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ARTICLE INFO ABSTRACT
Article history: This article is devoted to introducing a novel application of the Gray Wolf Optimizer (GWO)
Received: 2023 June 11 algorithm in one of the most challenging issues related to mineral exploration, anomaly separation
Accepted: 2023 November 20 from the background in stream sediment geochemical studies. The Alut geological sheet, located in
Available online: 2024 June 21 the Sanandaj-Sirjan zone, which has special importance to gold prospecting, has been studied for
the distribution of gold and arsenic that accompany each other as the paracenteses in such deposits.
Keywords: The cost function used in this algorithm has been provided according to previously well-explored
Optimization Algorithm deposits. While the GWO algorithm was able to divide the sheet into two classes of anomalous and
Gray Wolf non-anomalous areas, the fractal method identified four categories among distributions of gold and
Anomaly Separation arsenic, which impose the responsibility of selecting anomalous areas on the scientists. The GWO
Gold draws the areas as potential zones of prospecting that may be neglected by fractal strategy. The
Alut derived results show that 24.8ppm and 15.7ppb is anomaly threshold for arsenic and gold distribution

respectively. The comparison of the results shows that the anomaly threshold obtained by the fractal

methods and GWO algorithm for arsenic is almost the same, but the anomaly threshold for gold in

the GWO algorithm method is optimal.

1. Introduction

Mineral exploration is carried out by a combination of different
methods and techniques. The choice of methods and techniques
depends on the goal of the study and the conditions of the studied

area such as geology, topography, mineralization type, etc.

(Mostafaei and Kianpour, 2022). Geochemical studies are the main
steps in metal deposit exploration and stream sediments are one of
the more important subsets of geochemical studies. Determination

of anomaly values from the background has been challenging in the
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geochemical investigation, especially in stream sediments (Hassani
Pak, 2015). Classical statistical methods are used to separate the
background from the anomaly, but these methods are for various
reasons including not considering the spatial distribution of data,
the condition of following the normal distribution, removing
outlier data, have not having good results (Reimann et al., 2017).
To overcome the problems of classical statistical methods, different
methods of spatial statistics are used (Hassani Pak and Sharafodin,
2011). For example, the following research can be mentioned:
Using of Power Spectral-Area Fractal Method in the copper-

molybdenum deposit of Kahang (Afzal ez al., 2010), utilizing fractal
modeling and staged factor analysis for Cr and Fe mineralization
in Balvard, SE Iran (Afzal et al., 2016), using PCA and U-spatial
statistics model for Pb and Zn anomaly separation in the Arak 100000
sheet (Haji Ali Askari e al., 2018), using statistical and fractal
methods for shear zone detection in the Saqqez area (Seyedrahimi-
Niaraq and Hekmatnejad, 2021), power spectrum-area fractal
modeling of multi-element mineralization factor (Mahdyanfar and
Seyedrahimi-Niaraq, 2022), application of geochemical structural
methods including fractal and U-spatial statistical methods to
determine lead-contaminated areas (Seyedrahimi-Niaraq et al.,
2023) separation of geophysical anomaly by fractal methods
(Mostafaei and Ramazi, 2018), Using the hybrid factor-fractal
model for threshold detection in the Basiran 100000 sheet, south
Khorasan (Aryafar e al., 2020). Also, neural network methods
have been used for anomaly separation (Farhadi ez al., 2022; Chen
and Shayilan, 2022; Luo et al., 2023; Mostafaei et al., 2023; Chen
and Lu, 2023; Chen et al., 2023).

The case study is Alut 100000 sheet that some researches were
done for anomaly separation:
Using classical statistical methods and clustering (Mohammadpour
etal.,2012), using neural network and PCANN (Khezri et al., 2013),
Using fractal analysis (Rahimi et al., 2016), Using Concentration-
Area and Concentration- Number Methods (Hosseini et al., 2017),
using PCA and clustering (Ahmadi and Mohammadpour, 2018).

Collective intelligence algorithm with different features such as
self-organization, parallel processing, and high flexibility has been
used to solve problems in different areas and estimate different
parameters, such as robot control, transportation, communication
network, etc. (Parpinelli and Lopes, 2011; Leboucher et al., 2012,
Zhang et al., 2013). Gray Wolf optimization algorithm is one of the
collective intelligence optimization algorithms that is widely used
in solving various problems, as an example of using this algorithm
in geoelectrical data inversion (Li et al., 2018), solving engineering
design problems (Nadimi-Shahraki et al., 2021), network and
wireless (Otair et al., 2022), feature selection (Almazini et al.,
2023), lidar signal noise reduction (Li et al., 2023), and Mineral

prospectivity mapping (Mostafaei et al., 2023) can be mentioned.

In this study, we want to use the gray wolf algorithm (GWO)
as an optimization algorithm for anomaly separation in the Alut
100000 sheet. For this purpose, gold and arsenic distribution maps
have been prepared. In the following, based on the fractal methods
the Au and As maps were prepared, and anomalies were identified.
Then the GWO algorithm was used to separate the background
from the anomaly values in the study area. The obtained results
were compared and the efficiency of the GWO algorithm was

investigated for separation in the stream sedimentary studies.

2. Research methodology

As mentioned in this research, we used the GWO algorithm for
anomaly separation in the Alut 100000 sheet. The GWO algorithm
is inspired by the social behavior of gray wolves in nature and their
hunting method (Mirjalali ez al., 2014; Leboucher et al., 2012). This
meta-heuristic algorithm is based on collective intelligence and has
three main stages: a) observing the prey, tracking and chasing the
prey, b) approaching, surrounding the prey, and leading it astray
until it stops moving, and c) attacking the prey.

Alut area is a part of the Sanandaj-Sirjan belt and is located
between 45° to 46° 30' E longitudes and 360 to 360 30" N latitudes
(Fig.1). This region is very active in terms of tectonics. For this
reason, there are many displacements and rifts with the northwest-
southeast trend parallel to the fold of the Zagros belt (Omrani and
Khabaznia, 2003). One of the characteristics of this region is the
existence of a large intrusive body, especially in the eastern part
of this region, which according to the evidence occurred in the
compressive-shear state. The type of these intrusive bodies varies
from granite to granodiorite-gabbro with upper cretaceous age,
it can be said that it has undergone some metamorphism. Granit
is the oldest magmatic phase that penetrated the Precambrian
metamorphic rocks (Eftkharnejad, 1972). The oldest metamorphic
units of this region include schist, phyllite, slate, metariolite, and
gneiss. The intensity of metamorphism in these units is considered
moderate to low. The trend of the metamorphic rocks is similar
to the Zagros thrust (northwest-southeast) with soft morphology.
Cretaceous units including sedimentary-volcanic rocks have
outcrops in this area. Among the Paleozoic and Cretaceous units,
there are Permian limestone, but they do not have a significant
origin and a specific stratigraphic order (Eftkharnejad, 1972;
Ahmadi and Mohammadpour, 2018). There are also colored
mélange complexes with Paleocene age in the southwest of this
region (Hosseini ef al., 2017; Mohammadpour ez al., 2019).

There are two types of gold mineralization in this area:
a) gold mineralization related to shear zones such as Zavakoh,
Mirgenakhshineh, and Sheikh Choopan and b) gold mineralization
related to gold-rich massive sulfides with a volcanic host rock for
example Barika (Aliyari ef al., 2009 and 2012; Afzal et al., 2013;
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Mohammadpour et al., 2019). In Figure 2, a geological map of the
study area is presented.

The data were collected by the method of stream sediments and
the sampling density was approximately 3 square kilometers for
each sample in the Alut sheet (Fig. 3). Finally, 835 samples were
collected in this area, considering that the distance between the
samples was not more than 1km along the streams. The samples
were analyzed by the AAS and ES methods for 20 elements and
their results were obtained by geological survey and mineral

exploration of Iran.

3. Results and Discussion

According to this research goal, the results of gold and arsenic
were selected from the database. In the first, the distribution map of
gold and arsenic was prepared by the IDW method and presented
in Figure 4. In the following for anomaly separation, the fractal
methods were used. For this purpose, the results of applying the
fractal method (Hosseini et al., 2017) have been used. Based on
the obtained results, the gold and arsenic data were divided into
four groups which are shown in Figure 5. Designating a group as
an anomaly may depend on individual manner. Therefore, it is not
possible to accurately comment on the separation of anomalies.
Based on this, the need to apply a method to accurately separate the
anomaly from the background is felt, and on this basis, optimization

algorithms were used.

3.1. GWO algorithm results

To use the GWO algorithm, first, the location of 8 known indexes
was placed on the gold and arsenic distribution map, and their
values were measured. In designing the gray wolf algorithm,
50 gray wolf and 100 iterations were used. For this purpose, the
following function was used.

fe@)=Y -,

in indexes location, n= number of known indexes.

, where, x= optimal value, x= metal value

In fact, the optimal point is obtained where the value of the
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mentioned function is the lowest. Figure 6 shows the process of
the implemented algorithm for the distribution of gold and arsenic
values.

Based on the function results, the optimal limit for gold is 4pbb,
in other words, areas with a value higher than 15.76 ppb should
be considered anomalous areas for gold. For arsenic, the optimal
limit is 24.86 ppm. Anomalous areas for each element of gold and

arsenic are shown in Figure 7.

4. Conclusion

This study was conducted in order to investigate the use of a
collective intelligence algorithm to separate background anomaly
values in the stream sediment method of exploratory geochemical
studies. For this purpose, the data from the Alut 100000 sheet were
used, and the results of the gold and arsenic analyses were selected
for this investigation.

After preparing the distribution map of the gold and arsenic
elements, the fractal methods were used to separate anomaly values
from the background. Based on the obtained results, gold and
arsenic data were divided into four groups.

Next, the gray wolf algorithm was used for anomaly separation,
based on the results of the algorithm, values greater than 15.7
ppb were chosen as the anomaly area for gold, and 24.8 ppm was
chosen for arsenic.

By using this algorithm (GWO), the area is divided into 2
parts, and anomalous areas are completely determined without the
intervention of an expert. Nevertheless, we should select a group or
groups as an anomaly in fractal methods.

The anomalies identified map based on the GWO algorithm
was combined with the geological map and presented in Figure 8.
Then, the anomaly locations were compared with the host rocks and
fault’s locations, and the relationship between them was observed.

The anomaly threshold in the gray wolf algorithm and fractal
results for arsenic are almost the same. For gold separation, results

were different, gray wolf algorithm has an optimal result.
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