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Abstract Stream sediment samples play an important role in identifying potential areas of
metallic and non-metallic mineralization in mineral exploration studies. The relationship
of geochemical elements with each other shows how the elements are distributed in the
area. Also, by identifying related elements, sampling and targeted chemical analysis can
be used in the next stages of exploration. The purpose of this study is to investigate the
elements related to the copper element in the Siojan prospecting area, which is located in
South-Khorasan province and 30 km northwest of Birjand city of Iran. In Siojan area, 120
stream sediment samples of a 60 square kilometer area were collected to detect
geochemical anomalies and were consequently analyzed by Inductively Coupled Plasma
Mass Spectrometry (ICP-MS) for 45 elements. Preliminary geological studies showed that
the studied area has copper mineralization potential, and therefore, copper was selected as
the target element in this study. Copper trace elements were identified in the area and the
results were used to identify copper mineralized anomalies. For the elemental analysis data,
methods of Principal Component Analysis (PCA), Factor Analysis (FA), Hierarchical
Cluster Analysis (HCA) and K-Means Clustering were performed to identify the relevant
elements and relationships among them. Statistical analysis of the concentration of
geochemical elements in the region revealed that copper and cobalt elements were
identified as two elements of the same family in terms of geochemical genetics. The
average value for copper and cobalt elements in the analyzed samples was 27.2 ppm and
15.5 ppm, respectively. Finally, the relationship between copper and cobalt elements was
modeled as an equation using the K-Means Clustering algorithm.
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1 Introduction

Geochemical investigations in mineral exploration are carried out to identify
anomalous elements of mineralization (metallic or non-metallic) in the area (Roonwal
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2018). In the reconnaissance stage, based on geological and geochemical investigations
(sampling), the location of the anomalies of the target element is determined. The
importance of this task is to separate the potential areas and barren areas from each
other (Gourley 2019, Talapatra 2020). Geochemical relationships between the
elements from the stream sediment samples are analyzed by various methods. The most
important and practical methods that have been used by researchers in different areas
are multifractal analysis, Principal Component Analysis (PCA), clustering, Artificial
Neural Network (ANN) and Machine Learning Algorithms (Yin et al. 2021, Shirazi
2022, Shirazi et al. 2022). Each of the mentioned methods has advantages and
disadvantages, which are chosen according to the study purpose (Garcia et al. 2020,
Mohammadi et al. 2018). In the present study, the aim is to identify the elements
related to the copper element in the exploratory area of Siojan. For this purpose,
Principal Component Analysis (PCA), Factor Analysis (FA), Hierarchical Cluster
Analysis (HCA) and K-Means clustering algorithm methods have been chosen. In this
way, elemental analysis is performed among all analyzed data from stream sediment
samples, and elements related to copper element are identified. The elements detected
are called copper trace elements in the area. The Siojan prospecting area is located in
South-Khorasan province (East Iran) and 30 km northwest of Birjand city. In terms of
structural geology, this area is located in the structural zone of Sistan (Tirrul et al.
1983). The studied area has been confirmed in terms of copper mineralization, so that
extensive copper oxide and copper sulfide mineralization have been observed in it.
Considering that the topic of the current research in this area has not been investigated
comprehensively so far, the main objectives of the study are: (1) Descriptive statistics
analysis; (2) Determining the geochemical threshold limit of copper element in stream
sediment samples of the area; )3) Investigating of geochemical relationships among
elements; (4) Separation of mineral elements and rock-forming elements in the area.

2 Methodology

2.1 Study area and geological setting

The study region is located in 32° 58’ 23”* N latitude and 58° 56’ 7°’ E longitude 30
km northwest of Birjand city in South Khorasan of Iran (Figure 1). Siojan area

geologically and structurally located in the Philish zone of eastern Iran. Exposed rock
units in this area include Phyllis-like sediments (Paleocene-Eocene), limestones,
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sedimentary-volcanic facies including marl, tuff and ignimbrite (Eocene) and volcanic
rocks (Eocene- Oligocene) including agglomerate, dacite, andesite, and ignimbrite.
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Fig 1. Location and geological map of the area

Alteration zones in this region are seen in relation to Eocene-Oligocene volcanic and
around the location of faults and fractures. Alteration zones include argillic alteration
in the center and west of the area, siliceous in the center and parts of the south of the
area, and carbonation (Malekian et al. 2022). In general, the main structural control
faults of the region can be divided into two general categories, which include, 1)
Northwest-southeast faults that these faults have a greater role in determining the
structural status of the region than the second category faults and they often have a
non-slip function, and 2) faults with north, northeast-south, southwest, which are more
of normal slip slope. In addition to metal mineralization in the study area, small and
scattered masses of gypsum can be seen in the south of the study area.
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Fig 2. The location of stream sediment samples
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2.2 Sampling

Geochemical sampling in Siojan area was prepared through stream sediment sampling
method. The initial design of the sampling points was mainly based on determining the
center of stream’s gravity. For this purpose, a map of the drainage systems (Shirazi et
al. 2022b) of the study area was generated using topographic maps and aerial images
(Figure 2). Stream sediment samples with a particle size of 80 mesh were collected
from the study area. The area was covered with 120 stream sediment samples in the
form of ICP MS 44 elements analysis (Figure 2) (Shirazi et al. 20183, b, c).

2.3 Technical flow

The most important discussion in the analysis of geochemical data is to determine the
background limit for each element in the study area and to separate the background
from the anomalies of the relevant element (Carranza 2008). Another important issue
in geochemical exploration is the simultaneous study of the elements under study
(Alahgholi et al. 2018, Shirazy et al. 2021 a, b, Zhang et al. 2019). One of the most
powerful methods in this field is factor analysis as well as principal component
analysis. These methods have two advantages (Mohammadi et al. 2018): 1) Reducing
the dimensions of data, and 2) expressing the existing relationship between different
elements. Especially with the large number of elements studied and the large number
of samples, the role of factor analysis becomes more apparent, so that it is much easier
to understand the variability of the data.

Factor analysis is based on PCA method. This is a technical method for finding a

linear combination of the same initial variables to form a new coordinate system. These
linear compounds are called principal component analysis and have the following
properties (Carranza 2009), 1) most of the variability can be explained by a limited
number of new variables, 2) new variables, which are the product of the linear
combination of the initial variables, do not show correlation between themselves.
Before using this method, it is necessary to pay attention to two points :If the initial
variables are not correlated (or have a small correlation coefficient) there is no reason
to use this method, because they do not give acceptable results .Factor analysis is
performed when the number of initial variables is sufficient .Invoice analysis is
performed in four steps:
1) Calculation of correlation coefficients, 2) Extraction of factors, which includes
determining the number and method of calculating factors, 3) Applying special
transformations on factors, in order to better interpret the relationships between data,
4) calculating the score of each factor for each sample.

Clustering is the placement of data in groups where the members of each group are
similar to each other on a specific parameter. The similarity between the data within
each cluster is maximum and the similarity between the data within different clusters
is minimal (Doodran et al. 2020; Shirazy et al. 2022, Yang et al. 2019) .The structure
of these clusters or groups can be consistent with the nature of the data or the hidden
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structure that lies within the data. Clustering is finding a structure in a set of data that
is not categorized. The main reason for using clustering methods is to discover new
structures that exist naturally in the data without any prior knowledge of the structure
of classes or categories (Nazerian et al. 2021, Shirazy et al. 2018 d, e, Yu et al. 2019).
The results of geochemical studies can be useful in future studies in the field of mineral
exploration (Beygi et al. 2021, Shirazi et al. 2018b). For example, in remote sensing
surveys and processing of satellite images, they are used in combination to verify the
mapping performed (Shirazi et al. 2018 b, Shirazy et al. 2021 c,d, Shirazy et al. 2020
a,b). It is also used in exploratory geophysical studies to integrate information layers
and determine the drilling location of boreholes (Khayer et al. 2020; Shirazy et al.
2021).

3 Results and Discussion

3.1 Descriptive statistical investigation

Due to the polymetallicity of the region, the correlation of elements (Cu, Co, Ag, Sb,
Mo, Zn) (Table 1) were identified for analysis. Because our data are not normal,

Spearman method was used to determine the correlation.

Table 1: Elements and their correlation with Spearman method.

Co Cu Mo Sh Zn Ag
Co 1 .586 .076 .369 .204 .097
Cu .586 1 141 .385 419 .057
Mo .076 141 1 448 131 199
Sb .369 .385 448 1 .255 195
Zn .204 419 131 .255 1 .080
Ag .097 .057 199 195 .080 1

The statistical results on the data are given in Table 2.

Table 2: Basic statistical results.

Min  Max Sum Mean Std. variance skewness kurtosis
deviation
Ag 0 1 42 0.35 0.202 0.041 1.298 0.221 2.659 0.438
Co 9 23 1860 15.50 2.961 8770 -0.013 0.221 -0.080 0.438
Cu 15 50 3272 27.27 5.391 29.066 0.450 0.221 1.490 0.438
Mo 0 3 122 1.01 0.422 0.178 1.764 0.221 3.789 0.438
Sh 0 7 126 1.05 1.013 1.026 3.123 0.221 12336 0.438
Zn 30 68 5417 45.14 8.063 65.015 0419 0.221 -0.579 0.438
Ruhuna Journal of Science 114
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3.2 Copper threshold limit investigation

The most important discussion in the analysis of geochemical data is to determine the
background threshold for each element in the region and to separate the background
threshold from the anomaly of the relevant element (Cheng et al. 1996, Khosravi et al.
2022, Shirazy et al. 2020 c,d, Shirazi et al. 2018 a, c, Shirazy et al. 2022 a ,b). Using
statistical methods, the threshold concentration of geochemical elements is identified.
To be used in geochemical modelling and geochemical halo identification. Identifying
the concentration threshold of the desired elements is used in mineral processing
studies to decide on the economics and how the elements are extracted from the mineral
(Doodran et al. 2020, Khakmardan et al. 2020b, Khakmardan et al. 2018).

Anomaly threshold calculator formula:
MAD = Median| Xi— Median|

According to the above formula: MAD is 3.1 ppm and Median is 27.1 ppm as well as
after insertion in the formula:
Anomaly = Median + 3 MAD

Our anomalous threshold was estimated to be 33.1 ppm and our anomalous map was
created as Figure. Blue indicates anomaly and background is green and other colors
indicate anomalous probabilities (Mohammadi et al. 2016).
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Fig 3. Anomalous areas with blue and green is background
(Coordination in UTM, Zone : 39)
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3.3 Principal Component Analysis (PCA)

According to the selected elements, the analysis was performed on the data and the

results were announced according to Table 3.

Table 3. Principal component analysis table.

Variable PC1 PC2 PC3 PC 4 PC5 PC6
Cu 0.513 -0.371 -0.048 0.04 0.296 0.712
Co 0.46 -0.345 -0.247 0.461 0.143 -0.613
Ag 0.201 0.521 -0.811 -0.157 0.024 0.072
Sh 0.492 0.261 0.236 0.204 -0.763 0.103
Mo 0.318 0.603 0.462 0.053 0.553 -0.117
Zn 0.376 -0.201 0.1 -0.847 -0.062 -0.296
Eigen Value 2.3101 11922  0.8529 0.8148 0.4707 0.3592
Proportion 0.385 0.199 0.142 0.136 0.078 0.6
Cumulative 0.385 0.584 0.726 0.862 0.94 1

In the Table 3, according to the amount of special values and also the following
diagram (Figure 4), the first three components that explain 73% of the behavior were
selected.

The outlier data were announced by principal component analysis method with

2.5

2.0

0.5

Component Number

Fig 4. Scree plot in PCA

Mabhalanaobits interval as shown in Figure 5.
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Fig 5. Outlier data detection based on Mahalanobis distance.

Outlier data were replaced with appropriate values. Then the corrected data were used
for statistical analysis (Levin 2011, Kim 2013, Kwak and Kim 2017, Alahgholi et al.
2018, Aali et al. 20223, b, Shirazy et al. 2022a, b, c, d, Shirazi et al. 2022a, b).

Based on the principal component analysis (PCA) method, the scores of different
elements in each principal component were evaluated. Then the scores of the elements
were mapped in each of the first, second and third principal components (PC1, PC2
and PC3). The map obtained from each of the first, second and third principal
components are presented in Figures 6, 7 and 8, respectively.
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Fig 6. Contour map of principal component analysis method, First component (PC1)
(Coordination in UTM, Zone: 39)
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Fig 7. Contour map of principal component analysis method, second component (PC2)
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Fig 8. Contour map of principal component analysis method, third component (PC3)

(Coordination in UTM, Zone: 39)

The studied elements were clustered using principal component analysis (PCA)
method. For this purpose, the loads related to each of the elements in the first and
second main components were plotted against each other. Elements close to each other

were grouped together.

Based on this clustering, 3 different group classes were

obtained. Silver and molybdenum elements group, zinc, cobalt and copper elements
group and antimony single element group (Figure 9).
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Fig 9. Clustering by PCA method using components one and two.

3.4 Factor Analysis (FA)

Factor analysis is a multivariate statistical method that establishes a special relationship
between a large set of seemingly unrelated variables under a hypothetical model. In
factor analysis, a large number of variables are expressed in terms of a small number
of dimensions or structures; this structure is called a factor. In methods based on
eigenvectors using eigenvalues and eigenvectors, directions with maximum variability
are identified. In order to analyze the geochemical data of stream sediments, the rotary
type factor analysis method with variomex rotation was used (Reimann et al. 2005,
Shirazy et al. 20184, b, ¢, Shirazy et al. 2019, Shirazi et al. 2021, Hedayat et al. 2022,
Shirazy et al. 2022c¢).

In Table 4, by selecting 3 factors and also the method of maximum likelihood, the
numbers for each factor in each element are shown in Figures 10 to 12.

Table 4. Factor analysis table.

Variable Factor 1 Factor 2 Factor 3 Communality
Cu 0.63 -0.35 0.398 0.678
Co 0.979 0.057 -0.25 0.962
Ag 0.106 -0.213 -0.177 0.088
Sh 0.405 -0.574 -0.179 0.526
Mo 0.104 -0.599 -0.344 0.488
Zn 0.239 -0.383 0.338 0.318
Variance 1.5979 1.0056 0.4555 3.0589
% Var 0.266 0.168 0.076 0.51
Ruhuna Journal of Science 119
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Fig 10. Contour map of factor one (Coordination in UTM, Zone: 39)

3653000

3652000

EEEE
O = o
D

3651000

3650000

&£ & $ ° &£ &
FFFEETE

S & & &
& & & ¢

X
Fig 11. Contour map of factor two (Coordination in UTM, Zone: 39).
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According to the loads in the first two factors, Figure 13 can be drawn.
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Fig 13. Factor classification according to factor one and two.

Or in the case of factors one and two, it is shown schematically in Figure 14.

o
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Fig 14. Factor classification according to factor one and two schematically.

Based on the obtained results of factor analysis method, another grouping of the studied
elements can be presented. This grouping includes cobalt, copper and zinc groups,
silver and molybdenum groups and single element antimony group.

3.5 Hierarchical Cluster Analysis (HCA)

In data mining and statistics, "hierarchical clustering” is a method that performs the act
of categorizing and grouping observations and data in a hierarchical manner. The point
that distinguishes this method from other clustering methods is the sequence and top-
down (or bottom-up) view that exists in this technique (Khakmardan et al. 2020a;
Khayer et al. 2021; Madani et al. 2021; Nazerian, Catania, et al. 2022; Nazerian,
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Shirazy, et al. 2022). For clustering, the hierarchical distance clustering method was
used and the results were presented according to Table 5 and the dendrogram in Figure
15.

Table 5: Hierarchical clustering parameters.

Agglomeration Schedule

Stage Cluster Combined Coefficients Stage Cluster First Next

Appears Stage
Cluster 1 Cluster 2 Cluster 1 Cluster 2

1 3 5 74.721 0 0 2

2 3 4 136.962 1 0 4

3 1 2 18884.820 0 0 4

4 1 3 57148.272 3 2 5

5 1 6 177736.097 4 0 0

**% ** *HIERARCHICAL CLUSTER ANALYSIS®***xx*
Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
Label Num +--------- Fommm Fomm fomm - e +
Ag 3

Mo 5 ]

Sb 4

Cu 1

Co 2 4

Zn 6 !

Fig 15. Final hierarchical clustering dendrogram.

Geochemical elements can be grouped according to the results of hierarchical analysis.
In this grouping, silver, molybdenum and antimony elements are in one group, copper
and cobalt elements in one group and zinc element as a single element in a separate
group.

3.6 K-Means Clustering Analysis

As it was observed, according to the results of statistical analysis, copper and cobalt
elements are inherently geochemically related to each other. Therefore, the
geochemical behavior of these two elements in relation to each other (as an exploratory
key in the study region) (Shirazy et al. 2019), is important. In order to investigate the
geochemical behavior of Cu and Co elements, K-Means clustering method was used
Khayer et al. 2020, Shirazy et al. 2022c).
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Fig 16. Profile images obtained from the classification of Cu and Co elements along with
the mean values of the utility function.

Initially, the data set was categorized into different classes using the K-Means
algorithm. Then the amount of utility function for each classification was calculated.
As shown in Figure 17, the image of the silhouettes is presented along with the mean
value of the utility function.

Based on the results of geochemical data classification of copper and cobalt
elements, classification of 4 classes with the highest value of the utility function was
selected as the optimal clustering (Ahmadi et al. 2022, Shirazy and Hezarkhani 2018,
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Shirazy et al. 2022; Shirazy et al. 2021). The graph of the values of the utility function
for classifying 3 classes to 20 classes is presented in Figure 17.

0.56

0.51

0.46

0.41
3 4 5 6 7 8 95 10 11 12 13 14 15 16 17 18 19 20

Fig 17. The graph of the values of the utility function (silhouette) for classifying 3 classes
to 20 classes.
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Fig 18. Geochemical behavior of copper (Cu) vs. cobalt (Co) elements.

Cu and Co concentrations were calculated in the centers of 4-class classification based
on K-Means algorithm. Using regression method, the values of the centers of the
clusters were plotted. The diagram shown in Figure 18 is actually the geochemical
behavior of copper and cobalt elements in samples of stream sediments in the Siojan
region. As can be seen in the geochemical behavior diagram of the elements copper
and cobalt, the concentrations of these two elements are directly related to each other.
Thus, with increasing Cu concentration, Co concentration also increases. This increase
in value is calculated as a quadratic curve. The third-degree equation of geochemical
behavior of copper and cobalt concentrations is:
Cu =0.272Co? - 13.345C0? + 218.47Co - 1163.9

4 Conclusions

Siojan exploration region is located in South Khorasan province of Iran with the
mineralization potential of copper element. Copper mineralization has occurred in this
area. Therefore, it was used as a target for studies to identify geochemical anomalies.

Ruhuna Journal of Science 124
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120 geochemical samples of stream sediments were collected according to the
designed sampling map. After preparing the samples, they were analyzed by ICP-MS
method. From each sample, 44 elements were obtained as a result of analysis .Data
were prepared using statistical methods. Then, in order to identify the relationships of
geochemical elements in the region, the methods of principal component analysis,
factor analysis and hierarchical analysis were used.

The grouping performed on the geochemical elements by the methods of principal
component analysis and factor analysis found similar results. Based on these results,
three groupings of geochemical elements of the region were presented. Cu, Co and Zn
group, Ag and Mo group and single element Sb group. According to the same result,
the methods of principal component analysis and factor analysis in the grouping of
geochemical elements in the region, in order to increase the accuracy of research and
identify elements related to the element, hierarchical analysis was used. Based on this
method, geochemical elements showed different groupings. This grouping also had
similarities with the grouping obtained from the results of other methods. According
to this grouping, the elements Ag, Mo and Sb in one group, Cu and Co elements in one
group and Zn as a single element in a separate group. Due to the fact that the target
element in this study was copper, based on the results of statistical studies, the genetic
family of this element in Siojan region is cobalt. Although the element zinc was also
included in the two groups, which was part of the copper group family by the method
of principal component analysis and factor analysis, but it cannot be mentioned as an
intrinsic relationship in the region. Another reason is the inherent and permanent
correlation between zinc and lead, which was not achieved in statistical analysis.

Geochemical behavioral studies of Cu and Co elements based on K-Means algorithm
show that these two elements have direct behavior with each other. Behavioral changes
in the concentration of elements relative to each other were calculated as a quadratic
equation. Using this equation, the concentration of each element can be calculated
based on the other element. The calculated equation is

Cu=0.272Co03 - 13.345Co02 + 218.47Co - 1163.9.

Acknowledgements

We appreciate the Department of Mining and Metallurgy Engineering Amirkabir University of
Technology (Tehran Polytechnic). The Institute of Oceanography and Environment (INOS),
Universiti Malaysia Terengganu (UMT) and Research Institute for Sustainable Environment,
Universiti Teknologi Malaysia are also acknowledged for providing facilities during editing,
rewriting, re-vising, and re-organizing the manuscript. Great appreciation should go to
anonymous journal reviewers/ editors for their constructive comments on the primary version
of the manuscript.

Ruhuna Journal of Science 125
Vol 13 (2): 110-128, December 2022



Aref Shirazi et al. Stream sediment analysis from Siojan Prospecting Area, Iran

References

Aali AA, Shirazi A, Shirazy A, Khakmardan S, Maghsoudi A, Hezarkhani A. 2022a. Geophysical Study
to Identify lron Mineralization Anomalies Using Terrestrial Magnetometry in the Chak-Chak
Exploration Area, Iran. Turkiye Jeoloji Bulteni 65(2): 159-170.

Aali AA, Shirazy A, Shirazi A., Pour AB, Hezarkhani A, Maghsoudi , Hashim M, Khakmardan S. 2022b.
Fusion of Remote Sensing, Magnetometric, and Geological Data to ldentify Polymetallic Mineral
Potential Zones in Chakchak Region, Yazd, Iran. Remote Sensing 14(23): 6018.

Ahmadi ME, Mesroghli S, Hedayat B, Nazerian H, Shirazi A, Shirazy A. 2022. Assessment of the
Influence of Sulfuric Acid/Hydrogen Peroxide Mixture on Organic Sulfur Reduction of High Sulfur
Coals and Their Chemical Composition. Open Journal of Geology 12(3): 199-214.

Alahgholi S, Shirazy A, Shirazi A. 2018. Geostatistical studies and anomalous elements detection,
Bardaskan Area, Iran. Open Journal of Geology 8(7): 697-710.

Beygi S, Talovina IV, Tadayon M, Pour AB. 2021. Alteration and structural features mapping in Kacho-
Mesqal zone, Central Iran using ASTER remote sensing data for porphyry copper exploration.
International Journal of Image and Data Fusion 12(2): 155-175.

Carranza EJM. 2008. Geochemical anomaly and mineral prospectivity mapping in GIS. Elsevier.

Carranza EJM. 2009. Controls on mineral deposit occurrence inferred from analysis of their spatial pattern
and spatial association with geological features. Ore Geology Reviews 35(3-4): 383-400.

Cheng Q, Agterberg F, Bonham-Carter G. 1996. A spatial analysis method for geochemical anomaly
separation. Journal of Geochemical Exploration 56(3): 183-195.

Doodran RJ, Khakmardan S, Shirazi A, Shirazy A. 2020. Minimalization of Ash from Iranian Gilsonite
by Froth Flotation. Journal of Minerals and Materials Characterization and Engineering 9(1): 1-13.

Garcia RJL, Da Silva Janior JB, Abreu IM, Soares SAR, Araujo RGO, De Souza ES, Ribeiro HJS, Hadlich
GM, De Souza Queiroz AF. 2020. Application of PCA and HCA in geochemical parameters to
distinguish depositional paleoenvironments from source rocks. Journal of South American Earth
Sciences 103: 102734.

Gourley AC. 2019. Key elements of a model mining code: a Middle East case study. Mineral Economics
32(2): 187-204.

Hedayat B, Ahmadi ME, Nazerian H, Shirazi A, Shirazy A. 2022. Feasibility of Simultaneous Application
of Fuzzy Neural Network and TOPSIS Integrated Method in Potential Mapping of Lead and Zinc
Mineralization in Isfahan-Khomein Metallogeny Zone. Open Journal of Geology 12(3): 215-233.

Khakmardan S, Doodran RJ, Shirazy A, Shirazi A, Mozaffari E. 2020a. Evaluation of Chromite Recovery
from Shaking Table Tailings by Magnetic Separation Method. Open Journal of Geology 10(12):
1153-1163.

Khakmardan S, Doodran RJ, Shirazy A, Shirazi A, Mozaffari E. 2020b. Evaluation of Chromite Recovery
from Shaking Table Tailings by Magnetic Separation Method. Open Journal of Geology 10: 1153-
1163.

Khakmardan S, Shirazi A, Shirazy A, Hosseingholi H. 2018. Copper oxide ore leaching ability and
cementation behavior, mesgaran deposit in Iran. Open Journal of Geology 8(09): 841.

Khayer K, Shirazy A, Shirazi A, Ansari A, Hezarkhani A. 2020. Cementation exponent estimate in
carbonate reservoirs: A new method. Global Journal of Computer Sciences: Theory and Research
10(2): 66-72.

Khayer K, Shirazy A, Shirazi A, Ansari A, Nazerian H, Hezarkhani A. 2021. Determination of Archie’s
Tortuosity Factor from Stoneley Waves in Carbonate Reservoirs. International Journal of Science and
Engineering Applications (IJSEA) 10: 107-110.

Khosravi V, Shirazi A, Shirazy A, Hezarkhani A, Pour AB. 2022. Hybrid Fuzzy-Analytic Hierarchy
Process (AHP) Model for Porphyry Copper Prospecting in Simorgh Area, Eastern Lut Block of Iran.
Mining 2(1): 1-12.

Kim HY. 2013. Statistical notes for clinical researchers: assessing normal distribution (2) using skewness
and kurtosis. Restorative dentistry & endodontics 38(1): 52.

Kwak SK, Kim JH. 2017. Statistical data preparation: management of missing values and outliers. Korean
journal of anesthesiology 70(4): 407.

Levin RI. (2011). Statistics for management. Pearson Education India.

Ruhuna Journal of Science 126
Vol 13 (2): 110-128, December 2022



Aref Shirazi et al. Stream sediment analysis from Siojan Prospecting Area, Iran

Madani N, Maleki M, Sepidbar F. 2021. Application of Geostatistical Hierarchical Clustering for
Geochemical Population Identification in Bondar Hanza Copper Porphyry Deposit. Geochemistry
81(4): 125794.

Shabani A, Ziaii M, Monfared MS, Shirazy A, Shirazi A. 2022. Multi-Dimensional Data Fusion for
Mineral Prospectivity Mapping (MPM) Using Fuzzy-AHP Decision-Making Method, Kodegan-
Basiran Region, East Iran. Minerals 12(12): 1629.

Mohammadi NM, Hezarkhani A, Maghsoudi A. 2018. Application of K-means and PCA approaches to
estimation of gold grade in Khooni district (central Iran). Acta Geochimica 37(1): 102-112.

Mohammadi NM, Hezarkhani A, Saljooghi BS. 2016. Separation of a geochemical anomaly from
background by fractal and U-statistic methods, a case study: Khooni district, Central Iran.
Geochemistry 76(4): 491-499.

Nazerian H, Shirazy A, Shirazi A, Hezarkhani A. 2022. Design of an Artificial Neural Network (BPNN)
to Predict the Content of Silicon Oxide (SiO2) based on the Values of the Rock Main Oxides: Glass
Factory Feed Case Study. International Journal of Science and Engineering Applications (IJSEA)
2(11): 41-44.

Malekian M, Momayez M, Bellett P, Mancino S, Carrea F. 2022. Stability Investigation of Open-Pit
Slopes During Blasting Activities. International Journal of Engineering Research & Technology.
Nazerian H, Shirazy A, Shirazi A, Hezarkhani A. 2022. Design of an Artificial Neural Network (BPNN)
to Predict the Content of Silicon Oxide (SiO2) based on the Values of the Rock Main Oxides: Glass
Factory Feed Case Study. International Journal of Science and Engineering Applications (1JSEA) 2:

41-44,

Reimann C, Filzmoser P, Garrett RG. 2005. Background and threshold: critical comparison of methods
of determination. Science of the total environment 346(1-3): 1-16.

Roonwal GS. 2018. Mineral exploration: practical application. Springer.

Shirazi A. 2022. Integration of Intelligent Analytical Methods for Geochemical Modeling and
Identification of Exploration Keys for the Sahlabad [Applied research, Amirkabir University of
Technology (Tehran Polytechnic)]. Tehran, Iran.

Shirazy A, Shirazi A, Hezarkhani A. 2018a. Predicting gold grade in Targ 1: 100000 geochemical map
using the behavior of gold, Arsenic and Antimony by K-means method. Journal of Mineral Resources
Engineering 2(4): 11-23

Shirazi A, Hezarkhani A, Beiranvand Pour A, Shirazy A, Hashim M. 2022a. Neuro-Fuzzy-AHP (NFAHP)
Technique for Copper Exploration Using Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) and Geological Datasets in the Sahlabad Mining Area, East Iran. Remote
Sensing 14(21): 5562.

Shirazi A, Hezarkhani A, Pour AB. 2022b. Fusion of Lineament Factor (LF) Map Analysis and
Multifractal Technique for Massive Sulfide Copper Exploration: The Sahlabad Area, East Iran.
Minerals 12(5) 549.

Shirazi A, Hezarkhani A, Shirazy A. 2018a. Exploration Geochemistry Data-Application for Cu Anomaly
Separation Based On Classical and Modern Statistical Methods in South Khorasan, Iran. International
Journal of Science and Engineering Applications 7(4): 39-44.

Shirazi A, Hezarkhani A, Shirazy A. 2018b. Remote sensing studies for mapping of iron oxide regions,
South of Kerman, Iran. International Journal of Science and Engineering Applications 7(4): 45-51.

Shirazi A, Shirazy A. 2020. Introducing Geotourism Attractions in Toroud Village, Semnan Province,
IRAN. International Journal of Science and Engineering Applications 9(16): 79-86.

Shirazi A, Shirazi A, Hezarkhani A. 2022c. Advanced Integrated Methods in Mineral Exploration. LAP
Lambert Academic Publishing.

Shirazi A, Shirazy A, Karami J. 2018c. Remote sensing to identify copper alterations and promising
regions, Sarbishe, South Khorasan, Iran. International Journal of Geology and Earth Sciences 4(2):
36-52.

Shirazi A, Shirazy A, Nazerian H, Khakmardan S. 2021. Geochemical and Behavioral Modeling of
Phosphorus and Sulfur as Deleterious Elements of Iron Ore to Be Used in Geometallurgical Studies,
Sheytoor Iron Ore, Iran. Open Journal of Geology 11(11): 596-620.

Ruhuna Journal of Science 127
Vol 13 (2): 110-128, December 2022



Aref Shirazi et al. Stream sediment analysis from Siojan Prospecting Area, Iran

Shirazi A, Shirazy A, Saki S, Hezarkhani A. 2018d. Geostatistics studies and geochemical modeling based
on core data, sheytoor iron deposit, Iran. Journal of Geological Resource and Engineering 6: 124-
133.

Shirazi A, Shirazy A, Saki S, Hezarkhani A. 2018e. Introducing a software for innovative neuro-fuzzy
clustering method named NFCMR. Global Journal of Computer Sciences: Theory and Research 8(2):
62-69.

Shirazy A, Hezarkhani A, Shirazi A, Khakmardan S, Rooki R. 2022a. K-Means Clustering and General
Regression Neural Network Methods for Copper Mineralization probability in Chahar-Farsakh, Iran.
Turkiye Jeoloji Bulteni 65(1): 79-92.

Shirazy A, Hezarkhani A, Shirazi A, Timkin T, Voroshilov VG. 2022b. Geophysical explorations by
resistivity and induced polarization methods for the copper deposit, South Khorasan, Iran. Bulletin of
the Tomsk Polytechnic University Geo Assets Engineering 333(3): 99-110.

Shirazy A, Hezarkhani A, Timkin T, Shirazi A. 2021a. Investigation of Magneto-/Radio-Metric Behavior
in Order to Identify an Estimator Model Using K-Means Clustering and Avrtificial Neural Network
(ANN)(Iron Ore Deposit, Yazd, IRAN). Minerals 11(12): 1304.

Shirazy A, Shirazi A, Ansari A, Hezarkhani A. 2020a. Cementation exponent estimate in carbonate
reservoirs: A new method. Global Journal of Computer Sciences: Theory and Research 10(2): 66-72.

Shirazy A, Shirazi A, Ferdossi MH, Ziaii M. 2019. Geochemical and geostatistical studies for estimating
gold grade in tarq prospect area by k-means clustering method. Open Journal of Geology 9(6): 306-
326.

Shirazy A, Shirazi A, Heidarlaki S, Ziaii M. 2018b. Exploratory Remote Sensing Studies to Determine
the Mineralization Zones around the Zarshuran Gold Mine. International Journal of Science and
Engineering Applications 7(9): 274-279.

Shirazy A, Shirazi A, Hezarkhani A. 2018c. Predicting gold grade in Targ 1: 100000 geochemical map
using the behavior of gold, Arsenic and Antimony by K-means method. Journal of Mineral Resources
Engineering 2(4): 11-23.

Shirazy A, Shirazi A, Hezarkhani A. 2020b. Behavioral Analysis of Geochemical Elements in Mineral
Exploration:-Methodology and Case Study. LAP Lambert Academic Publishing.

Shirazy A, Shirazi A, Nazerian H. 2021b. Application of Remote Sensing in Earth Sciences—A Review.
International Journal of Science and Engineering Applications 10(5): 45-51.

Shirazy A, Shirazi A, Nazerian H, Hezarkhani A. 2021c. Investigation of Geochemical Sections in
Exploratory Boreholes of Mesgaran Copper Deposit in Iran. International Journal For Research in
Applied Science and Engineering Technology 9(8): 2364-2368.

Shirazy A, Shirazi A, Nazerian H, Khayer K, Hezarkhani A. 2021d. Geophysical study: Estimation of
deposit depth using gravimetric data and Euler method (Jalalabad iron mine, kerman province of
IRAN). Open Journal of Geology 11(8): 340-355.

Shirazy A, Ziaii M, Hezarkhani A. 2020c. Geochemical Behavior Investigation Based on K-means and
Artificial Neural Network Prediction for Copper, in Kivi region, Ardabil province, IRAN. Iranian
Journal of Mining Engineering 14(45): 96-112.

Shirazy A, Ziaii M, Hezarkhani A, Timkin T. 2020d. Geostatistical and remote sensing studies to identify
high metallogenic potential regions in the Kivi area of Iran. Minerals 10(10): 869.

Talapatra AK. (2020). Geochemical Exploration and Modelling of Concealed Mineral Deposits. Springer.

R. Tirrul, 1. Bell, R. Griffis, V. Camp. 1983. The Sistan suture zone of eastern Iran. Geological Society of
America Bulletin 94(1): 134-150.

Yang J, Grunsky E, Cheng Q. 2019. A novel hierarchical clustering analysis method based on Kullback—
Leibler divergence and application on dalaimiao geochemical exploration data. Computers &
Geosciences 123: 10-19.

Yin B, Zuo R, Xiong Y, Li Y, Yang W. 2021. Knowledge discovery of geochemical patterns from a data-
driven perspective. Journal of Geochemical Exploration 231: 106872.

Zhang S, Xiao K, Carranza EJM, Yang F, Zhao Z. 2019. Integration of auto-encoder network with density-
based spatial clustering for geochemical anomaly detection for mineral exploration. Computers &
Geosciences 130: 43-56.

Ruhuna Journal of Science 128
Vol 13 (2): 110-128, December 2022



