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Abstract

Climate and elevations play an important role in controlling rate of weathering and soil
formation. The role of chemical weathering rate on soil developed along an altitudinal
transect in the mountainous environments in Turkey was investigated to determine the
effects of climate on the geochemical characteristics of the soil. The main purposes of this
study were: i) To characterize the geochemical characteristics of soils as a function of
climate ii) To evaluate the soil formation and decomposition rates in Climosequence
depending on the elevation by using geochemical data. For this purpose, four representative
profiles were dug at different elevations. The transect of four soils formed in limestone
elevations from 1139 to 1809 m. Our results showed that the rate of chemical weathering of
CIA, CIW, PIA and MIA indicators decreased with the increase in elevation. In contrast, WIP
value increased at higher altitudes and exhibited different weathering directions by
deviating from the main trend in the A-CN-K diagram that composition of weathered soils
was easily influenced by the quantity of precipitation, degree of gradient and height
differences. Therefore, it was concluded that the main factors determining soil development
was climate and elevations, and both determine the leaching regime and weathering rates.
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Introduction

Soil development is closely associated with specific weathering intensities under special mountainous
environmental conditions Baumann et al. (2014). Soil development occurs through numerous physical,
biological and chemical weathering processes acting to alter the parent rock on the soil surface. The
formation of soils (pedogenesis) is a process by which weathering alters constituents within the parent
material through the loss of more mobile (i.e.,, soluble) elements, concurrent enrichment of less mobile
elements Le Blond et al. (2015). It is well established that soil-pedogenesis processes result in losses, gains
or redistribution of elements, and that not all elements are affected in the same way. Elements are also
recycled by the forest vegetation and such recycling can play a major role in soil development and the
redistribution of elements. This is mainly the case with forest ecosystems, which are very efficient at
recycling major nutrients. (Barbosa et al, 2015; Rate and Sheikh-Abdullah, 2017). Geochemical-based
weathering indices are commonly used to measure and compare the relative extent and intensity of soil
pedogenesis based on the chemistry of the surface soils (Osat et al., 2016) and weathering indices are used
for evaluating soil fertility and development, demonstrating the impact of climate on soil surface weathering
(Price and Velbel, 2003; Baumann et al.,, 2014). Chemical weathering indices incorporate major element
oxides chemistry into a single value for each sample Egli et al. (2006). Studies in the regions of altitudinal
gradient characterized by decreasing temperatures and increasing rainfalls, have shown the influence of the
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climatic contrast on soil formation, studies on sequences of soils developed in contrasting climate
mountainous environments may be a valuable tool to predict the influence of climate on weathering rates,
soil development stage, and soil formation processes (Egli et al. 2003, 2006, 2008, 2009; Lybrand et al,,
2011; Moazallahi and Farpoo,r 2012; Barbosa et al., 2015; Zhou et al., 2015; Osat et al., 2016) and provide
better understanding of elemental mobility during the weathering. In this study, the soil that has different
elevations in Anamas Mountain and develops on locations with different precipitation and leaching regime
was examined and the geochemical characteristics of the soil was determined. The geochemical approach in
which the concentrations of the major and rare earth elements are used to reveal the weathering of the soils
with different climatic characteristics affected by altitude difference be permit study of the effects of various
climatic combinations on soil development so that the chemical weathering rates of soils formed on a
Climosequence in humid climatic conditions will be comparatively determined. The following research
objectives were: i) To characterize the geochemical characteristics of soils as a function of climate and ii) To
evaluate the soil formation and decomposition rates in Climosequence depending on the elevation by using
geochemical data.

Material and Methods

Study area

Study area Anamaslar, Beysehir, is located within the borders of the Lakes Region. 4 different heights were
determined as a result of the studies conducted in the field where the study area is located. For this purpose,
4 profiles were dug between the elevations of 1139-1809 m (Figure 1). The study area is between the
coordinates (Table 1). All profiles had limestone primary material and forest vegetation. The profiles were
all steep. Profile 4 had the highest slope (> 45) and other profiles had a slope of 30-45 (Table 1). The Anamas
Mountains are generally composed of Jurassic-Cretaceous aged limestones in the second time. The Triassic
sandstone, claystone and conglomerates and the Triassic limestones and dolomites are observed at the foot
of the Anamas Mountains. According to the meteorological station data in the region, the average annual
precipitation from 1960 to 2017 was 546.4 mm, the annual evaporation was 1248.1 mm, the average annual
temperature was 12.1 2C, and the average soil temperature in 50 cm was 14.6 °C. According to the prepared
rainfall-evaporation-temperature because of these data, the temperature regime of the region is mesic and
the moisture regime is xeric (USDA, 2014) (Figure 2).
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Figure 1. Location map of the study area that shows general transect of the four profiles

Soil sampling and analysis

Elevation is an important factor affecting the climate and could provide insight into the impact of climate on
soil processes through affecting the type and rates of geochemical processes. Climatic features in
mountainous areas, especially high mountainous regions, vary widely according to their environment. It is
known that the amount of precipitation increases with increasing of elevation. Soils have been studied along
a transverse section using four representative profiles between the elevations of 1139-1809 m. Soils were
described in the field for geochemical properties of these four profiles were identified and samples were
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collected from each genetic horizon. Sixteen disturbed and undisturbed the samples of soil were taken to the
laboratory to search for their geochemical features. Soil samples were air-dried, gently crushed, and passed
through a 2-mm sieve to remove coarse fragments. Soil was used for the following analyses: Chemical
determination of selected major, trace and rare earth elements was performed by Inductively Coupled
Plasma Mass Spectrometer (ICP-MS) (Burt, 2011).

Table 1. Selected site characteristic of the studied profiles

Pedon Noﬁ(})lordmast(enslth Primary material Elevations (m) Physiography Slope (%) Vegetation
I 4173828 360699 limestone 1139 Steep slope 30-45 forest
11 4173563 335946 limestone 1267 Steep slope 30-45 forest
11 4170197 354065 limestone 1633 Steep slope 30-45 forest
IV 4169545 352906 limestone 1809 Steep slope >45 forest

Trace elements: A 500-mg <2-mm soil separate that has been air dried and ground to <200 mesh (75 pm)
was weighed into a 100-ml Teflon (PFA) sample digestion vessel. To the vessel, 9.0 mL HNO3 and 3.0 mL HCI
were added. The vessel was inserted into a protection shield, covered and then placed into a rotor with
temperature control. Following microwave digestion, the rotor and samples were cooled and the digestate
was quantitatively transferred into a 50-ml glass volumetric of high purity reverse osmosis deionized water.
The samples were transferred into appropriate acid-washed polypropylene containers (Burt, 2011). While
the samples of study were analyzed at the Advanced technology research & application center Laboratories
(Selcuk University in Konya, Turkey).
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Figure 2. The amount of rainfall and the location of soil profiles during along altitudinal transect in mountain in Anamas
Soil development indicators

Calculation of Chemical Weathering Indices

Several indexes have been defined to characterize chemical weathering in soils, chemical weathering
changes the chemical and mineralogical composition of a soil. Some of the mineral elements may be
liberated (e.g. Ca, Mg, K, Na), forming secondary minerals, particularly clay minerals. The most commonly
used chemical weathering indices are summarized in this study, such as Chemical Index of Alteration (CIA)
Nesbitt and Young (1984), Chemical Index of Weathering (CIW) Harnois (1988), Plagioclase Index of
Alteration (PIA) Fedo et al. (1995), Weathering Index of Parker (WIP), Parker (1970), and mineralogical
index of alteration (MIA), Voicu et al. (1996), of which some of them will be discussed more in detail below.

1. CIA = (100)[ Al,Os/(Al,0s + CaO* +Naz0 +K0)]

2. CIW = (100)[ALOs/(AL0s + CaO* +Na,0)]

3. PIA = (100)[(Al;03-K.0)/(Al;03 + Ca0* +Naz0 +K70)]

4, WIP = (100)[(2Na20/0.35) + (Mg0/0.9) + (2K,0/0.25) + (Ca0*/0.7)]
5. MIA = 2*(CIA-50)

The mineralogical index of alteration (MIA) evaluates the degree of mineralogical weathering. The MIA value
indicates incipient (0-20%), weak (20-40%), moderate (40-60%), and intense to extreme (60-100%)
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weathering Voicu and Bardoux (2002). Importantly, all indices are calculated with CaO* and corrected for
inputs from carbonate and apatite (McLennan et al., 1993).

A-CN-K diagrams and chemical alteration (CIA)

CIA is the most reliable weathering indices with the highest explanatory power, Therefore suggested the
ternary A-CN-K (Al;03 - CaO0*+Naz0 - K;0) system is useful for evaluating the compositions of fresh
plagioclase- and potassium-feldspar- rich rocks and examining their weathering trends, weathering
products and clay minerals. (Nesbitt and Young 1984; Nesbitt 1992; Fedo et al. 1995; Nesbitt et al. 1996;
Buggle et al. 2011; Shao et al. 2012; Babechuk et al. 2014; Baumann et al. 2014; Regassa et al. 2014).

Conduct of the rare earth elements during weathering

Besides some geochemical ratios and Ce and Eu anomalies were used to the quantification of weathering
degree of studied pedons. The REE concentrations are normalized relative to a chondritic reference standard
to facilitate the comparison of REE patterns between sites. Europium is the only lanthanide that usually
happens in a divalent oxidation state and whose behavior is strongly influenced by plagioclase. This results
in the potential for Eu to fractionate from the other lanthanides during weathering, since plagioclase is one
of the most susceptible minerals to chemical dissolution (Babechuk et al., 2014). Fractionation of Eu can be
tracked using the Eu anomaly of Eu* obtained by interpolation between the normalized values of Sm and Gd,
as proposed by Taylor and McLennan (1985). Eu/Eu*= EuN/v(Sm)N x (Gd) N. Cerium can track redox-
related transformations during pedogenesis in weathering profiles as a result of the potential oxidation of
Ce3* to Ce** (e.g.,, Middelburg et al., 1988; Braun et al., 1990; Mongell, 1993; Gallet et al., 1996; Murakami et
al, 2001; Patino et al., 2003; Dengiz et al., 2013; Babechuk et al.,, 2014; Vermeire et al., 2016). Cerium
anomalies are estimated by comparing the measured concentration of Ce with an expected concentration of
Ce* obtained by interpolation between the normalized values of La and Pr. Cerium anomalies can be
calculated as follow; Ce/Ce*= CeN / \/(La)N x (Pr)N.

Results and Discussion

SiO; content was lower than 53% in all profiles and ranged from 1.04% to 52.90%. The content of Al;03
ranged from 0.35 to 24.9%. Fe;03 profiles were distributed between 0.07% and 9.56%. MgO values were
changed between 0.45% and 7.13%. The enrichment observed in the MgO content was very specific and it is
believed that MgO is generally very sensitive to leaching (Arikan et al, 2007; Nordt and Driese, 2010;
Regassa et al., 2014). Ca0O values were found between 0.72 and 58.90%. The K,0 and Na;O values were
found to be 0.04-2.89%, 0.07-0.49%, respectively. Titanium is a mineral that is resistant to decomposition
and is an element used in the determination of chemical change. TiO; contents were found to be between
0.01-0.19%, MnO 0.02-0.32% and P20s 0.05-0.74% (Table 2).

Table 2. Total elemental analysis in weight percentages, oxides are expressed as weight percentages for the studied soil profiles.

Elevations Pidoti  Hodlzoii Si02 Al:03 Fe203 MgO Ca0 Na:0 K20 TiO2  P20s LOI MnO Sum
(m) () (W) (B) (B) (HB) (B) (B) (B (B) (B) (%) (%)
0Oi 19.8 861 3.03 0.84 443 0.09 1.03 0.43 0.74 60.1 0.11 99.23

A 448 210 813 1.38 1.51 0.15 2.65 1.16 0.52 18.2 0.17  99.68

1139 P1 Bt 468 249 956 133 124 009 249 117 023 117 015 99.67
CR 104 035 007 045 5890 017 004 001 005 387 010 99.79

0i 310 130 526 182 267 019 161 063 024 428 024 9948

1267 - A 377 167 710 325 488 021 204 084 022 265 032 9977
Btk 297 153 547 505 2160 016 166 070 014 200 016 9996

C 240 106 350 713 2920 011 104 044 008 235 021 99.84

0i 913 405 119 045 261 007 057 017 012 8.3 002 99.70

A 388 172 604 124 214 020 262 085 017 303 014 9971

1633 P3  Bhw 436 207 757 140 534 021 331 099 020 164 014 99.87
Ck 314 165 509 113 2320 015 260 070 020 188 006 99.85

Cr 484 205 560 138 749 021 344 100 013 117 004 9991

Al 399 157 580 142 290 040 258 087 016 305 013 10037

1805 b4 A2 441 176 670 147 244 043 289 102 014 229 012 99.82

C1 520 211 825 1.59 0.94 0.49 3.69 1.19 0.15 10.4 0.15  99.96
Cr 529 211 827 1.53 0.72 0.48 3.68 1.15 0.15 9.78 0.15  99.93

In Figure 3, the depth is plotted against the element content in weight percentages. While the chemical
elements show similar tendencies in the 1, 2 and 3 profiles, the trends in the 4 profiles are different.
Generally, in the fourth profile: reduced the content of CaO and P»0s and increased SiOs, Al;03, Fe203, TiOo,
MgO, Na;0, MnO and K;O0 were shown at decreased depth. Fe, Al, Si the total content increases as the soil
depth decreases due to the washing of carbonates. The P;0s line in the first profile also deviates from the
general trend to the top.
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Figure 3. Total elements contents (in wt%) with depths for the studied soil profiles on a logarithmic scale.

The increase in P05 content may be due to the presence of both micro and macro organisms, causing
retention of the element in their tissue. An increase in the amount of free sesquioxides resulting from the
weathering of primary minerals also increase the phosphorous fixation capabilities of the weathered
material. The effects of geochemical elements and the weathering indices, on the formation of the soils using
the total element results, will be explained in the following sections.
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Chemical weathering indices

The role of chemical weathering indices is mainly; to determine the amount of yield of the mobile
components during weathering, assess soil fertility, to provide better kinetic element mobility in the context
of weathering and predict the source of soil nutrients as well as changes in metal nutrients (Harnois 1988;
Senol et al., 2018). The values were gives of chemical weathering indicators for CIA%, CIW%, P1A%, MIA%
and WIP. A change is observed for all soil values (89.19-79.00, 98.72-92.11, 79.53-64.04, 78.37-58.00, 41.38-
12.21%) respectively. From the figures (4, 5, 6), it was revealed that the depth of the soil profiles (1, 2 and 3)
increases with increasing the weathering indexes of the subsurface horizons. In addition, the most soluble
elements such as MgO, Ca0, Na;0 and K;O increase the CIA, CIW and PIA due to the fact that they move
towards the depth. Due to the low content of Al;03 as a result of clay migration in the soil, the values of the
weathering indicators on the surface of the horizons at profiles (1,2 and 3) were lower. It is important to
emphasize that the removal of K from potassium feldspar is less than the rates of Na and Ca removal from
plagioclase. However, potassium Feldspars is more sensitive to weathering. Accordingly, CIW is equivalent
to that of CIA without potassium. If it is not aluminum associated with potassium feldspar, the CIW value will
therefore be high and will cause errors in rocks the rich Feldspar. In general, in Figure 7, it was observed
that the low WIP value in all soil profiles of surface horizons, and the low WIP value indicate a decrease in
the moving cations. At the high altitudes of the fourth soil profiles, the highest WIP was observed and
decreased at low altitudes due to the increase in K, Na, Ca, Mg cations. Figure 8 shows the index of
mineralogical alteration evaluation to assess the degree of weathering. The amount of MIA increases with
increasing depth at profiles (1, 2 and 3) and is considered the most developed soils at medium and low
altitudes. The rate of chemical weathering of CIA, CIW, PIA and MIA indicators for all studied soil profiles (as
shown in the Figure 9) decreases with the increase in elevation. This is due to the fact that basic cations (K,
Na, Ca and Mg) are dissolved in water and descaled by leaching processes, cations accumulate at low
altitudes and contribute to the formation of secondary minerals. In contrast, WIP value is increased at higher
altitudes due to increased leaching and precipitation at high altitudes causing decrease in movement of
cations. Although less developed soils are found at the steepest slopes of the P4 with a height of 1809 m, they
contain less mobile elements, due to the leaching of products weathering that cause decomposition
conditions and their transfer to low altitudes, which is more pronounced in the soil developed for profile at
elevation 1139 m.
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Figure 4. CIA % with depths for the studied soil profiles.
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Figure 5. CIW % with depths for the studied soil profiles.
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146



0. Alsalam et al. / Eurasian ] Soil Sci 2020, 9 (2) 140 - 150

A-CN-K diagrams and chemical alteration (CIA)

Generally, the CIA is considered as a measure of the extent of the conversion of feldspar to clay (Nesbitt and
Young, 1982; Nesbitt and Young, 1989; Fedo et al., 1995; Nesbitt et al., 1996; Yang et al., 2004; Buggle et al,,
2011; Che et al,, 2012; Shao et al,, 2012; Babechuk et al,, 2014; Baumann et al.,, 2014; Regassa et al., 2014).
Degradation of feldspar and concomitant formation of clay minerals are the dominant processes during
chemical weathering of the soil. The A-CN-K (Al,03-Ca 0+Na,0-K;0) diagram was proposed to intuitively
reflect the trends and the degree of silicate weathering and to evaluate the clay minerals (Nesbitt and Young,
1989; Fedo et al., 1995; Nesbitt et al., 1996; Von Eynatten et al., 2003; Yang et al., 2004; Li and Yang, 2010;
Buggle et al,, 2011). On the A-CN-K diagram, the main trend of silicate weathering in leaching of CaO and
Na;0 and then K;O, and relative enrichment of Al,0s;. Note that most of the investigated soils indicate
weathering trends in parallel with the A-K line. Most likely reflecting strong removal of K-bearing minerals
from the parent rocks. The most weathered soils plot at the top of the triangle located the A apex reflecting
high concentrations of Al-bearing minerals (Figure 10). The CIA values are directly represented on the A-CN
edge of the A-CN-K triangle Figure 10 as the elements involving this edge are the same as needed for the
calculation of CIA. High CIA values reflected the removal of labile cations relative to stable residual
constituents during weathering, and low CIA values indicate the near absence of chemical alteration (Nesbitt
and Young, 1982).

In contrast, the soils at elevation 1139 m are parallel to the A-K line and approach the A apex more than the
other soil elevations, most likely reflecting strong removal of K-bearing minerals from the parent rocks
(Figure 10). This was due to the degree of weathering that they are higher than other heights, so the soil is
considered the most developed. Despite the different weathering intensities registered in studied soil
profiles, most of the investigated studied soils seem to be weathered from similar parent rocks. However,
exhibited different weathering directions by deviating from the main trend in the A-CN-K diagram Figure 10,
suggesting that composition of weathered soils more easily influenced by quantity of precipitation and the
climate differences by the difference in altitudes.

Conduct of the rare earth elements during weathering:

It is known that the soil's REE concentration is influenced by sequential soil processes during pedogenesis
(REE), REE is affected by a series of processes leading to internal degradation, such as solubility, oxidation,
reduction, precipitation Babechuk et al. (2014). Table 3 gives the values in the distribution of rare elements
except for the fourth profile, there is no regular trend between the horizons, and the content of the elements
increased with decreased depth, because of the increase in the amount of precipitation and thus increasing
the leaching process in the fourth profile.

Table 3. The rare earth elements analysis (REE) are expressed as pg.kg! for the studied soil profiles.

frllf)v abions Pedon Horizon La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
0Oi 36 73 787/ 28 5.0 1.14 5.0 0.63 3.5 0.66 2.0 0.27 1.8 0.26
1139 P1 A 75 142 15.9 58 10.7 2.4 10.5 1.36 7.5 1.42 4.2 0.57 3.8 0.56
Bt 82 144 16.9 61 10.7 2.5 105 131 7.2 1.36 4.0 0.55 3.6 0.53
CR 036 067 0.15 0.56 0.1 0.0 0.0 0.0 0.07 0.01 0.0 0.0 0.02 0.00
0Oi 31 64 7.4 29 5.7 1.2 5.8 0.81 4.5 0.86 2.5 0.34 22 0.33
1267 P2 A 35 72 8.4 32 6.5 1.39 67 0.92 5.2 0.98 29 0.4 2i7 0.38
Btk 23 48 5.4 21 3.9 0.82 39 0.55 3.2 2.65 1.9 0.28 1.8 0.26
C 15.2 34 37 13.8 2:7. 0.54 2.7 0.39 2.3 0.45 1.4 0.19 1.3 0.20
0Oi 13.8 28 3:3 119 2.3 0.52 2.3 0.32 1.8 035 098 0.16 098 0.16
A 39 81 9.2 35 6.8 1.43 6.8 092 5.06 0.97 2.9 042 266 041
1633 P3 Bhw 40 79 9.4 35 6.8 1.44 6.7 091 5.2 1.0 3.0 0.4 2.8 0.42
Ck 26 51 5.9 21 39 0.79 3.7 0.5 29 0.56 1.8 0.25 1.74 0.26
Cr 33 68 79 30 5.5 1.09 5.0 0.68 3.8 0.71 2.3 0.32 2.2 0.34
Al 35 70 8.3 32 6.2 1.32 6.2 0.83 4.8 0.9 2.6 0.37 2.5 0.37
1809 P4 A2 38 78 9.2 35 6.9 1.44 6.8 0.95 5.3 1.02 29 0.42 2.8 0.41
C1 41 84 9.9 38 7.4 1.5 7:3 1.03 5.7 1.09 3.2 0.45 3.0 0.44
Cr 40 81 9.7 37 7.2 1.5 70 097 56 111 33 047 3.0 047

Table 4 gives the values in the indicators were calculated according to their geochemical percentages to
determine weathering and soil enrichment rates. According to this; Yb (N), La (N) and Lu (N) values
representing the LREE / HREE values in the soil were examined, La /Lu and La/Yb were found to be positive
and strong, all of them were subjected to leaching as a result of all soil values. The low rate of 1809 m of
La/Lu in P4 indicates a relatively low weathering condition and a low amount of clay found in the soil. On
the other hand, the distribution of the Sm (N) and La (N) ratios is very close to the MREE, the middle rare
enrichment element. The low negative Sm/Nd ratio for the values of all the soil profiles studied was found to
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be related to the intensity of the increased weathering in relation to the LREE enrichment. The ratios
obtained using REE trace elements in (Table 4) showed that the clay movement in P1 was denser and thus
the weathering was more developed than the other studied soil profiles. In addition, for La /Sm, La/Lu and
La/Yb ratios for P1, it is due to the increased elevation of 1139m without any other soil profiles studied.

2%
100Kz Gi

+ P1A
+ P2A
+ P3A

P4A

Strong Weathering

Intermediate Weathering

Weak Weathering

Chemical index of alteration (CIA)

C*%+N% K%
Figure 10. A-CN-K diagrams (Nesbitt and Young, 1989) with indication of the weathering index CIA for studied soil

profiles only for horizon A. Arrow indicates the general weathering trend and the minerals plagioclase (Plag.), K-
feldspar (Ksp.), lllite (IL.), Smectite (Sm.), Kaolinite (Ka.), and gibbsite (Gi.) is give for orientation.

Ho is a leachable element with weathering. Therefore, Er/Ho ratios tend to decrease by increasing
weathering. In Table 4, P4 means that the highest Er/Ho ratio for height 1809m, was the lowest density of
weathering at this height. However, the lowest value of Er/Ho ratio at the elevation of 1139m indicates that
the density of weathering has increased.

It is clear that all values in the samples of the soil profiles examined have Eu negative. Eu/Eu* values are
between 0.61 - 0.72% as shown in Table 4. More importantly, the difference in the Eu/Eu* value is inversely
proportional to the increased weathering. Similar reports of a decrease in the negative values of Eu/Eu* as a
function of intensity of weathering are presented (Condi et al., 1995; Huang and Gong, 2001; Ma et al., 2011;
Babechuk et al.,, 2014).

Cerium can monitor cases of oxidation due to the potential oxidation bond between Ce*3 and Ce** during
pedogenesis processes in populations of soil profiles studied. Cerium (cerium) was estimated by using the
formulas of Ce, La and Pr. In Table 4, Ce/Ce* values are weak positive and negative. These oxidation values
show that in the weathering of all studied soil profiles, Ce will decompose on a smaller scale.

Conclusion

The aim of this research was characterizing the geochemical characteristics of soils as a function of climate
to evaluate the soil formation and weathering rates in Climosequence depending on the elevation by using
geochemical data. The rate of chemical weathering of CIA, CIW, PIA and MIA indicators decreased with the
increase in elevation. This was because basic cations (K, Na, Ca and Mg) were dissolved in water and
descaled by leaching processes, and cations accumulated at low altitudes and contributed to the formation of
secondary minerals. In contrast, WIP value was increased at higher altitudes due to increased leaching and
precipitation at high altitudes causing decrease in movement of cations. Although less developed soils were
found at the steepest slopes of the P4 with a height of 1809 m, they contained less mobile elements, due to
the leaching of products weathering that cause decomposition conditions and their transfer to low altitudes,
which is more pronounced in the soil developed for the first profile at elevation 1139 m.

Despite the different weathering intensities and anomalies registered in studied soil profiles, most of the
investigated studied soils seemed to be weathered from similar parent rocks. However, it exhibited different
weathering directions by deviating from the main trend in the A-CN-K diagram suggesting that the formation
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of weathered soils more easily influenced by quantity of precipitation, degree of gradient and difference
elevations. Therefore, it was concluded that the main factors determining soil formation are climate and
elevations, both of which determine the leaching regime and weathering rates.
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