

where γ(h) is the semivariogram or 

variogram, N(h) is the number of data pairs 

that are separated by vector h, z(xi) is the 

sample value of point i, dan z(xi+h) is the 

sample value of a point separated by vector h 

from point i. Variogram fitting based on the 

theoretical model is substantial to obtain the 

variogram model required for geostatistical 

estimation or simulation. 

Indicator Kriging (IK) and Sequential 

Indicator Simulation (SIS) are the two types 

of indicator-based geostatistical methods that 

are most often used in geological modeling 

[11], [12]. The indicator-based geostatistical 

method means that the data used for the 

algorithm need to be converted to the binary 

format of 1 and 0. The IK method estimated a 

probability to obtain a minimum error, while 

SIS generates a series of values that has 

histogram and variance properties close to the 

input data [11], [13]–[15]. The SIS method in 

geological modeling is considered to improve 

domain definition and quantify uncertainty 

[14], [16]. The SIS method depends on IK to 

yield a probability density function (PDF) of 

categorical variables. With Monte Carlo 

simulation, the method simulated non-

parametric distribution combined with the 

sequential indicator formalism [13], [15], 

[17], [18]. The method produces a series of 

alternative values, called realization, which 

shows the probability distribution of the same 

indicator variable. The realization may be 

close in value but not identical to each other 

[11], [19], [20]. From all the values of 

realization on each block, an uncertainty 

value of each lithology on the respective 

block can be determined. The uncertainty 

yielded from the simulation can be treated as 

block domain weight in resource modeling. In 

some geological modeling research, SIS was 

preferred over IK as it visualized the model 

closer to actual circumstances [21], [22]. 

Many other research using SIS manifested 

satisfactory models [13], [15], [16], [23], 

[24]. 

 

GEOLOGY OF STUDY SITE 

The Remaja Sector is located in the 

southwestern part of the Kalan Basin. The 

area of this sector includes Bukit Eko in the 

upper reaches of the Kalan River. The basin 

itself is part of northern Schwaner Mountain 

[25], [26]). It consists of a series of 

metamorphic rocks belonging to Pinoh 

Metamorphic that intruded by younger 

granitoid of Sepauk Tonalite and Sukadana 

Granit [25]–[27]. The regional geological 

map of the Remaja Sector is depicted in 

Figure 1. The lithology of the Remaja Sector 

includes metasiltstone, schistose metapelite, 

'Jeronang' andalusite metapelite, and 

metaampelite. In general, the strike and dip of 

the lithology (S0) are N50−90ºE/50º. The 

schistosity plane (S1) of schistose metapelite 

lithology lies N230ºE/70−80º [28]. The host 

rock of uranium mineralization is schistose 

metapelite and metasiltstone which 

stratigraphically lies between the uranium-

sterile ‘Jeronang’ metapelite layers. Between 

1982 and 1991, there was a trial underground 

mining project on Eko Hill of Remaja Sector 

after detailed exploration. The project 
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revealed more detail about the uranium 

mineralization and geology of the sector on 

the mining tunnel called the Eko-Remaja 

Tunnel. The geological map of level 450 masl 

of the tunnel is displayed in Figure 2.  

 
Figure 2. The geological map of the Eko-Remaja 

Tunnel at level 450 masl (modified from [31]). 

 

The fracture group trending west–east 

facing north with a dip of 50 – 80, which is 

relatively parallel to the schistosity plane, is 

filled with uranium mineralization [29], [30]. 

It took place on tourmaline–purple quartz 

vein. 

In detail, mineralized veins in this 

location can be divided into three types. From 

old to young, respectively, there are 

tourmaline breccia veins, tourmaline feldspar 

veins, and quartz-feldspar veins [28]. The 

first two types of veins are similar in 

composition and contain high levels of 

uranium. Meanwhile, quartz-feldspar veins 

contain low levels of uranium and are 

scattered near the sterile zone. 

Microthermometric studies show that the 

temperature for the formation of breccias and 

tourmaline veins is between 260–325º C, 

while quartz-feldspar veins are at 285º C. 

Chronologically, the mineralized veins in the 

tunnel were then cut by gypsum-calcite veins. 

This group of veins is formed at a lower 

temperature of 145º–195º C [28], [32]. 

Uranium minerals found in veins are 

uraninite, brannerite, davidite, and gummite 

[1], [3]. These uranium minerals are 

associated with pyrite, pyrrhotite, 

chalcopyrite, cobaltite, lollingite, pentlandite, 

sphalerite, molybdenite, ilmenite, magnetite, 

and chlorite. The appearance of 

mineralization can be seen in Figure 2. Age 

dating using U and Pb isotopes that have been 

carried out on uraninite from the Eko-Remaja 

Tunnel results in a formation period of 131–

160 million years ago [33]. This is 

appropriate to the period of Southwest 

Borneo (SWB) accretion in Sundaland that 

forms the Pinoh Metamorphic Rock in recent 

studies [25], [26]. This also reinforces the 

concept of stratigraphic mineralization which 

emphasizes lithological control of 

mineralization in the Remaja Sector [3]. 

 
Figure 2. Uranium mineralization in tectonic breccia 

(thick arrow) and tourmaline veins (thin arrows) [30]. 

 

DATA AND METHOD 

The research flowchart, as can be seen in 

Figure 3 summarized the method that has 

been used in this research. There were 309 

borehole data in the Remaja Sector that were 

suitable for geostatistical analysis. These data 

are divided into two Block Areas, they are 

Block A and Block B. The data separation 

was done also for the sake of geostatistical 

suitability due to the quite far distance 
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between the two blocks area, as depicted in 

Figure 4. The Binary lithology database was 

constructed with six categorical variables 

with numerical code: metasiltstone or ML (0), 

schistose metapelite or MPS (1), ‘Jeronang’ 

metapelite or MPJ (2), metaampelite (3), 

microdiorite or MD (4), and mineralization 

zone or ZM (5). At each data point, an array 

of binary of 0 or 1 is assigned to the variables 

where 1 is only assigned for the 

corresponding lithology of the data point. The 

statistical parameter, frequency, and global 

proportion of each category in Block A and 

Block B are displayed in Table 1. 

 

 

 

 
Figure 3. The research flowchart. 

 

The data spacing of lithological data and 

the equivalent grades were calculated in 

search of the most representative block size 

for the ore geostatistical body model. Because 

the data spacing is relatively tricky in the fan-

shaped borehole configuration as can be seen 

in Figure 4, the data spacing was calculated 

per interval 5-meter elevation. Based on the 

lithological data, the average data spacings 

were 10.8 m and 12.1 m respectively for 

Block A and Block B. Based on the eU3O8 

grade data, the average data spacing was 10.1 
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m and 9.5 m respectively for Block A and 

Block B. The block size of 6×6×6 m3 and 

5×5×5 m3 respectively for  Block A and 

Block B was used for the model. These block 

sizes were considered appropriate to represent 

both data spacing based on the lithological 

and the eU3O8 grade because their difference 

was not significant. 

The software used for the simulation was 

Stanford Geostatistical Modeling Software 

(SGeMS) [17]. For further visualization, 

analysis, and block reporting, the Geovia 

Surpac program, licensed to PPGN-BATAN, 

was utilized. The number of realizations used 

in this research was 100 realizations. 

 

 

 
 

Figure 4. Distribution of drill hole data in 3D in a view perpendicular to the Eko-Remaja Tunnel (N340°E) which 

is divided into Block A (red area) and Block B (blue area). 

Table 1. Statistical parameters, frequency, and global proportion of binary lithological data.  
Parameters ML MPS MPJ MA MD ZM Total 

B
lo

ck
 A

 

Mean 0.477 0.247 0.031 0.023 0.012 0.182   
Standard deviation 0.499 0.431 0.173 0.15 0.109 0.386 

Variance 0.249 0.186 0.03 0.023 0.012 0.149 

Frequency 7255 3759 465 348 184 3211 15221 

Global proportion 0.477 0.247 0.031 0.023 0.012 0.211 1 

B
lo

ck
 B

 

Mean 0.137 0.366 0.108 0.074 0.006 0.275   
Standard deviation 0.343 0.482 0.31 0.261 0.075 0.447 

Variance 0.118 0.232 0.096 0.068 0.006 0.2 

Frequency 277 762 225 153 12 651 2080 

Global proportion 0.133 0.366 0.108 0.074 0.006 0.313 1 

 

RESULTS 

Variography Analysis 

Based on structural geology data, the 

poles of lithological strike and dip were 

densely distributed around N290°E/66°, while 

the poles of strike and dip of uranium vein 

were distributed around N63°E/58° as can be 

seen in Figure 5. The first orientation was 

used for the experimental variogram 

construction of lithology 0, 1, and 3 of Block 

A, and the second orientation for lithology 5 

of Block A. The orientation was used for the 

variogram experimental construction because 

it coincided with the anisotropy from the 

respective lithology. The variogram map is 

depicted in Figure 7. Other lithologies of 
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Block A used an omnidirectional 

experimental variogram. For Block B, an 

omnidirectional experimental variogram was 

used for all lithology because the structural 

data was taken only up to 200 meters from 

the Eko-Remaja tunnel’s mouth. It was 

considered not representative of Block B 

which is located over 400 meters from the 

tunnel’s mouth. The variogram model fitted 

from the experimental variogram used one or 

two structures of the spherical model, 

exponential model, or their combination. The 

variogram model of each lithology for Block 

A and Block B can be seen in Figure 8 and 

Figure 9, respectively, while the parameters 

can be seen in Table 2 and Table 3. 

 
(A) 

 
(B) 

 

Figure 5. Contour analysis of the plane pole projection 

with the highest contour (arc with yellow outline) at 

N63°E/58° from metasediment layers (A) and 

N290°E/66° from U vein and mineralized breccia data 

(B) 

 

 

 
(A) 

 

 
(B) 

 

 
(C) 

 

Figure 6. Variogram maps of binary lithology data of 

lithology 0 (A), 1 (B), and 5 (C) 
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Figure 7. Variogram models of the lithology of Block A. 

 
Table 2. Variogram model parameters of the lithology of Block A. 

Lithological code 

Variogram model 

Nugget 

Effect 

Sill Range 

C1 C2 
a1 a2 

max med min max med min 

ML / 0 0.045 0.132 0.073 
Theoretical model: Exponential Theoretical model: Exponential 

6 6 6 60 60 10 

MPS / 1 0.02 0.035 0.12 
Theoretical model: Spherical Theoretical model: Exponential 

4 4 4 40 40 25 

MPJ / 2 0.002 0.028   
Theoretical model: Spherical 

  
95 95 95 

MA / 3 0.002 0.024   
Theoretical model: Exponential 

  
70 70 8 

MD / 4 0.004 0.006 0.005 
Theoretical model: Spherical Theoretical model: Spherical 

2 2 2 20 20 20 

ZM / 5 0.04 0.05 0.074 
Theoretical model: Spherical Theoretical model: Exponential 

3 3 3 20 20 8 
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Figure 8. Variogram models of the lithology of Block B. 

 
Table 3. Variogram model parameters of the lithology of Block B. 

Lithological code 

Variogram model 

Nugget 

Effect 

Sill Range 

C1 C2 
a1 a2 

max med min max med min 

ML / 0 0.015 0.01 0.095 
Theoretical model: Spherical Theoretical model: Spherical 

6 6 6 60 60 6 

MPS / 1 0.09 0.145   
Theoretical model: Spherical   

  15 15 15 

MPJ / 2 0.01 0.032 0.048 
Theoretical model: Spherical Theoretical model: Exponential 

4 4 4 45 45 45 

MA / 3 0.001 0.037   
Theoretical model: Spherical 

  
15 15 15 

MD / 4 0.002 0.002   
Theoretical model: Spherical 

 
25 25 25 

ZM / 5 0.05 0.08 0.09 
Theoretical model: Spherical Theoretical model: Spherical 

3 3 3 18 18 18 
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Simulation Result and Validation 

The SIS simulation resulted in a series of 

100 lithological numerical values in each 

block cell called the realization. The first 

validation was the lithological values 

histogram comparison between the input and 

the realization [34]. Three realizations that 

were selected randomly and compared to the 

input were displayed in Figure 9. The 

histograms showed a strong resemblance 

between respective input and output. It 

validated that the SIS simulation has been 

done properly. 

 

 
Figure 9. Histogram comparison between input and 

three selected realizations of Block A and Block B. 

From the 100 values, the probability of 

each lithology in each block cell was 

determined. The lithology with maximum 

probability was assigned to represent the 

block’s lithology. The block model was then 

validated visually with the geological map of 

the Eko-Remaja Tunnel at level 450 masl at 

the 450 masl section of the model, as can be 

seen in Figure 10 for  Block A and Block B. 

The comparison between the model and map 

indicated general similar nature of lithology 

distribution and the lithology along the tunnel 

that was mapped directly. It concluded that 

the model was well validated visually with 

the map so it could be used for further 

analysis. 

To increase confidence in the validity of 

the simulation results, a comparison of the 

simulated blocks with lithology along the 

borehole was also carried out. The percentage 

of suitability was calculated according to the 

matched block lithology compared to the 

borehole lithology. Figure 11 shows a 

comparison of the suitability of the simulated 

block with the lithology along drill hole TL-

111 as an example. Meanwhile, the 

percentage of the suitability of the simulated 

block with three lithologies from randomly 

selected drill holes was presented in Table 4. 

In both Block A and Block B, the percentage 

of the suitability of the simulated block with 

the lithology of the borehole shows a high 

value. This result strengthened the validation 

that the simulation has been carried out well. 
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Figure 10. Comparison between geostatistical SIS model and geological map of Eko-Remaja Tunnel level 450 

masl on Block A and Block B. 
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Figure 11. Example of a comparison of the suitability 

of SIS simulation lithology with lithology along 

borehole TL-111. 

Table 4. Comparison of the suitability of SIS and 

manual ore body models to three randomly selected 

borehole lithology. 

 

Borehole 

code 

Percentage of Suitability of SIS 

simulation lithology with lithology 

along the borehole (%) 

B
lo

ck
 A

 TL-177 87,2 

TL-222 76,9 

TL-165 73,3 

Average 79,1 

B
lo

ck
 B

 TL-156 93,3 

TL-111 90,0 

EFKL-09 100,0 

Average 94.4 

 

Geostatistical SIS Ore Body Model 

For the geostatistical SIS models, the 

minimum probability of 0.5 of mineralization 

zone (ZM) lithology with numerical code 5 

was defined as ore body. The ore body 

models are pictured from some points of view 

in Figure 12 and Figure 13 for Block A and 

Block B, respectively. The model showed E-

W tabular geometry. It appeared dipping 

relatively to the north, although it was only 

better observed in Block B.  

 
Figure 12. Geostatistical SIS models of Block A from 

some points of view. 

 

 
Figure 13. Geostatistical SIS models of Block B from 

some points of view. 

DISCUSSION 

Visual & Descriptive Comparative 

Analysis  

The visual comparison between the 

geostatistical SIS and the manual ore body 

model was depicted in Figure 14 for Block A 

and Figure 15 for Block B. The difference in 

the dimension of the two model types was 

visible. However, the distribution of the ore 

bodies was quite spatially corresponded, 

especially near tunnels that have a large data 
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density. Most of the manual models were also 

observed to coincide with or penetrate the SIS 

block model. Manual ore bodies were 

constructed based on thin vein geometries and 

were not correlated to a single zone, resulting 

in individual ore bodies. Meanwhile, in the 

SIS block model, the database accommodated 

the correlated mineralized zones. This caused 

the block model distribution to look like a 

mineralized zone extension of the manual 

model.  

Regardless of the spatial suitability based 

on visual comparisons of the two types of 

models, both types of models still have 

advantages and disadvantages. These 

advantages and disadvantages can be taken 

into consideration when choosing a model as 

the grade estimation domain. The comparison 

of the two models can be seen in Table 5. 

 

 
Figure 14. Comparison between geostatistical SIS model and manual ore body models of Block A at manual ore 

body’s strike-ward point of view (A) and downdip (B). 

 

 
Figure 15. Comparison between geostatistical SIS model and manual ore body models of Block B at manual ore 

body’s strike-ward point of view (A) and downdip (B). 
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Table 5. A descriptive comparison of manual and geostatistical ore body models of SIS in the Remaja Sector 

Manual ore body model Geostatistical ore body model 

Created directly by humans based on the interpretation of 

field data. 

Created with the help of the program, the result depends on 

the input entered in the simulation. 

Long processing time. Processing time was relatively faster. 

Due to data limitations, assumptions were used in 

determining vein continuity. 

Determination of continuity based on variogram parameters 

and searching ellipsoid. 

Not equipped with uncertainty properties such as probability. 

Each resulting solid model was considered an ore body based 

on the assumptions. 

Equipped with an uncertainty factor in the form of the 

probability of the ore body. 

Modeled in a solid format with a thin geometry. If a block 

model is to be made for grade estimation, the dimension of 

the block that corresponds to the spacing between grade data 

will be greater than the thickness of the solid model. It will 

increase geological uncertainty. 

Modeled in a block model format, so the suitability of the 

geometry in the field is limited to the shape and size of the 

block. On the other hand, the block size has been adjusted 

according to the distance between grade data so that grade 

uncertainty has been reduced. 

The vein continuity is modeled by considering the presence 

of other lithologies but does not differentiate these 

lithologies. Its suitability to actual geological conditions can 

only be validated against the presence of ore bodies along the 

tunnel wall. 

The simulation process considers the existence of other 

lithologies and their types so that it can be seen their 

suitability to actual geological conditions, both the 

suitability of the ore body and other lithologies. 

 

Quantitative Comparative Analysis  

To see the quantitative comparison of 

suitability between the two models, the 

percentage of conformity of the two models 

to the lithology of a borehole was used. It was 

done by counting the numbers of blocks 

along the drill holes that were suitable and 

not, compared to the lithology of the 

mineralized zone in the drill hole (ZM/5). 

Then, the corresponding SIS geostatistical ore 

body block percentage was calculated. This 

comparison did not look at other lithological 

suitability lithologies other than the 

mineralized zone (ZM/5). The same method 

was applied to manual ore body models that 

penetrate boreholes. The manual ore body 

model that was suitable or not with the 

lithology of the mineralized zone was counted 

(ZM/5) so that the percentage of the 

appropriate manual ore body model can be 

determined. This process was carried out on 

five randomly selected drill holes, both in 

Block A and Block B. For example, Figure 16 

presents a comparison of the suitability of the 

SIS and manual ore body models to the 

lithology of drill hole EFKL-02. 

Meanwhile, the comparison of the 

suitability of the SIS and manual 

geostatistical ore body models to the lithology 

of five randomly selected drill holes can be 

seen in Table 6. In general, for each borehole, 

the percentage fit of the SIS and manual 

geostatistical ore body models varies. There 

were some percentages of the suitability of 

the SIS geostatistical ore body model which 

is superior to the manual ore body model in 

several drill holes, but there were also smaller 

percentages of conformity to the SIS 

geostatistical ore body model compared to the 

manual ore body model. However, the 

average percentage suitability value shows 

that the SIS geostatistical ore body model is 

higher than the manual ore body model in 

both Block A and Block B. 
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Figure 16. Example of comparison of the suitability of 

SIS and manual ore body models to borehole lithology 

EFKL-02 

 
Table 6.  Comparison of the suitability of SIS and 

manual ore body models to randomly selected borehole 

lithology 

 
Borehole 

code 

Percentage of Suitability of Ore 

Body Model 

to Borehole Lithology (%) 

SIS Manual 

B
lo

ck
 A

 

EFKL-02 71,4 46,2 

TL-096 61,5 33,3 

EFKL-03 60,0 33,3 

TL-115 66,7 66,7 

TL-073 61,5 61,5 

Average 64,2 48,2 

B
lo

ck
 B

 

TL-207 75,0 55,6 

TL-169 60,0 70,0 

TL-205 57,1 47,1 

TL-173 80,0 14,3 

TL-225 77,8 62,5 

Average 70,0 49,9 

 

Probability-Volume Sensitivity Analysis 

The probability analysis of 0.5 was the 

minimum probability for a block to be 

classified as an ore body. The higher 

probability above 0.5 had a better degree of 

confidence as it spatially included more data 

in the simulation. Lithological probability 

could be used in some cut-offs above 0.5 as a 

tool to indicate the different degrees of 

confidence. This practically affects the 

volume of the ore body. Figure 17 

demonstrated the change in volume of the ore 

body (block size of 6×6×6 m3 for Block A 

and a block size of 5×5× m3 for Block B) as 

different probability cut-offs were applied.  

Based on Figure 17, as the higher 

lithological probability cut-off was applied 

(i.e. 0.7 and 0.9), the ore body volume 

decreased. On Block A, over 20% of volume 

decreased from the block model with a 

probability cut-off of 0.5 to 0.7. On Block B, 

the volume decreased by over 50%. In 

contrast, the changing in volume from the 

block model with a probability cut-off of 0.7 

to 0.9 were low, both in Block A and Block 

B. 

 

 
Figure 17. Block model volume according to different 

mineralized zones' probability thresholds 

 

CONCLUSIONS 

Based on the comparative analysis, the 

geostatistical and manual ore body models in 

the Remaja Sector have their respective 

strengths and weaknesses. The weakness of 
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the geostatistical ore body model is that the 

results depend on the input parameters in the 

simulation which are considered inferior to 

the manual model guided by the interpretation 

of field data. Meanwhile, the geostatistical 

ore body model has the advantage of being 

faster in processing, equipped with an 

uncertainty factor, and the block size of the 

model has taken into account the distance 

between grade data so that it can be used 

directly for grade estimation. Quantitatively, 

the geostatistical ore body model has a higher 

average percentage of conformity to the 

lithology of the mineralized zone along the 

borehole than the manual ore body model. 

Therefore, the geostatistical ore body model 

was used as the limit in grade estimation in 

the Remaja Sector. The SIS geostatistical ore 

body model had a volume of about 128,000 

m3 and 40,000 m3 respectively for  Block A 

and Block B. As the higher lithological 

probability was applied (i.e. 0.7 and 0.9), the 

volume decreased by over 20% and 50% 

respectively for  Block A and Block B. 
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