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Abstract

The aim of this study is to investigate the element accumulation capability of sessile oak trees, specifically focusing on their ability and
characteristics to accumulate trace elements in the context of plants/trees in alteration zones. The Canca hydrothermal alteration zone
(Gumtigshane, Ttirkiye) is located in Giimiishane, one of Tiirkiye’s significant mining provinces, which hosts numerous mineralizations. The area
has been subjected to intense hydrothermal alteration, making it particularly notable for signs of precious and base metal mineralization. Sessile
oak (Quercus petraea L.) leaves were collected from the Canca hydrothermal alteration zone, and their analyses were conducted using an ICP-MS
device. The trace element concentrations in the oak leaves were evaluated geostatistically, and the element distributions in the Canca area were
examined using element distribution maps created by spatial geostatistical methods. When the findings were collectively evaluated, it was
determined that the trace element contents in the sessile oak leaves were generally higher than normal element contents, associated with the
alteration in the area. Notably, a more significant enrichment of Mo (from 0.05 to 5.47 ppm, with a median value of 0.71 ppm), Cu (from 2.85 to
14.64 ppm, with a median value of 5.97 ppm) As (from 0.01 to 1.36 ppm, with a median value of 0.14 ppm), Zn (from 7.37 to 52.53 ppm, with a
median value of 19.15 ppm) and Pb (from 0.29 to 2.23 ppm, with a median value of 0.83 ppm) elements was found to be related to the alteration.
In addition, a slight enrichment by other elements (Cr, Mn, Co, Ni, Sb and Ba) has been detected. As a result, this study contributes to the related
literature by elucidating the elemental accumulation pattern and alteration relationship of sessile oak leaves grown in the alteration zone
associated with mineralization.
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1. Introduction

The geochemical properties of elements and their studies have yielded satisfactory results. Such

mobility in different environments are among the many
factors influencing element accumulation in plants [1-5].
Therefore, the use of plants for geochemical prospecting
in mineral exploration began in the 1950s, yielding
satisfactory  results these studies. Such
biogeochemical studies contributed to the
discovery of many mineral deposits during that period.

from
have

Today, exploration geochemistry continues to utilize the
element accumulation capabilities of plants.

The geochemical properties of elements, along with
various physicochemical factors such as pH and Eh, and
their mobility in different environments, significantly
influence element accumulation in plants [2,6,7].
Therefore, the use of plants for geochemical prospecting
in mineral exploration began in the 1950s, and these

biogeochemical studies contributed to the discovery of
many mineral deposits during that period. Today,
exploration geochemistry continues to benefit from the
element accumulation capabilities of plants.

The Giimiishane region has been the site of numerous
mining activities since ancient times [8]. During the
Republic period, exploration efforts in the region led to
the discovery of many mineral deposits, which were
subsequently developed for the national economy
through the efforts of both the private sector and public
institutions such as the General Directorate of Mineral
and Exploration (MTA). The
(Glimiishane, Tiirkiye) hydrothermal alteration zone,
where the oak leaves were collected (Fig. 1), is part of the
Eastern Black Sea Tectonic Belt, which forms a section of
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the 6000 km long metallogenic belt extending from the
Balkans to the Himalayas [9,10].

The region, situated at the transition between the
Black Sea Climate and Continental climate, boasts a rich
diversity of flora. Considering the mining potential of
the region and its diverse plant life, it is evident that
phytogeochemical studies conducted in the area would
significantly contribute to mineral exploration efforts.
Such studies are also crucial for investigating the
element accumulation capabilities of plants in
hydrothermal alteration and mineralization areas.
Therefore, the Canca hydrothermal alteration zone,
characterized by intense hydrothermal alteration and a
dense sessile oak (Quercus petraea L.) forest, was selected
as the target area for this study. A
biogeochemistry/phytogeochemical study

conducted in the area to examine the relationship

was
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between the element accumulation capability of oak
trees and hydrothermal alteration.

2. Materials and methods

2.1. Geological and Geographical Characteristics of
the Region
The Canca hydrothermal alteration zone exhibits a
rugged topography characterized by deep valleys and
high peaks because of its geological and geotectonic
history. The region experiences a transitional climate
between a continental climate, characterized by hot and
dry summers, and a Black Sea climate, characterized by
cold and snowy winters.

The Canca area has been subjected to intense
hydrothermal alteration due to the influence of Upper
Cretaceous-Eocene magmatism. Considering the study
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Figure 1. Geological and alteration map of the Canca (Giimiishane, Tiirkiye) field [3]
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area and its immediate surroundings, the primary rocks
of the region consist of metamorphic rocks of the Eastern
Black Sea Tectonic Belt and unmetamorphosed granitic
plutons intruding them [11-13]. These primary rocks are
unconformably cut by Early-Middle Jurassic
volcaniclastic rocks (Zimonkdy Formation) [14]. The
Zimonkoy Formation, in turn, is overlain by Late
Jurassic-Early Cretaceous carbonate rocks (Berdiga
Formation) [15]. The Berdiga Formation is covered by
the Late Cretaceous Kermutdere Formation [16]. All of
these units are intruded by Late Cretaceous intrusions
on the northwest and southwest sides of Giimiishane,
near Torul [17,18]. In different locations northeast and
southwest of Gilimiishane, Late Cretaceous volcanics
overlay the formations. The Late Cretaceous
sedimentary/volcanic/volcano-clastic units are overlain
by Eocene volcanic and volcano-clastic units and
intruded by coeval granitic rocks [9,19-22].

In the Canca area, the oldest unit is composed of Eocene
volcano-clastic rocks (Fig. 1) [23]. These rocks have
undergone hydrothermal alteration. The
alteration in the area is predominantly characterized by
argillic and phyllic alteration, and as a result of

intense

alteration, a well-developed soil cover of grayish, light
brown podzolic type is commonly observed on the
surface [4,24]. The youngest units in the region consist of
recent travertine, alluvium, and slope debris [25].

2.2.Sample collection, analysis processes, and data
evaluation

Sampling was conducted using sessile oak leaves due to
the dense oak forest observed in the Canca hydrothermal
alteration zone for biogeochemical purposes. A total of
226 plant samples were collected. Sample collection took
place within the months of June and July in 2014, and the
details of the sampling and analysis processes are
provided in in Vural [3].

The analyses of oak leaves were carried out at the
Central Laboratory of Giimiishane University using an
ICP-MS device (Agilent 7700x ICP-MS, Santa Clara,
California, USA). Many elements were measured in
sessile oak leaves as part of a project, however, this study
focused on Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Mo, Cd,
Sb, Ba, and Pb.

All the chemicals used were analytical reagent grade
and were bought from Merck (Darmstadt, Germany).
Standard were prepared to
calibration graphs in ICP-MS by diluting the stock
solution with 1000 mg/L concentrations of each metal in
appropriate proportions. Polypropylene bottles were
used to store standard solutions. Before usage, the vials
were immersed in 10% nitric acid overnight, washed
with ultrapure water, and finally dried.

solutions construct
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The sessile oak leaves were ground into powder.
Approximately 0.5 g of the powder samples were
weighed and placed in Teflon vessels in a high-pressure
and closed-coated microwave oven (Sineo MDS-8,
Shanghai, China). After 7 mL of HNOs and 3 mL of H20:
were added to the beakers, the contents were digested
for approximately 30 minutes. Completely solubilized
limpid solutions were finally quantitatively made up to
50 mL with distilled/deionized water and analyzed for
the metals they contained by ICP-MS (Inductively
Plasma — Mass Spectrometer) and MP-AES (Microwave
Plasma - Atomic Emission Spekctrometer). Metal
concentrations measured in mg/L units in the devices
were then converted to mg/kg (ppm) units with Formula
1[26,27].

, CXV XS
Concentration (mg/kg, ppm) = — (1)

Where, C is the mg/L concentration value measured
in aqueous solution in the devices, V is the final volume
(mL) completed after microwave solubilization, m is the
weighed sample mass (g), and S is the dilution
coefficient.

Accuracy/precision tests for the analyses were
conducted according to relevant analysis procedures. To
test the accuracy of the measurement method, standards
of known concentrations were added to the samples at
three consecutive levels. Concentrations of spiked
samples were measured again by ICP-MS. Recovery
percentages for added standard concentrations were
calculated from the differences between the
measurement results of the sample with spiked standard
and the measurement results of the original sample
without spiked standard. Spiked/recovery test results
were between 92.8-108.0% satisfactory for all metals.

Another accuracy test was conducted by analyzing a
certified reference material. The certified results and the
measurements taken in this study with ICP-MS were
found to be in very good agreement.

Relative standard deviations (RSD) were evaluated
for the precision of metal measurements by ICP-MS. The
standard deviation of each metal was divided by its
average, and the result was multiplied by 100 to calculate
the percent RSDs. From the results obtained, it was
observed that RSD values varied between 0.7 and 2.8%.

Descriptive statistical
concentrations were calculated, and the distribution
characteristics of the concentrations were attempted to
be understood through statistical methods. Since the
element contents of oak leaves did not follow a perfect
normal distribution, average element concentrations
were determined considering median values in an effort
to reduce the influence of outliers. Threshold values for

parameters for element
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Table 1. The instrumental conditions used for XRD analyses

Anode Cu (CuKa =1.541871 A)
Filter Ni

Voltage 35kV
Goniometer Speed 2°/minute

Paper Speed 2 cm/min
Sensitivity 4.102

Time Constant 1sn

Slits 1°-0.1mm-1°

Paper Interval TK 20 =2-70°, KF 20 =2-40°

the elements were determined by adding 2 median
absolute deviations (MAD) to the median values [4]. To
examine the effect of alteration on oak
XRD
considering the alteration patterns in the field, aiming to
characterize mineral assemblages typical of alteration
suites. XRD analyses were performed at the Mineralogy
Petrography Service of the General Directorate of
Mineral Analysis and Technology of the MTA. The
instrumental conditions used for XRD examinations are
summarized in Table 1. In XRD studies, predominantly
soil samples, and a small amount of altered rock samples
have been used.

element

accumulation, analyses were conducted

3. Results

When evaluating the element concentrations in sessile
oak leaves (Cd and Sb in ppb, others in ppm), it was
found that Cr concentrations ranged from 0.21 to 8.4
ppm, with a median value of 1.86 ppm. Similarly, Mn
ranged from 13.6 to 1374.2 ppm (median: 162.8 ppm), Fe
from 50.19 to 990.05 ppm (median: 317.6), Co from 0.05
to 0.89 ppm (median: 0.15 ppm), Ni from 0.33 to 8.75
ppm (median: 2.77 ppm), Cu from 2.85 to 14.64 ppm
(median: 5.97 ppm), Zn from 7.37 to 52.53 ppm (median:
19.15 ppm), As from 0.01 to 1.36 ppm (median: 0.14
ppm), Mo from 0.05 to 5.47 ppm (median: 0.71 ppm), Cd
from 6.84 to 249.5 ppb (median: 30.21 ppb), Sb from 10.96
to 2364 ppb (median: 95.1 ppb), Ba from 11.5 to 387.34
ppm (median: 113.35 ppm), and Pb from 0.29 t0 2.23 ppm
(median: 0.83 ppm) [4]. Compared to the literature data
from samples collected in areas unaffected by
hydrothermal alteration, these concentrations indicate
an enrichment in especially Cr, Mn, Co, Ni, Cu, Zn, As,
Mo, Sb, Ba, and Pb [3,28].

Based on XRD data and field observations, three
types of alteration have been identified in the area:
silicification, characterized by pervasive sericitization
and pyritization, accompanied by hematite and limonite
formations (silicification - phyllic alteration) (Fig. 1 and
Fig. 2); argillic alteration, which includes kaolinite, illite,
smectite, and alunite (Fig. 1 and Fig. 3). The argillic
alteration surrounds the silicified zones and is
widespread throughout the field. Silicification is
predominantly associated with tectonic lines and
fractures, observed

Turk J Anal Chem, 6(2), 2024, 61-70

€s32-1

TITON

2000

(Quartz)

Counts

1000 |

(Kaolinite)

<
=

(Feldspar group minerals)

705173 (A]

= 137335 N

30 40
Position [*2Theta]

Figure 2. XRD pattern of the silicification-phyllic alteration zone

[ Cs-14-1

1500

1000 —

Counts

group mineral|montmorillonite|)

e

1544843 (A] (Smectite group mineral[montmorillonite

500 -

718690 (4] (Kaolinite)

Wb

%
& 137461 4

Amorphous matter

B REREES T T R = T

10 20 % 40 50 60
Position [°2Theta]

1%

Figure 3. XRD patterns of the zones with intense argillic alteration

[plagioclase])

ip mineral)

(Analsim)

Z

153974 (A]
49787 [A)

138437 A

1457 (A

"
WAl 3 N |
T, ""-W.l.‘.-.p..q; ,a“‘" " \_1‘“ "‘\‘ N \“‘ ¥

Amorphous matter

A | 1 K1
Tnaatr sy M A

| R I ’ I vl T it
10 20 % 40 50 60
Position [°2Theta

Figure 4. XRD patterns of the propylitic alteration areas

mainly in the western and eastern parts of the area in the
phyllic zones (Fig. 1 and Fig 4). These silicified zones are
primarily developed due to hydrothermal effects and are
influenced by plutonic processes, indicating that
mineralizations are likely to develop in these alteration
zones.

Argillic  alteration predominantly
influenced by weathering, developing supergene and

indicating lower temperature effects, transitioning to

areas are
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Table 2. Correlation coefficients (Spearman's rho) between elements in sessile oak leaves

Cr Mn Fe Co Ni Cu As Sr Mo Cd Sb Ba Pb
Cr 1.000
Mn 0.380 1.000
Fe 0.964 0.412 1.000
Co 0.662 0.589 0.698 1.000
Ni 0.518 0.659 0.475 0.544 1.000
Cu 0.602 0.045 0.641 0.452 0.136 1.000
Zn 0.250 -0.007  0.286 0.235 -0.047  0.677 1.000
As 0.627 0.176 0.782 0.482 0.070 0.588 0.325 1.000
Sr 0.384 -0.065 0.497 0.245 0.063 0.586 0.332 0.632 1.000
Mo 0.735 0.208 0.816 0.484 0.187 0.639 0.312 0.846 0.707  1.000
Cd 0.176 0.420 0.228 0.481 0.326 0.312 0.496 0.115 0.019  0.027 1.000
Sb 0.751 0.464 0.741 0.671 0.394 0.476 0.281 0.456 0.347  0.557 0.307 1.000
Ba 0.026 0.060 0.003 -0.183 0.212 0.032  -0.116 -0.080 0.303  0.083 -0.188 -0.101 1.000
Pb 0.548 0.291 0.681 0.551 0.232 0.600 0.507 0.783 0.528  0.651 0.479 0.405 0.048  1.000
propylitic ~alteration with a lower degree of weights of sample points were calculated using the

hydrothermal alteration (Fig. 1 and Fig 4). Propylitic
alteration areas predominantly consist of chlorite
minerals, smectite group clay minerals, and a small
amount of zeolite group minerals. These areas are the
least affected by hydrothermal alteration, with
weathering also contributing to the alteration. These
zones exhibit minimal ore formation and element
enrichment.

The relationship between the element contents of
sessile oak leaves was examined by calculating the
Spearman's rho nonparametric correlation coefficient
(Table 2). The Spearman correlation coefficients
(Spearman's rho) between the elements in sessile oak
leaves indicate the strength and direction of the
monotonic relationships between pairs of elements.
Positive values suggest a positive correlation, where
higher concentrations of one element are associated with
higher concentrations of another, while negative values
suggest an inverse relationship. Values closer to 1 or -1
indicate stronger correlations.

According to the correlation coefficients, a significant
correlation was observed between Cr and Fe, Co, Ni, Cu,
As, Mo, Sb, and Pb. Additionally, a notable correlation
can be noted between Mn and Co, Ni, suggesting that
Mn, Co, and Ni exhibit similar geochemical behaviors,
indicating the influence of environmental/parental rock
factors in this relationship. Spearman correlation
coefficients also reveal a significant correlation between
Co and Sb and Pb. Furthermore, a substantial correlation
relationship is evident between Cu and As, Sr, Mo, and
Pb elements. Moreover, significant correlations are
observed between Zn and Cd, Pb; As and Mo, Pb; Mo
and Sb, Pb; and Cd and Pb.

3.1. The spatial distributions of plants

Spatial distribution maps of element concentrations
in oak leaves were plotted to examine the behavior of
elements in relation to the geological environment
(Fig. 5). The kriging method was employed in the
generation of distribution maps [29], and the spatial

variogram method [30]. The variogram function (y (h))
expresses the variance of differences between two
randomly separated variables as a function of distance.
The semivariogram function is half of the variogram
function and is computed by the following equation.

N(R)

1
Y =55 Z [Gx) = 7Gx + W2 @

Here, h denotes the lag distance, y(h) semivariogram,
N(h) corresponds to pairs of sample points associated
with distance h (Krige, 1951, Matheron, 1963; Yaylali-
Abanuz et al, 2011). Lag distance and +vy(h)
semivariogram are plotted on the semivariogram graph.
The purpose is to draw the most appropriate theoretical
semivariogram for the experimental semivariogram. The
kriging technique facilitates the estimation of variations
at unsampled points with close accuracy using the
structural components obtained from semivariograms.
The kriging value is calculated using the following
formula:

2'(c) = ) () ©)

Here, Z*(x,): represents the unknown and estimated
value at point (x,), Z(x;) is the data used in the
estimation at point (x,), and 4; is the weight assigned to
these data. The values of variables at points (x;) = 1 are
known, but the weights assigned to them need to be
calculated. In the kriging method, these weights should
be defined such that the average of the predicted errors
is zero and the variance is minimized. The conditions for
optimality are expressed as follows:

E[Z(x,) =Z"(x,)] =0 4)
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To minimize the variance of the prediction error, the
variance E[Z(x,) —Z*(x,)] must be minimized. For
interpolation to be unbiased, the sum of weights

~,4; =1, thereby deriving n unknowns and n+l
equations. If the multipliers are solved using the
Lagrange method, the number of equations equals the
number of unknowns.

Z Aiy(xl- - xj) -m= y(x0 - xj) (5)

Where m is the Lagrange multiplier and vy is the
variogram value for the distance between points x;and
x;j. The kriging variance is solved from the following

equation:
n

0% = Z/li y(xi —x) —m =y(x, — x;) (6)
i=1

Due to its superiority in providing the best linear
system of equations for interpolation compared to other
techniques, the kriging method is preferred more often
(It should also be noted that the inverse distance
weighting (IDW) method does not differ significantly
from the kriging method). Therefore, the kriging method
was applied to the elements Cr, Mn, Fe, Co, Ni, Cu, Zn,
As, Sr, Mo, Pb, Cd, Sb, Ba and Pb using data obtained
from the semivariogram model (Fig. 5). For the
preparation of anomaly maps, the ARCGIS 10.8
program, which is developed for such studies and
efficiently applies the theory of semivariogram and
kriging method, was utilized. During the drawings, the
spherical model of the kriging method was found to be
the most suitable, and it was preferred to smooth out the
roughness in the maps created by the kriging method.
The element distribution maps were also created using
the IDW method for the same elements. In general, no
significant difference was observed in the distribution
maps.

When examining the element distribution maps of
sessile oak leaves, it is observed that chromium (Cr)
distributions are concentrated in the west, northeast, and
east of the field center in the west-east direction.
Elevated Cr values were detected in the leaves of trees
growing in areas with argillic alteration zones and fresh
volcanic rocks transtion. Contrary to expectations, lower
Cr concentrations were found in areas where dolerite
rocks surfaced (Fig. 5).

Mn values are mostly found in the western part of the
field within the argillic alteration zone and near the
phyllitic zone. Additionally, high Mn values are
observed in a small area in the east of the field within the

Turk J Anal Chem, 6(2), 2024, 61-70

argillic alteration zone. These enrichments are also
thought to be related to tectonism. This is because the
higher Mn values along the tectonic line are striking
(Fig. 5).

Fe concentrations are high towards the southeast in
the center of the field, which is also consistent with the
main tectonic line. The distribution of Fe concentrations
in the field is not uniform, but it shows a similar pattern
to the distribution of Mn. High Fe concentrations are also
relatively concentrated within the argillic alteration zone
(Fig. 1 and Fig 5).

High Co values are observed in the northeastern part
of the field, especially in areas with fresh rocks.
Considering the association of high Co concentrations
with alteration, it can be said that areas with both argillic
and phyllic alteration zones (for the region in question)
exhibit high values. For the western and southern parts
of the field, high values are more likely associated with
argillic alteration (Fig. 5).

The Ni concentrations in oak leaves also show
relatively parallel distributions with Mn. High Ni
distributions were observed mainly in areas with fresh
rocks and in areas subjected to argillic alteration (Fig. 5).

Cu concentration distributions are higher in the
northern and eastern parts of the field, within the
argillite zone, compared to other parts of the region. The
association of Cu enrichments in the eastern section with
tectonic faults is also striking. While Zn concentrations
overlap with Cu in some points, there is an inverse
relationship in some areas, as seen from the distribution
maps (Fig. 5 and Fig. 6). Zn enrichments (in the eastern
part of the field) are associated with tectonic faults and
argillic alteration (Fig. 6).

As distributions are concentrated in a limited area in
the field and intensify towards the northwest-southeast
direction from the center of the field. The intensification
is mainly observed within the argillic zone and tectonic
lines.

A high Sr element distribution was also observed in
the eastern part of the field where there is tectonic
intensity and intense alteration (especially argillic
alteration) (in the range of 200370 ppm). In the areas
where fresh rocks are exposed, the Sr element exhibits a
distribution pattern of small values (in the range of 12—
31 ppm) (Fig. 6).

Concentrations of Mo are concentrated in a limited
area of the field and in the northern part within the
argillic-phyllic transition zone (Fig. 6). It is also observed
that Mo distributions relatively overlap with As
distributions.

The Cd distributions in the field are mostly found in
fresh rocks and relatively in the argillic alteration zones
(up to in the range of 120-250 ppb).
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Figure 5. Spatial distribution maps of plant elements Cr, Mn, Fe, Co, Ni and Cu (Refer to Fig. 1 for geological alteration legend explanations)

The high Cd values observed near the Trabzon-
Glimiishane state highway are striking and suggest that
traffic may also contribute to the high Cd values in
sessile oak leaves (Fig. 6). The presence of high traffic-
related Cd values in studies [e.g. 31] conducted in the
region further supports this possibility.

Areas with high Sb element concentrations are

observed in the southeastern and central parts of the
field. High-value Sb (up to in the range of 630-1200 ppb

in the southeastern and up to in the range of 1200-2400
ppb in the central part) areas are particularly striking in
areas with argillic alteration and tectonic faults (Fig. 6).
The areas in question are also the areas that show high
concentration patterns for almost all elements, especially
the sampling point in the central part of the field. In
addition, relatively high Sb values were also detected in
the area where phyllic alteration is surrounded by
argillic alteration in the northeast of the field.
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Figure 6. Spatial distribution maps of plant elements Zn, As, Sr, Mo, Cd and Sb (Refer to Fig. 1 for geological alteration legend explanations)

Barium (Ba) element concentrations exhibit high- Lead (Pb) concentrations in sessile oak leaves reach
value patterns in the east of the study area, and parallel  high values (up to 1.4-1.7 ppm) in the argillic alteration
to the tectonic fault in the middle of the study area, and  zone with intense tectonic faults in the east of the study
again in the west of the study area in the argillic area. Additionally, high Pb distribution areas associated
alteration and fresh rock zone associated with the with the tectonic fault have been identified in the
tectonic fault. Ba values in the eastern part of the study transition zone of fresh rock-argillic alteration in the
area are relatively higher than other parts (Fig. 7). northwest of the study area (Fig. 7).
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Figure 7. Spatial distribution maps of plant elements Ba and Pb (Refer to Fig. 1 for geological alteration legend explanations)

It has been observed that the concentrations of most
elements in the leaves of sessile oak trees growing in the
area reach high values associated with alteration and
tectonic faults. When comparing the element contents of
sessile oak leaves with previous studies [4,28,32,33], it
has been observed that the concentrations of elements in
altered sections differ from those in unaltered/fresh
rock-dominant sections.

4. Conclusions

This study aimed to investigate the relationship
between the concentrations of certain trace elements in
sessile oak leaves and alteration zones. In this context,
element analyses were performed on tree leaves
collected from the Canca (Giimiishane, Tiirkiye)
hydrothermal alteration area. Descriptive statistical
evaluations of the element concentrations in the leaves
were performed. It was determined that the element
concentrations in the leaves were within a wide range
and above the values known for sessile oak leaves (and
plants in general). Moreover, considering the median
values, it was found that sessile oak leaves growing in
the area were enriched with the studied trace elements.
It was observed that the high element concentrations in
the leaves were particularly high in the argillic zones,
associated with alteration and tectonic faults (fracture
zones) in the field, and that most elements reached
higher concentrations compared to fresh rocks. As a
result of the study, it was concluded that the element
enrichments in the leaves were significantly by the
elements Mo, Cu, As, Zn, and Pb, and that there was also
a remarkable enrichment by the elements Cr, Mn, Co, Ni,
Sb, and Ba.
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