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Abstract 

This study aimed to investigate the risk of element / heavy metal pollution caused by listwaenitization. In this context, the heavy metal pollution 

risk of listwaenite-derived soils in the region where listwaenitized ultrabasic rocks are present as a result of hydrothermal alterations in the 

vicinity of Alakeçi (Bayramiç Çanakkale / Western Türkiye) was investigated with pollution index, geoaccumulation index and integrated 

pollution risk parameters. For this purpose, Cu, Zn, Pb element concentrations of 350 soil samples collected from the field were determined, and 

Pollution Index (PI) and Geo-accumulation Index (Igeo) parameters for each element and Integrated Pollution Index (IPI) parameters for each 

sampling point were calculated. In addition, distribution maps of PI, Igeo and IPI parameters were plotted. When the site is considered in terms 

of IPI parameter, it has been determined that the site has medium and high pollution risk. When the field is considered in terms of PI and Igeo 

parameters, a remarkable level of pollution has been detected in the field, especially by Ni, Co and As elements. When the distribution maps of 

the PI, Igeo and IPI parameters are examined, it has been determined that the pollution risk is higher than the other areas, especially in the areas 

where hydrothermal alteration is intense and in the tectonic line areas. Although listwaenitizations and listwaenite zones are important target 

areas especially for epithermal gold mineralizations, this study has shown that listwaenitization areas are also areas at risk of heavy metal 

pollution. Therefore, listwaenitization zones are areas that should be investigated in terms of heavy metal pollution risk as well as epithermal 

gold mineralization potentials. 

Keywords: Listwaenite / listwaenitization, heavy metal pollution, pollution Index (PI), integrated pollution index (IPI), geo-accumulation index 

(Igeo) 

1. Introduction

The concept of listwaenitization / listwaenite was first 

used for the Ural gold fields of Russia located in the 

Livtenya region [1–3]. Although the concept of 

listwaenite entered the literature a long time ago, the 

associated mineralization models are still controversial 

[1,4–7]. However, the concept of listwaenite has been 

accepted by many researchers and has been used in 

many studies [1,8–16]. Listwaenite is a hydrothermal 

alteration process and the end products of the process 

are soil zones developed over listwaenitization zones 

[6,17,18]. Although listwaenitization zones are the 

subject of mineral exploration, they are also products of 

hydrothermal alteration, and as a result of alteration, 

some elements are enriched in the environment, while 

others are depleted. When evaluated in this context, the 

listwaenitization zones and the soil developments in 

these zones may be exposed to metal enrichment / 

pollution. Metal enrichment in soils started to attract the 

attention of the society especially after the second 

quarter of the last century and many studies were 

carried out for this purpose [19–21]. Heavy metal 

pollution has many negative effects not only in the soil, 

but also in the aquatic environment, together with the 

food chain, and therefore on human health. [22,23].  

The aim of this study is to investigate the risk of 

heavy metal pollution in developed soils over the 

Alakeçi (Bayramiç / Çanakkale - Western Türkiye) 

listwaenitization occurrences. Soil samples collected 

from the field for mineral exploration purposes in the 

past [2,22] were evaluated in terms of heavy metal 

pollution risk by using different pollution parameters in 

this study.  

https://doi.org/10.51435/turkjac.1190831
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2. Material and methods 

2.1. Geological characteristics of the area 

In the Biga peninsula, within the borders of Bayramiç 

(Çanakkale-Türkiye) Alakeçi village and its vicinity, a 

listwaenitization development of approximately 1 km² is 

observed within the Alakeçi mylonitic zone [2,22,24]. 

The basement rocks of the region are Sakarya Zone, 

Ayvacık-Karabiga Zone and Ezine Zone from southeast 

to northwest [24]. 

In the study area, Kazdağ Group metamorphics 

(consisting of gneiss, amphibolite, and marbles) 

(Sakarya Zone), ophiolitic mélange (Ayvacık-Karabiga 

Zone) and mylonitic gneiss unit and meta serpentinites 

(These two units are called Alakeçi Mylonitic zone) 

developed between these two zones are observed. All 

these units are cut by Tertiary magmatic rocks and 

covered by Tertiary volcanic and sedimentary rocks  

(Fig. 1 and 2a). The Alakeçi Mylonitic Zone formed 

between the ophiolitic mélange and the Kazdağ Group 

is in east-northeast orientation in accordance with the 

main foliation of the Kazdağ Group [24]. Along this 

zone, 1.5–2 km long and approximately 400–500 meters 

wide, a listwaenite zone extends in the northwest-

southeast direction and is interrupted by strike-slip 

faults in the northeast-southwest direction. (Fig. 1 and 

2a). Listwaenite zone consists mainly of Fe-Mg 

carbonate, quartz, and fuchsite (mica mineral). These 

minerals are accompanied by scattered chromite and 

lesser amounts of pyrites. Listwaenite zone is covered 

with medium-well developed soil derived from 

listwaenites.  

2.2.  Sampling and analytical procedure 

The study was carried out on 350 soil samples collected 

from the listvenite zone and its vicinity, and the 

sampling and analytical procedure of the study are given 

in detail in the studies of [2] and [1]. Soil samples were 

taken from the B profile of the soil zone and from 

approximately 15–30 cm depths, from grid points 

equally spaced across the field. (Fig. 1, 2a). The collected 

samples were sifted through an 80 mesh sieve in 

accordance with routine sample preparation procedures 

[25], dried in an oven at 60 C for 24 hours to remove 

their natural moisture and analyzed by flame atomic 

absorption spectrometry (FAAS) for As, Sb, Cu, Pb, Zn, 

Ni and Co in at the General Directorate of Mineral 

Research and Exploration (MTA) Laboratory (Ankara-

Türkiye). In the MTA Analysis, Technology and 

Calibration Laboratories, service is provided at the level 

and quality that meets the requirements of the TS EN ISO 

/ IEC 17025 Standard, in accordance with the impartiality 

and confidentiality statements. MTA laboratory 

processes and MTA laboratory standards were used in 

the analytical procedures.  

The method's accuracy has been proven by the 

analysis of standard reference materials. It was 

determined by the t-test that there was no statistically 

significant difference between the results obtained and 

the results were quite satisfactory (p ≤ 0.05)[26]. The 

precision of the method was evaluated with the relative 

standard deviation (RSD). RSD values for the studied 

elements were calculated to be between %1.2 (for Mo) 

and 3.2% (for Mo).  

 
Figure 1. Geology of the study area and sampling map [1,2] 

 

Table 1. Descriptive statistics of elements in soil samples 

  

Number* Upper crust 

value ** 
Mean Median 

Geometric 

Mean 
Minimum Maximum 

Standard 

deviation 

Cu 342 28 38.3 33.0 32.9 10 265 29.1 

Pb 340 17 24.4 20.0 22.3 10 90 10.4 

Zn 342 67 64.2 55.0 58.3 15 545 38.8 

As 325 4.8 93.3 50.0 61.4 5 800 86.1 

Sb 220 0.4 4.8 4.0 3.5 2 60 6.2 

Ni 340 47 1517.3 1250.0 916.5 10 6300 1271.1 

Co 338 17.3 104.2 80.0 78.4 15 1255 98.1 

* It represents the number of samples measured above the detection limit for the element under investigation 

** Upper crust element concentrations from [33] 
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2.3. Evaluation of the data 

Statistical and spatial statistical evaluation of all data 

was evaluated with IBM SPSS 21 and ArcMap 10.8, 

respectively. Descriptive statistics and correlation 

coefficients of data belonging to 7 elements are given in 

Tables 1 and 2 respectively.  

Many different pollution parameters are used in the 

evaluation of heavy metal pollution [19]. In this study, 

Pollution Index (PI), Integrated Pollution Index (IPI) and 

Geo-accumulation Index (Igeo) parameters, which are 

the most well-known ones, were used to investigate 

heavy metal pollution in soils. The Pollution Index (PI) 

and the Integrated Pollution Index (IPI) are also widely 

used to assess media quality [27–31]. PI is obtained by 

dividing the element concentration in the soil with the 

average values in the upper crust and / or the earth's soil. 

In this study, PI was calculated for each element and 

classified as low (PI ≤ 1), medium (1 < PI ≤ 3), or high     

(PI > 3). IPI is obtained by calculating the geometric mean 

of the PI measurements of the relevant point for each 

element examined, and the results are classified as low 

(IPI ≤ 1), medium (1 < IPI ≤ 2) and high risk (IPI > 2) [27].  

Igeo was first proposed by [32] to compare pre-

industrial and current heavy metal concentrations and is 

calculated by the following formula:  

Igeo = log2Cn/1.5Bn 

In the formula, Cn corresponds to the element 

concentration in the sample studied, and Bn corresponds 

to the average value in the upper crust / earth soil for the 

same element. In this study, upper crustal averages from 

[33] were used. A coefficient of 1.5 was proposed by [32] 

to balance possible effects on soils. [32] divided the Igeo 

parameter into seven classes between 0 – 6. According to 

this; 

< 0 = practically uncontaminated 

0 – 1 = uncontaminated to moderately contaminated 

1 – 2 = moderately contaminated 

2 – 3 = moderately to strongly contaminated 

3 – 4 = strongly contaminated 

4 – 5 = strongly to extremely contaminated and  

> 5 = extremely contaminated 

3. Results and discussion 

3.1. Statistical evaluation of the data  

Table 1 presents the descriptive statistics of the 7 

elements in the soil (mean, median, geometric mean, 

minimum, maximum and standard deviation). 

Elemental concentrations in soil are 10–265 ppm, 10–90 

ppm; 15–545 ppm; 5–800 ppm; 2–60 ppm, 10 to 6300, and 

15–1255 ppm for Cu, Pb, Zn, As, Sb, Ni and Co, 

respectively. The resulting concentrations generally 

exceed the expected upper crust values and 

uncontaminated soil values. The high concentrations at 

the sampling points are thought to be due to the 

Listwaenitization of ultramafic rocks because of 

hydrothermal alteration and metasomatism processes. 

The fact that the standard deviation values are different 

and larger than zero indicate that the sample 

populations deviate from the normal distribution, that is, 

there is a metal enrichment in the field. The 

environmental effects of element enrichment are 

discussed below with relevant pollution parameters.  

Correlation coefficients were calculated (p ≤ 0.05 and 

p ≤ 0.01) in order to understand the co-behavior 

tendencies of the elements in the soil, and the multi-

element correlation coefficients in the soil samples are 

given in Table 2. Considering the multi-element 

correlation coefficients calculated for the elements, a 

positive significant relationship was found between Cu 

and Zn (0.75), between Sb and As (0.65), and between Ni 

and Co (0.73). The correlations detected between the 

elements were also found to be compatible with the 

behavioral associations of the elements. 

3.2. Evaluation of the site with pollution parameters 

Different assumptions can be used to calculate the IPI 

values of sampling points. For example, different IPI 

values are calculated for the elements related to each 

other by calculating the correlation coefficients, and IPI 

values are also calculated by considering the elements 

within the same factors by performing factor analysis for 

the examined elements, so that IPI values depending on 

the factors affecting the pollution in the researched area 

are determined. But, in this study, the IPI values of the 

sampling points were calculated by considering all the 

investigated elements / heavy metals. 

Considering the IPI values calculated for the area, it 

has been determined that most of the sampling points in 

the area have a high risk of pollution, while relatively 

few sampling points have moderate pollution (Fig. 2b).  

When the site was evaluated in terms of Cu according 

to the PI index, moderate pollution was detected in a 

significant part of the sampling points (Fig. 2c). Due to 

intense alteration, especially in areas close to tectonic 

Table 2.  Correlation coefficients of the elements 

 Cu Pb Zn As Sb Ni Co 

Cu 1       

Pb 0.42 1      

Zn 0.75 0.44 1     

As -0.03 0.05 0.08 1    

Sb 0.08 0.06 0.12 0.65 1   

Ni -0.26 -0.10 -0.01 0.36 0.18 1  

Co -0.19 -0.03 0.02 0.37 0.20 0.73 1 
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Figure 2. a) Study site geology map; b) Study site IPI dot map; c) PI Cu 

dot map; d) Igeo Cu dot map (See Fig. 1 for Figure explanation) 

lines, high pollution, albeit limited, has been 

determined. Considering the Igeo index for copper, most 

of the site is practically uncontaminated, while the 

second plurality of sampling points falls into the 

uncontaminated to moderately polluted class. A small 

number of sampling points are in the moderately 

polluted class and a very small sampling point is in the 

moderate to severely polluted class (Fig. 2d).  

When the site is evaluated with the PI parameter in 

terms of Pb element, it is seen that most of the sampling 

points are at the medium pollution level (Fig. 3a). High 

pollution was detected at only a few sampling points. 

When the site is evaluated with the Igeo index for Pb, 

most sampling points fall into the practically 

uncontaminated class, while a significant portion of the 

sampling points are in the uncontaminated to 

moderately polluted class. Only a few sampling points 

are moderately contaminated (Fig. 3b).  

When the site is evaluated according to the PI index in 

terms of Zn, the southern part of the listwaenite zone is 

mostly observed in the medium pollution class, while 

the pollution level is mostly in the low class except for a 

few sampling points (Fig 3c). There is high pollution at 

 
Figure 3. a) PI Pb dot map; b) Igeo Pb dot map; c) PI Zn dot map; d) 

Igeo Zn dot map (See Fig. 1 for Figure explanations) 

only 3 points associated with tectonic lines, and when 

the site is evaluated in terms of Igeo index, most of the 

site is in the practically unpolluted class, while a small 

number of sampling points are in the unpolluted to 

moderately polluted class (Fig 3d). Moderate pollution 

was determined at 2 sampling points and moderate to 

severely polluted class at one sampling point. 

According to the PI parameter, the site is in the high 

pollution class in terms of arsenic (As) at many sampling 

points. It is seen that very few sampling points are in the 

medium pollution class (Fig. 4a). When the site is 

evaluated with the Igeo parameter for As, very few 

sampling points are in the practically uncontaminated 

class, with a few sampling points falling into the 

uncontaminated to moderately polluted class. Most of 

the sampling points fall into strongly to extremely 

contaminated class and extremely contaminated. A few 

sampling points are in the extremely contaminated class 

(Fig. 4b). In the light of these data, it has been determined 

that the site is remarkable in terms of pollution in terms 

of arsenic, and it is recommended to conduct a more 

detailed multi-purpose investigation in the area. 
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Figure 4. a) PI As dot map; b) Igeo As dot map; c) PI Sb dot map; d) 

Igeo Sb dot map (See Fig. 1 for Figure explanations) 

When the study area is examined in terms of 

antimony, although the Sb was detected above the 

detection limit in fewer sampling points than the other 

elements, all sampling points are at high pollution level 

according to the PI parameter (Fig. 4c). When the Sb 

values in the field are evaluated with the Igeo parameter, 

most of the sampling points are in the moderately 

polluted class, while the remaining sampling points are 

respectively in the medium-strongly polluted, strongly 

polluted, and strongly-extremely polluted class (Fig. 4d). 

For Sb, only 5–6 sampling points are in the extremely 

polluted class. 

When the site was evaluated with the PI index in 

terms of Ni element, high Ni pollution was detected at 

the points other than very few sampling points (Fig. 5a). 

Moderate contamination was detected at only a few 

sampling points. When the field is examined for Ni 

element in terms of Igeo parameter, it is determined that 

only a few sampling points are in the practically 

uncontaminated class and many sampling points in the 

south of the field fall into the extremely contaminated 

class (Fig. 5b). Other sampling points fall into the 

strongly to extremely contaminated class.  

 
Figure 5. a) PI Ni dot map; b) Igeo Ni dot map; c) PI Co dot map; d) 

Igeo Co dot map (See Fig. 1 for Figure explanations) 

When the study area is evaluated with the PI 

parameter in terms of Co, approximately 80% of the 

sampling point falls into the high pollution class. Only a 

few sampling points are in the low pollution class and 

about 15% of the sampling points are in the medium  

pollution class (Fig. 5c). When the field soils were 

evaluated with the Igeo parameter for Co contamination, 

it was determined that many of the sampling points were 

in the moderately polluted class and approximately 25% 

and 15% of the sampling points were moderately to 

strongly contaminated and strongly contaminated, 

respectively. Only 1–2 sampling points were found to be 

strongly to extremely contaminated and extremely 

contaminated (Fig. 5d). 

3.3. Pollution parameters distribution maps  

It was predicted that it would be useful to prepare 

distribution maps of pollution parameters for better 

evaluation of heavy metal pollution in the region, and 

thus distribution maps for PI, Igeo and IPI parameters of 

the listwaenite field were plotted. There are many 

methods in the plotting of distribution maps in spatial 

statistics studies. Considering the field conditions, the 

Kriging method was preferred for the study area.          

The Kriging   method   was   first proposed by   [34]   and  
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Figure 6. a) Distribution map of PI for Cu; b) Distribution map for Igeo 

of Cu; c) Distribution map of PI for Pb; d) Distribution map of Igeo for 

Pb (See Fig. 1 for Figure explanations) 

developed by [35,36] and is widely used in spatial 

geostatistical interpolation studies. Kriging method is a  

flexible method that can be adjusted according to the 

situation by considering many parameters. It attempts to 

estimate unsampled point values using the information 

underlying the areal autocorrelation provided by the 

semi-variograms to find the most appropriate weighting 

sets to predict points and surfaces at sampling points. 

Because the semi-variogram is a function of distance, the 

weights vary according to the spatial distribution of the 

samples. Low weights are assigned to distant samples 

and higher weights are assigned to nearby samples. The 

Kriging method also considers the relative positions of 

the samples with respect to each other. Ordinary Kriging 

is the most reliable and can be easily used for many 

datasets. Although the transitions of the contours are 

smoother and more aesthetic in the Simple Kriging 

method, it is relatively less reliable. The Universal 

Kriging method, on the other hand, requires experience 

as well as having more data about the field. Considering 

all these data, Ordinary Kriging method was used to plot 

distribution  maps  of  pollution  parameters  in the area.  

 
Figure 7. a) Distribution map of PI for Zn; b) Distribution map of Igeo 

for Zn; c) Distribution map of PI for As; d) Distribution map of Igeo for 

As (See Fig. 1 for Figure explanations) 

Cross validation is used to investigate the accuracy of 

Kriging methods and to evaluate the performance of 

models used on the Kriging surface. In the studies 

carried out by many researchers, it has been seen that 

Kriging and Inverse Distance Weighting methods give 

the best performance in the studies where the number of 

points is not frequent and irregular sampling is 

performed, although most of the interpolation 

techniques give results close to each other and with high 

accuracy in regions with frequent sampling [37–46]. In 

this study, sampling points were organized regularly 

and frequently for heavy metals, distribution maps of PI, 

Igeo, and IPI parameters were plotted using the 

Ordinary Kriging and Constant method (Figs. 6–9). 

When the PI distribution map of the copper element 

is examined (Fig. 6a), it is seen that a small part of the 

study area (Karaçam hill and its surroundings) shows 

low pollution, while a significant part of the area has 

medium pollution. It is seen that the immediate 

surroundings of the faulted contact separating the 

Kazdağ metamorphics and mylonitic gneiss have a    

high pollution risk. When the Igeo distribution map        

of Cu is examined, it is seen that most of the area is in the  
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Figure 8. a) Distribution map of PI for Sb b) Distribution map of Igeo 

for Sb c) Distribution map of PI for Ni d) Distribution map of Igeo for 

Ni (See Fig. 1 for Figure explanations) 

practically uncontaminated class, the southwestern part 

of the listwaenite zone, especially the part bordering the 

Kazdağ Group metamorphics, falls into the 

uncontaminated to moderately contaminated class, and  

the section with the fault contact separating the 

mylonitic gneiss and Kazdağ metamorphics is in the 

moderately contaminated class (Fig. 6b). This area 

partially coincides with the area falling into the high 

pollution risk class according to the PI parameter. When 

the PI distribution map for Pb is examined, the whole 

area is in the moderately polluted class (Fig. 6c). 

According to the distribution map of the Igeo parameter 

for Pb, it is seen that the sections with fault lines and 

relatively more severe alteration (northwest, southeast 

and middle part of the site) fall into the uncontaminated 

to moderately contaminated class. (Fig. 6d). According 

to the Igeo parameter, the areas remaining in the 

unpolluted to moderately polluted class for Cu and Pb 

are relatively overlapping areas (Fig. 6b and Fig. 6d). 

When the PI distribution map for the Zn was 

examined, it was seen that a small area in the northwest 

and southeast of the field showed a medium pollution 

risk, while  the  rest  had  a  low  pollution  risk  (Fig. 7a). 

 
Figure 9. a) Distribution map of PI for Co, b) Distribution map of Igeo 

for Co, c) IPI distribution map for heavy metals (See Fig. 1 for Figure 

explanations) 

According to the Igeo parameter for Zn, the distribution 

map shows that the limited areas in the southeast of 

Karaçam hill and east-southeast of Kızıcabayır hill are in  

the uncontaminated to moderately contaminated class, 

and the rest is in the practically uncontaminated class 

(Fig. 7b). According to the arsenic PI distribution map, 

the entire area shows a remarkably high pollution risk 

(Fig. 7c). According to the distribution map of the Igeo 

parameter, small areas in the northwest of the area and 

in the northwest of Karaçam hill fall into the moderately 

polluted class, while a significant part of the field falls 

into the moderately to strong polluted class and strongly 

polluted class. An area in the northwest of Kızılcabayır 

hill is classified as strongly to extremely polluted. 

Considering the PI and Igeo parameters for the field 

together, it is thought that it would be beneficial to study 

the field in more detail in terms of arsenic, both in soil 

and aquatic environments and in medical geology 

perspectives. 

When the area was evaluated in terms of Sb, it was 

seen that the whole area fell into the high pollution risk 

class according to the PI distribution map (Fig. 8a). 

According to the distribution map of the Igeo parameter, 
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the field falls into the classes between moderately 

polluted and strongly polluted, and most of the field is 

in the moderately to strongly polluted class (Fig. 8b). 

When the field is examined in terms of Ni, almost all the 

field falls into the highly polluted class in the PI 

distribution map, while a very small portion falls into the 

moderate pollution risk class (Fig. 8c). According to the 

Igeo distribution map, very few parts of the area are in 

the practically unpolluted class, while the rest of the field 

falls between the moderately polluted and extremely 

polluted class. These remarkable pollution values 

observed in terms of Ni are related to the fact that the 

main rocks in the area are ultrabasic rocks in origin and 

the Ni element is not separated from the environment 

much and enriched in situ with the effect of lateritic 

processes. Especially since tectonic lines allow the 

movement of fluids, Ni pollution parameters are high in 

these areas (Fig. 8d).  

When the Co PI distribution map is examined, it is 

determined that there is a medium pollution risk in small 

areas in the areas where listwaenite is bordered in other 

rocks, and a high pollution risk in the remaining section. 

In the Igeo distribution map, a very small part 

(northwest of the field, also southeast of Karaçam hill) is 

practically unpolluted, while most of the field is 

moderately polluted. Particularly in some parts close to 

tectonic lines, moderately to strongly polluted class was 

observed (Fig. 9b). To the west of Kızılcabayır hill, there 

is an area that falls into the strongly polluted class. This 

area also partially overlaps with the Ni Igeo distribution 

map (Fig. 8d and Fig. 9b). This overlap is due to the 

similarity of the geochemical behavior characteristics of 

Ni and Co elements. 

When the IPI distribution map of the study area is 

examined, it is seen that the entire area is in the highly 

polluted class (Fig. 9c). Therefore, the risk of heavy metal 

pollution caused by listwaenitization in the area was also 

confirmed by the IPI parameter. The IPI distribution 

map also confirms the need for more detailed 

investigation of the behavior and environmental effects 

of the elements in the field. 

4. Conclusions 

The listwaenitization process, which is especially 

important for gold mineralization in terms of spatial and 

temporal, is also an enrichment for certain elements, in 

other words, it is a suitable environment for natural 

element pollution in relation to the hydrothermal events 

it is exposed to. Although there have been limited 

studies on the gold mineralization potential of the 

Alakeçi listwaenite field, there has been no study on the 

element / heavy metal pollution of the listwaenite in the 

area. In this study, Cu, Pb, Zn, As, Sb, Ni and Co    

element concentrations of listwaenite-derived soils at 

Alakeçi listwaenite zone (Bayramiç / Çanakkale / 

Western Türkiye) were determined using flame atomic 

absorption spectrometry and the area was investigated 

in terms of heavy metal pollution with the help of PI, IPI 

and Igeo parameters, which are the most used in the 

evaluation of heavy metal pollution in soils. In addition, 

distribution maps of PI, Igeo and IPI parameters 

calculated for each element were plotted with the 

ordinary kriging constant method. As a result of the data 

obtained, it has been determined that there is a risk of  

pollution in the field in terms of PI and Igeo parameters, 

especially in the context of Ni, Co and As. Considering 

the IPI parameter, it has been determined that some of 

the sampling points in the field have a medium pollution 

risk, while many of the sampling points have a high 

pollution risk. When the distribution maps of the 

pollution parameters of the investigated elements are 

examined, it is seen that the pollution areas overlap in 

general, although the PI and Igeo pollution 

classifications of the elements differ. It has been 

determined that the areas showing pollution risk in the 

field correspond to tectonic lines and intense 

hydrothermal alteration areas. Element / heavy metal 

pollution caused by listwaenitization in the field poses 

risks both for terrestrial and aquatic environments and 

for human health through the food chain, especially in 

terms of As, Co and Ni. Therefore, it will be useful to 

carry out detailed research for environmental and 

medical geological purposes in the listwaenitization 

area.  
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