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Abstract
Several mineralizations of chromitites, iron-rich gossanite and sulphides occur in the Rayat area of Zagros suture-ophiolites 
nappe in NE Iraqi Kurdistan. Nevertheless, no systematic geochemical mapping has been carried out in the region. This study 
brings forth the results of an extensive geochemical survey along with geochemical anomalies in the area that will warrant 
subsequent mineral exploration. In this work, 41 samples were collected from the stream network of the Rayat area, and ana-
lyzed for their chemical elements concentration content, focusing on the distribution patterns mainly of Ba, Co, Cr, Cu, Ni, 
Pb, V, and Zn. Concentration-area (C-A) fractal analysis, median absolute deviation (MAD), and Tukey’s inner fence (TIF) 
statistical analysis methods were concurrently applied for the detection of geochemical anomalies and their differentiation 
from existing background levels in the area. The resulting thresholds practically produced identical maps of the geochemi-
cal anomalies, pointing out to a reliable outcome. We report here that the obtained results delineate three promising areas 
with high potential mineralization anomalies of Cu, Ni, Zn, and Cr in the south and southeast part of the Rayat area. These 
anomalies indicate new prospects for unexplored ore minerals in the area.
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Introduction

Stream sediments have been broadly utilized for geo-
chemical exploration aims. The elemental composition 
of stream sediments delivers valuable information on 
potential mineralizations (Rantitsch 2000), particularly 
in the initial phases of searching for hidden mineral 
deposits (Yousefi et al. 2014). One key factor for the 
accurate interpretation of stream sediment geochemistry 

is to separate the targeted elements concentration and 
distribution patterns from the local background levels in 
each stream, in order to eliminate factors not related to 
mineralization (Carranza 2004). By doing so, the resid-
ual values will correspond more accurately to the effects 
of irregular geological processes such as mineralization 
processes (Carranza and Hale 1997). Classical statisti-
cal methods employing probability plots (Sinclair 1991) 
have been widely used for separating the background 
from the measured anomalies. By using these methods, 
the thresholds are determined by the average value and 
the standard deviation of the data (Li et al. 2003), while 
only the frequency distribution of elemental concentra-
tions is used for separating the anomaly from the back-
ground. However, since they do not take into account 
the data spatial distribution, valuable information can 
be omitted (Parsa et al. 2016). Median + 2MAD remains 
a reliable classical method that is much stronger against 
the influence of data outliers that are prevalent in geo-
chemical data sets (Reimann et al. 2005). This method 
provides very low threshold values, meaning it yields 
many sites for further investigation.
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Tukey (1977) on the other hand had introduced the 
paradigm of exploratory data analysis (EDA) to analyze 
and interpret univariate data that do not show a normal 
distribution. EDA includes the collection of descriptive 
statistical and, mostly, graphical tools designed to (1) gain 
maximum intuition into a data set, (2) discover data struc-
ture, (3) define important variables in the data, (4) find 
outliers and anomalies, (5) propose and test hypotheses, 
(6) develop careful models, and (7) distinguish best pos-
sible treatment and interpretation of data. The descriptive 
statistical and graphical tools used in EDA are based on 
the data itself, not the data distribution model (e.g. nor-
mal distribution). The boxplot, density trace, and jittered 
one-dimensional scatterplot are the main graphical tools 
used in uni-element geochemical data analysis (Kürzl 
1988; Reimann et al. 2005; Reimann and de Caritat 2017). 
A combination of graphics can indicate any ‘anomalies’ 
in an univariate data set. In recent years, fractal methods 
such as concentration - area (C-A) have been suggested 
and applied in the published literature on the segregation 
of geochemical anomalies from the background (Cheng 
1999; Cheng et al. 2000).

Several fractal methods have been applied for sepa-
ration anomalies from background, such as concentra-
tion-area (C-A) (Cheng 1999), concentration dimension 
(C-D) (Changjiang et al. 2003), and concentration num-
ber (C-N) (Mao et al. 2004). In this methods, the influ-
ence of a stream sediment sampling point covers only the 
upstream area of the catchment and not the downstream 
area, which in turn will be influenced by the next sam-
pling point downstream (Spadoni 2006; Bai et al. 2010; 
Daya and Afzal 2015; Parsa et  al. 2016; Ghezelbash 
and Maghsoudi 2018). Stream sediments genetically are 
considered as a mixture of natural grains produced by 
weathering and erosion processes, as well as anthropo-
genic particles of different nature transported into catch-
ment basins (Spadoni 2006). Therefore, the geochemical 
features of each sample can be regarded as a mixture 
of geological sediments and material of anthropogenic 
sources that are transported along with the hydrographi-
cal network (Bölviken et al. 1986).

The goal of this research is the identification of 
geochemical anomalies in the Rayat area, lying on the 
Kurdistan ophiolitic terrain, in order to locate potential 
mineralizations. Recently, the hydrothermal formation 
of listvenite and gossanite in the studied area has been 
reported (Pirouei et al. 2020, 2021), and along with the 
vast occurrence of ophiolitic bedrock, favourable pros-
pects for mineral exploration are expected. The explored 
area is a treacherous mountainous terrain with uncleared 
landmines field remnants of the Iraq-Iran conflict in the 

1980s of the last century. Consequently, geochemical 
exploration and geological studies of the area are scarce. 
This study is the first systematic geochemical explora-
tion in the region. In this paper, parametric and fractal 
methods are applied to map the spatial distribution pat-
terns of Ba, Co, Cr, Cu, Ni, Pb, V, and Zn anomalies in 
the studied area.

Geological setting

The Rayat area is located between longitude (44° 54.00′ 
E–45° 04.00′ E) and latitude (36° 37.00′ N–36° 44.00′ 
N) covering around 120  km2. Tectonically, it is a por-
tion of the Iraqi Zagros Suture Zone (IZSZ) (Fig. 1a). 
The outcropping lithostratigraphic units of Paleocene-
Upper Eocene in the area belong to the Walash Group 
that comprises (1) the lower Calcareous Shale Group 
of late Eocene–Paleocene age, (2) the middle Volcano-
Sedimentary Group, consisting of basalts and spilites, 
as well as breccia and conglomerates of volcano-sedi-
mentary origin, and (3) the upper Calcareous-Argillite 
Group consisting of calcareous argillites, limestone, fer-
ruginous conglomerates, jasper rocks, and Fe-rich sand-
stones (Vasiliev and Pentelikov 1962).

The intrusive rocks of the Rayat area include perido-
tites (dunite and harzburgite) and gabbro formed as sheets 
and sills. The majority of primary mafic to ultramafic 
intrusive rocks were altered to serpentinites that sporadi-
cally host chromite lenses. The encountered serpentinites 
are part of the ophiolitic mélange that occurs predomi-
nantly along with thrust faults, which juxtapose the Qul-
qula Radiolarite with the Walash Volcano-Sedimentary 
Group (Aswad et al. 2011). The serpentinites were later 
on subjected to hydrothermal alteration by solutions rich 
in K, Si, Ca, leading to the formation of listvenites; the 
circulation of the hydrothermal fluids was controlled by 
tectonic structures (Fig. 2) (Pirouei et al. 2020).

Material and methods

Fieldwork

The sample collection and preparation protocols followed 
the guidelines in Lech et al. (2007). Figure 3 shows the 
specific location of the samples on the related catchment 
areas. The study area is considerably rugged and inacces-
sible mountainous terrain compounded by the presence of 
uncleared minefields remaining from the previous war in 
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the area. Under these field restrictions, only the accessible 
sites were sampled.

Forty-one samples typically consisting of silts and fine 
sands were collected from active and seasonal streams. 
The selected samples were sieved, and the < 80 mesh 
part was retained in thick polyethylene bags, and later 
dried in the lab at room temperature for 72 h and ground 
to − 0.125 mm in preparation for X-ray fluorescence (XRF) 
analysis. The analysis was duplicated for every eighth 
sample for data quality control. Moreover, the precision 
of the instrument was calculated by the method of Thomp-
son and Howarth (1976) on duplicate samples; the results 
showed around 10% precision.

Statistical evaluation—separation of anomalies 
from background

The statistical analysis was performed with SPSS 24 soft-
ware. In order to replace censored data, the simple substitu-
tion method was employed.

In this study, three methods were conducted to separate 
the anomalies from the background: (i) M + 2MAD method 
(Reimann et al. 2005), (ii) exploratory data analysis (EDA) 
method and TIF (Tukey 1977), and (iii) C-A fractal method 
of (Cheng et al. 1994).

Median + 2MAD

This method has been proposed by Reimann et al. (2005) 
instead of Mean + 2STD. The reduced sensitivity of this 
method towards the influence of data outliers made it 
widely used in threshold estimation (Reimann et  al. 
2005; Zheng et  al. 2014). The MAD delivers a value 
that should be multiplied by a constant (for normal dis-
tribution 1.4826) so that it adapts to the underlying dis-
tribution, to give the Median + 2MAD (Reimann et al. 
2008, 2018). In environmental geochemical surveys, the 
method provides excellent results (Mrvić et al. 2010), 
while additionally, the method is getting popular in 
exploration geochemistry (Chen et al. 2016; Reimann 
and de Caritat 2017).

Tukey’s inner fences (TIF)

This method was proposed by Tukey (1977) for univariate 
data analysis and interpretation. It uses density trace, jittered 
one-dimensional scatterplot, and boxplot as main graphical 
tools (Kürzl 1988; Reimann et al. 2005; Reimann and de 
Caritat 2017). In this method, a box plot will be drawn for 
the data. The boxplot defines 5-number summary statistics 
named minimum, the lower hinge (LH), median, the upper 
hinge (UH), and maximum. The parameters of the boxplot 

Fig. 1  a–c General geological map of the Iraqi Zagros Suture Zone including the study area (after Moores et al., 2000 and Sissakian, 2000)
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are interquartile range (IQR) or hinge width (HW), lower 
inner fence (LIF), lower outer fence (LOF), upper inner 
fence (UIF), upper outer fence (UOF), lower whisker (LW), 
and upper whisker (UW) (Tukey 1977; Hoaglin et al. 2000). 
Because the box represents approximately 50% of a uni-
variate data set, therefore at most 25% of data can be outli-
ers, but these values do not significantly affect the median 
and the hinges. The boxplot is resistant and robust against 
extreme outliers in univariate data because the IQR or the 
hinge width defines the inner fences; outliers do not seri-
ously affect them.

According to a boxplot uni-element, the geochemi-
cal data set usually is divided into five classes (1) 
minimum–LW considered extremely low background; 
(2) LW–LH as low background; (3) LH–UH as back-
ground; (4) UH–UW considered high background; and 
(5) UW–maximum shows the anomalies. UIF and UOF 
can be considered a threshold for separating anomalies 
from the background and high anomalies from anomalies, 

respectively (e.g.Bounessah and Atkin 2003; Reimann 
et al. 2005).

Concentration‑area fractal model

Cheng et  al. (1994) suggested the concentration-area 
(C-A) fractal model for determining different thresh-
olds (Chen et al. 2016). The equation that expresses this 
model is (Cheng et al. 1994):

In this equation, the occupied area is considered A(ρ) that 
has concentration amounts larger than contour amounts ρ; ʋ 
refers to the threshold value, and a1 and a2 are fractal dimen-
sions of an anomaly and background. Cheng et al. (1994) 
utilized two methods for deriving A(ρ): (1) the calculation of 
the area surrounded by the contour amount ρ on a geochemi-
cal contour map (2) the computation of A(ρ) by counting 

A(𝜌 ≤ v)∞𝜌
−a1 ;A(𝜌 > v)∞𝜌

−a2

Fig. 2  Geological map of 
the Rayat area (updated from 
Vasiliev and Pentelikov 1962 
and Pirouei et al. 2020)
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the number of pixels bigger than or equal to ʋ. After that, 
the breakdowns among straight-line parts on log–log plots 
and the given amounts of ρ were applied for determining 
the thresholds.

In order to calculate the C-A for Ba, Co, Cr, Cu, Ni, 
Pb, V, and Zn elements, it is necessary to convert samples 
distribution points to raster. The dimensions of raster pixels 
gave occupied area per each concentration value. Kriging/
cokriging and inverse distance weighting were used to data 
interpolation of sampled points. Produced raster by IDW 
method for each element shows reasonable results that are 
close to field observations and geology of the study area. 
General properties, search neighbourhood, predicted value, 
and weights have been left as default values by ArcGIS.

Analytical techniques

X-ray fluorescence (XRF) analysis for major and minor 
elements in stream sediments was performed on pressed 
powdered samples by a RIGAKU ZSX PRIMUS II spec-
trometer, equipped with Rh-anode at the Laboratory of 

Electron Microscopy and Microanalysis, Faculty of Natural 
Sciences, University of Patras. The values of loss on igni-
tion (LOI) were measured by burning 1 g at 950 °C for 2 h 
(Heiri et al. 2001) using a Selecta® muffle furnace. The 
analysis was conducted at the University of Patras, Greece.

Results

Table 1 shows the XRF results of the stream sediment sam-
ples, whereas geochemical maps were produced for the ele-
ments Ba, Co, Cr, Cu, Ni, Pb, V, and Zn.

Data processing

Normalization of the data

Geochemical data usually does not show a normal dis-
tribution (Reimann and Filzmoser 2000). Most of the 

Fig. 3  Sample’s location and drainage system on the hillshade map of the Rayat area
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classical statistical methods are dependent on the suppo-
sition of normality of the data, and no normal distribution 
of the data could lead to biased and wrong results (Rei-
mann and Filzmoser 2000). In the normal populations, the 
kurtosis is around three, skewness zero, and the amount 
of mean, mode, and median are the same. To find out the 
normal distribution of the data, histograms, scatter plot, 
boxplot, and Q–Q plots of elements are generated (Figs. 4, 
5, 6). According to the plots, V has a normal distribution, 
but Ba, Co, Cr, Cu, Ni, Pb, and Zn do not indicate normal 
distribution, but rather the element plots are comprised of 
multiple populations indicating that the researched area 
probably was exposed to variable geological events ( Zuo 
2011; Daya and Afzal 2015).

To normalize the data, ln-transformation was applied 
(Figs. S1, s2, and s3), and the processed data (Table 2) 
show now a normal or near-normal distribution ready for 
further processing by classical methods.

Correlation

To identify the inter-relations between the studied ele-
ments in univariate analysis, the Spearman correlation 
coefficient has been used since it is robust against data 
outliers, and the results from original data and linear 
transformation will be similar. Table 3 shows the correla-
tion coefficient for different elements. The results show 
a strong positive correlation between Cr and Ni and less 
evident with Cu; this correlation might be due to pres-
ence of ultramafic rocks in the area. Cr also has a good 
correlation with Mg, probably because of co-occurrence 
in the same lithology or mineral phases (e.g. Cr-Mg-
spinels). A good positive correlation among Rb, Sr, Ba, 
 Al2O3, and  K2O indicates their clustering in silicates like 
feldspars and/or clay minerals such as fuchsite occurring 
in the broader area (Pirouei et al. 2020).

Geochemical mapping of the elements 
with different methods

Various statistical methods have been employed to sepa-
rate anomalies from the background, and consequently 
to map the distribution of the elements (e.g.Hawkes and 
Webb 1962; Cheng et al. 1994). In this study, classi-
cal statistical methods (M + 2MAD and TIF) and the 
fractal method (C-A) were used. The Digital Elevation 
Model (DEM) was used to draw the basins and drain-
age system of the studied area. The geochemical maps 
were designed according to background and anomalies 
classes and the respective basins by using ArcGIS 10.6 
(Figs. s4-s7, 7 and 8).
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M + 2MAD method

This method depends on the median (M) and median 
absolute deviation (MAD) calculations on the normal-
ized data (Reimann et al. 2005). According to this MAD, 
which is comparable to the method of X + 2S (Hawkes 
and Webb 1962; Matschullat et al. 2000), the amount of 
M + 2MAD is considered the threshold for anomalies. 
In the Rayat area, the background and the anomalies 
thresholds were calculated as follows (Table s1): (1) the 
values < M are considered low background; (2) the values 
between M and M + MAD are considered background; 
(3) the values between M + MAD and M + 2MAD are 
considered high background; (4) the values between 
2 M + MAD and M + 3MAD are considered anomalies; 
(5) the values > M + 3MAD are considered strong anoma-
lies. According to the calculation, five classes are deter-
mined for each element (presented in Table s2).

The geochemical map of elements distr ibution 
(Figs. s4 and s5) shows strong anomalies for Ba, Co, Cr, 
Cu, Ni, and Zn in the southern part of the studied area. 
Lead shows strong anomalies in north and south parts, 
and V shows strong anomalies in the NW and W part of 
the area. Also, Ba, Co, Cr, Cu, Ni, and Pb show weaker 
anomalies in some parts of the area (Figs. s4 and s5).

Tukey’s inner fences method

According to the statistical calculation on the geochemi-
cal data by Tukey’s boxplot (Table s3), five classes are 
proposed for each element (Table  s4). The threshold 
between high background and anomalies of Ba, Co, 
Cr, Cu, Ni, Pb, V, and Zn is 1089.84, 128.88, 2989.34, 
216.14, 1104.83, 21.03, 234.19, and 135.15 respec-
tively. Based on geochemical maps, Ba does not show 
any anomaly in the area and the values of Ba reach the 

Fig. 4  Histograms and EDA 
graphics (density trace, jittered 
one-dimensional scatterplots, 
and boxplots) of (a) Ba, (b) Co, 
(c) Cr, and (d) Cu showing no 
normal distribution
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high background (Fig. s6a). Cobalt indicates a strong 
and a weak anomaly in the SE and SW part of the Rayat, 
respectively (Fig.  s6b). Chromium displays a strong 
anomaly in the SW part, whereas it demonstrates a weak 
anomaly in the SE of the area (Fig.  s6c). Cu and Ni 
depict two strong anomalies in the SW and SE of the area 
(Figs. s6d and s7a). The strong anomaly of the Pb can be 
observed in the SW of the area (Fig. s7b). Vanadium and 
Zn show weak anomalies in the West part and South part 
of the region, respectively (Fig. s7c and d).

Fractal method

Based on the distribution maps of Ba, Co, Cr, Cu, Ni, Pb, 
V, and Zn produced with ArcGIS 10.6 (Figs. 7, 8), the 
C-A plots were obtained. The zinc plot suggests seven 
enrichment stages (fig. s8a). The values of 93.33 and 
104.71 are the lowest enrichment stage; the values of 

120.22 and 143.88 are moderate, whereas the values of 
158.49 and164.44 are the highest enrichment steps of this 
element. The plot of Ni indicates six enrichment stages 
(Fig.  s8b) with threshold values (Table  s5). Low and 
moderate Ni enrichment stages were below 110.41 ppm 
and between 121.62 and 213.8 ppm, respectively. The 
high enrichment stage of Ni is above 240.1 ppm. Accord-
ing to the Cu plot (Fig. s8c), this element shows four 
enrichment stages with threshold values (Table s5). The 
population among 165–181 were moderate and those 
above 181 ppm represent the moderate enrichment stages 
of V (Fig. s8d). Also, the concentration of more than 245 
is high enrichment steps of V (Table s5).

According to Pb plot, this element shows six enrich-
ment stages (Fig.  s9a). The lowest threshold of Pb is 
between 14.52 and15.14, and moderate threshold values 
are between 17.78 and 26.3, and the highest threshold 
value of lead is 28.18. The chromium plot demonstrates 

Fig. 5  Histograms and EDA 
graphics (density trace, jittered 
one-dimensional scatterplots, 
and boxplots) of (a) Ni, (b) Pb, 
(c) V, and (d) Zn. Only vana-
dium (V) histogram appears to 
be symmetric and with normal 
distribution
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six enrichment stages (Fig.  s9b). The lowest thresh-
old value is 246 and 2138; the moderate is 3162.3 and 
10,471.7, and the highest threshold value is 19059.7 
(Table s5). According to the plot, there are five enrich-
ment stages (Fig. s9c) for Ba within the threshold amounts 
of 208.93, 309.03, 549.54, and 616.6 ppm (Table s5). 
Cobalt plot denotes six enrichment stages (Fig. s9d and 
Table s5), the lowest enrichment steps are between 28.58 
and 29.85. The moderate enrichment steps are between 
87.1 and 97.72, while the highest is 194.99.

According to C-A log–log plots of Cr, Ni, Cu, Pb, and 
Co, six geochemical populations are regarded as low, 
moderate, and high background, as well as weak, high, 
and extreme anomaly. Barium and vanadium plots show 
five papulations as low, moderate, and high background, 
weak anomaly, and high anomaly. Moreover, Zn shows 
seven populations as very low, low, moderate, and high 
background as well as weak, high, and extreme anoma-
lies. According to the threshold obtained by C-A log–log 
plots, ArcGIS produced distribution maps of each ele-
ment to show probable anomalies in the area (Figs. 7 
and 8).

Based on the constructed geochemical maps by (C-A) 
fractal method, Ba, Cr, Cu, Pb, and Zn show a strong anom-
aly in the SW of the area (Figs. 7a, c, d and 8b, d ). Cobalt 
and Ni show strong anomalies in the SE and weak anomalies 
in the SW of the area (Fig. 7b and  8a). Vanadium indicates 
a strong anomaly in the Western part of the area (Fig. 8c ).

Discussion

Statistical evaluation—factor analyses 
and geogenic influence in the geochemical features 
of stream sediments

Factor analysis (Davis 1986) was used to obtain a group-
ing of elements within the samples based on their geo-
chemical associations by utilizing the software of IBM 
SPSS®. The results showed a 5-factor model which cov-
ers 82% of the overall variance of the eigenvalues, that 
all of them showing a bipolar mode (Table s6). By corre-
lating the factor loadings, seven groups and associations 
were gained as follows (Fig. 9a ): G1: K, Sr, Nb, Ba; G2: 
S, Co, Ni, Cu, and Zn; G3: P, Fe, Cr, and Zn; G4: Cr, Ni, 
and LOI; G5: V, Ti, and Ca; G6: Al, P, Zr, and La; and 
G7: Na, Si, Ti, and V.

A strong positive correlation between Cr and Ni 
(Fig. 9b ) might be related to their concentration in the 
mafic and ultramafic rocks. The supergene alteration also 
can accumulate Cr and Ni together. These two elements 
show high concentrations in the samples of the Rayat 
area, especially in two locations in the southern part of 
the area influenced probably by the volcano-sedimentary 
rocks of the Walash Group. The Walash Group contains 
chromite mineralization (Ismail et al. 2009), and it is 
also affected by hydrothermal multiphase activity (Pir-
ouei et al. 2020). Moreover, the occurrence of weath-
ered serpentinized peridotite, as alteration products of 
peridotite, may have provided lateritic mineralizations 
(e.g. garnierite), which can increase the amount of Ni in 
the stream sediments. S, Co, Ni, Cu, and Zn are linked 
together in G2 (Fig. 9); they might reflect the presence of 

Fig. 6  Normal Q-Q plot of (a) Ba, (b) Co, (c) Cr, (d) Cu, (e) Ni, (f) 
Pb, (g) V, and (h) Zn. All the elements show deviation from the nor-
mal distribution (straight line), except for vanadium which shows a 
normal distribution

◂

Table 2  Statistical parameters of the Rayat stream sediment samples

Parameters V (ppm) Ln_Cr (ppm) Ln_Co (ppm) Ln_Ni (ppm) Ln_Cu (ppm) Ln_Zn (ppm) Ln_Ba (ppm) Ln_Pb (ppm)

Mean 178.61 7.13 3.74 6.39 5.10 4.61 5.31 2.61
Std. Error of mean 5.01 0.13 0.13 0.09 0.06 0.02 0.09 0.04
Median 180.76 7.00 3.91 6.39 5.02 4.57 5.24 2.64
Mode 166.78 5.28a 1.83a 6.42 4.91 4.56 4.96 2.71
Std. Deviation 32.05 0.80 0.83 0.56 0.37 0.15 0.56 0.25
Variance 1027.21 0.65 0.70 0.32 0.14 0.02 0.31 0.06
Skewness  − 1.15 1.28  − 1.14 0.90 2.11 1.42 0.12  − 0.79
Std. Error of skewness 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37
Kurtosis 5.97 4.02 1.26 2.60 4.61 2.76  − 0.48 7.31
Std. Error of kurtosis 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72
Range 203.73 4.76 3.59 2.96 1.67 0.74 2.37 1.76
Minimum 50.93 5.28 1.83 5.03 4.68 4.38 4.06 1.61
Maximum 254.66 10.04 5.42 7.99 6.35 5.11 6.44 3.37
Sum 7322.89 292.48 153.15 262.18 209.06 189.20 217.58 106.92
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mineralizations in the form of sulphide minerals (possi-
bly in the form of hydrothermal or VMS deposits) within 
the mafic and ultramafic rocks of the Walash group. 
Their geochemical distribution maps show similar spa-
tial distribution (Figs. s6 and s7). Grouping of K, Sr, Nb, 
Ba together may indicate their affiliation in feldspar and/
or fuchsite, which has been reported in the area recently 
(Pirouei et al. 2020).

Iron is grouped with Cr, P, and Zn in G3. This association 
corresponds probably to the presence of newly discovered 
iron ore in the area in the form of gossanite over layers rich 
in sulphide minerals (Pirouei et al. 2021). The other sources 
of Fe can be the basalt, ferruginous breccia, and conglom-
erate that are abundant in the study area. V, Ti, and Ca are 
grouped together in G5, probably reflecting the presence of 
spilite and basalt in the area that contains titano-magnetite, 
pyroxene, and feldspars and to lesser amount might be due 
to presence of serpentinite.

From the presented geochemical data, it can be 
concluded that there is indication of robust geogenic 
control in the dispersion of the studied elements in the 
samples of the Rayat area. The strong correlation between 
Cu and Zn (Fig. 9c ) could be an indicator of sulphide 
mineralization in the area that occurred in the lower part 
of gossanite (Pirouei et al. 2021). A moderate to strong 
correlation between Fe and Cr can represent either 
their association in the ultramafic or the occurrence of 
chromitite in the area (Fig. 9d).

Validity of the determined background 
concentrations

The threshold values obtained by the three methods 
employed here show some differences. The background 
amount achieved by the methods shows a diminishing 
concentration order C-A > TIF > MAD (Tables s1, s3, 

Fig. 7  Geochemical distribution maps of (a) Ba, (b) Co, (c) Cr, and (d) Cu obtained by the concentration-area fractal method
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and s5). In general, the evaluation of the geochemical 
maps constructed by the three procedures gave almost 
the same results for the different elements. The main 
differences are described below:

Ba: the fractal method shows a strong anomaly, 
whereas the MAD method shows weak anomalies, and 
the TIF method does not show any anomalies.

Cr: MAD shows two sites of strong anomalies in the 
area, whereas the two other methods show one site of 
strong anomalies.

Cu and Ni: TIF and MAD methods show two strong 
anomalies in two places, whereas the fractal method 
shows only one.

Pb: fractal method reveals one region of the anomaly, 
but TIF shows one place with strong and another with 

weak anomalies, and the MAD method shows two strong 
anomalies with one weak anomaly.

V: MAD and fractal show strong anomalies whereas TIF 
does not show strong anomalies.

Zn: according to the MAD method, two strong anoma-
lies are indicated in the area, whereas fractal provides 
only one strong anomaly, and TIF shows two weak anom-
alies in the area.

The assessment of the three methods shows that the 
above differences do not affect the outcome significantly. 
The MAD procedure has been broadly debated in the 
literature (Reimann et al. 2005; Reimann and de Cari-
tat 2017). Background amounts resulted from the MAD 
method are widely expressed as representing the envi-
ronmental background (Reimann et al. 2005). The TIF 

Fig. 8  Geochemical distribution maps of (a) Ni, (b) Pb, (c) V, and (d) Zn obtained by the concentration-area fractal method

533   Page 14 of 18 Arab J Geosci (2022) 15: 533



1 3

method is suitable in projects, in which the numbers of 
outliers are less than 15% (Reimann et al. 2018), In this 
research, the number of outliers is less than 15%; thus, the 

usage of the TIF method is beneficial. Generally, utilizing 
the TIF method for initial class selection to demonstrate 
spatial data structure in a map has been confirmed to be 

Fig. 9  a R-type scatter plot of the 1st (FL1) vs. the 3rd (FL3) factor loadings; (b) regression analysis scatter plot of Cr vs. Ni; (c) regression 
analysis scatter plot of Cu vs. Zn; (d) regression analysis scatter plot of Fe2O3 vs. Cr; and (e) regression analysis scatter plot of Ni vs. Cu
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a reliable tool for recognizing the crucial geochemical 
processes behind a data distribution. Concentration-area 
(C-A) fractal method, as it considers the spatial distri-
bution of the elements besides their frequency, is widely 
used by researchers in recent years (Daya and Afzal 2015; 
Afzal et al. 2017; Ghezelbash et al. 2019). In this research, 
the fractal method shows different thresholds and conse-
quently different populations, somehow better than of clas-
sical methods for some elements of interest. For example, 
the classical methods that were used in this research did 
not show any strong anomalies for the barium, whereas 
the C-A method shows a strong anomaly of Ba in SE of 
the Rayat area.

Implications for mineral exploration and defining 
promising mineralization areas

The geochemical maps obtained in three locations 
in the broader Rayat area demonstrate the presence 
of high anomalies that can be an essential guide for 
the geochemical exploration of new ore deposits and 
economic significance for the development of the area. 
The occurrence of mafic and ultramafic rocks in the 
area (Mohammad 2009; Ismail et  al. 2009) might be 
associated with primary magmatic mineralizations. 
Additionally, listvenitization in the area (Pirouei et al. 
2020) is an indicator of hydrothermal activity that 
could lead to the occurrence of hydrothermal-related 
ore deposits in the Rayat area.

Anomalous concentrations of Cr, Ni, Cu, and Zn have 
been identified in the south of the Rayat area, where 
spatially are accompanied by the mafic and ultramafic 
rocks of the Walash group. These ultramafic rocks, com-
bined with the intense weathering, can be the source of 
the identified geochemical anomalies in the stream sedi-
ments, demonstrating possible evidence of chromium 
and Nickel ore deposits (Golightly 1981). Also, the co-
occurrence of Ba, Pb, Zn, Cu, and Co in the same area 
may indicate hydrothermal mineralization of sulphide 
ore deposits in the area (Pirouei et al. 2021). Vanadium 
also shows a strong anomaly in the area that also can be 
related to the ultramafic rocks and magnetite-hematite 
mineralizations of the area. Finally, by superimposing 
the geochemical maps, three promising areas (A, B, and 
C) for future investigation can be proposed, as shown 
in Fig. 10. Places A and B are promising areas for the 
exploration of Cr, Ni, Cu, Pb, Zn, and Ba. Place C is a 
promising area for the exploration of vanadium.

Conclusions

The geochemical study of stream sediments in the Rayat 
area, Iraqi Kurdistan by using classical and fractal meth-
ods, proved a powerful tool to delineate potential min-
eralization areas, particularly towards the south-south-
eastern of Rayat village. The main conclusions of this 
research are as follows:

Fig. 10  Promising areas (A, B, 
and C) for the next exploration 
projects
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1. The anomalies in the studied area can be correlated with 
the occurrence of Eocene–Oligocene intrusions, ophi-
olitic terrain, and volcanic rocks.

2. The main types of proved mineralizations include primary 
magmatic Cr-Fe-V, gossanite, and potential mineralizations 
that could be considered are supergene Cr-Ni–Fe, laterite, 
and VMS-related hydrothermal Cu-Pb–Zn sulphides.

3. The obtained data represent an initial knowledge-based 
effort for more versatile management of the natural 
resources of the Rayat area in the Kurdistan Region, 
Iraq.

4. According to both classical and C-A fractal methods, 
there are three main promising areas of anomalies for 
the next investigations. They are located in the NW, S, 
and SE of the Rayat village.

5. Based on the C-A log–log plots, it can be concluded that 
all studied elements show different levels of enrichment, 
i.e. mineralization and later dispersions.

6. The results of both classic and fractal methods dem-
onstrate that classic methods can still be used for geo-
chemical exploration purposes.
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