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Abstract The concentration and dynamic of soil trace

metals in natural ecosystems, in particularly, is dependent

on the lithology of parent rock as well as topography and

geopedological processes. To ascertain more knowledge

for this dependency, soils on three parent rocks involving

peridotite, pegmatite, and dolerite in two contrasting

topography aspects were investigated. The total values of

Fe, Mn, Zn, Cu, and Ni were determined and compared for

different soil pedons. The concentration of Fe, Mn, and Ni

were highest in soils developed from peridotite (127,

1.8 g kg-1, and 218 mg kg-1, respectively), intermediate

in soils derived from dolerite (81, 1.3 g kg-1, and

166 mg kg-1, respectively), and least in soil developed

from pegmatite (50, 0.23 g kg-1, and 20 mg kg-1,

respectively). The values of Zn and Cu, originated from

different parent rocks, were in order of dolerite

(78 mg kg-1) [ peridotite (77 mg kg-1) [ pegmatite (28

mg kg-1) and pegmatite (121 mg kg-1) [ peridotite

(111 mg kg-1) [ dolerite (28 mg kg-1), respectively. For

most of the studied pedons, profile metals distribution

differed among the soils: The values of Fe, Cu, and Ni were

enriched in the cambic horizons mainly as result of release,

mobilization, and redistribution of the studied metals dur-

ing geopedological processes, whereas those of Zn and Mn

were concentrated in the surface horizons. Probably due to

greater weathering rate of trace metal-bearing rocks on

north-facing slope, the content of the trace metals along

with the geoaccumulation index (Igeo) and the degree of

soil contamination (Cd) were higher than on south-facing

slope. Based on assessment of soil pollution indices, the

soils were categorized as unpolluted [Igeo B 0 (class 0)],

unpolluted to moderately polluted levels [0 \ Igeo \ 1

(class 1)], and very low [Cd \ 1.5 (class 0)] to low degree

of contamination [1.5 \ Cd \ 2 (class 1)].

Keywords Trace metal � Parent rock � Slope aspect �
Pedon � Geopedological processes

Introduction

Soil contaminations by trace metals pose a serious threat to

plants, animals, even human beings because of their bio-

accumulation, non-biodegradable properties (Olgun and

Atar 2011; Colaka et al. 2011). Naturally, the pattern of

soil trace metals and in turn toxicity and deficiency of these

metals are significantly influenced by variations in parent

rock, environmental attributes, and pedoligical processes

responsible for the formation of soils. Such issues should

be understood better for the prediction and effective man-

agement of the trace metal behavior of soils. In uncon-

taminated soils, the overall content of these metals is

associated with the geochemistry of parent rock (Brady and

Weil 1999) from which soils derived because soil inherits

from its a certain stock of elements that is then redistrib-

uted by pedological activities (Kabla and Szerszen 2002;

Kabata-Pendias and Mukherjee 2007; Gupta et al. 2013).

Bech et al. (1998) in the soils of Catalonia and Aussendorf

et al. (2000) in the soils of NW Bavaria described that trace

metals are a good tool to establish relationships between

the soil and the parent rock. Overall, parent rocks con-

taining high levels trace metals are mafic and ultramafic
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rather than siliceous rocks (Alloway 1995). In light of this,

many igneous rocks such as olivine, augite, and hornblende

are known as a rich source of some trace metals (Mn, Cu,

Zn, Co, Ni). In class of sedimentary rocks, shale has

highest values of Cr, Mn, Co, Ni, Cu, Zn, Cd, Sn, Hg, and

Pb followed by limestone and sandstone (Nagajyoti et al.

2010). High levels of Al, Zn, Mn, Pb, Ni, Cu, and Hg have

been also reported for volcanoes material (Seaward and

Richardson 1990).

With time, the trace element status of soil will become

different due to the influence of predominating pedogenic

and geopedological processes (Kabata-Pendias and Muk-

herjee 2007). Although there is great diversity in the ped-

ogenic processes contributing to the trend of trace metals,

they can be generalized as (1) the physical and chemical

processes of weathering (dissolution, hydration, hydrolysis,

oxidation, reduction, and carbonatization) and (2) sorption,

desorption, and the formation of various species of ele-

ments which are controlled by leaching, eluviation, pod-

zolization, alkalization, aluminization, laterization,

salization, and hydromorphic processes (Kabata-Pendias

and Mukherjee 2007; Nael et al. 2009). Koons et al. (1980)

and Rezapour and Samadi (2011) found that clay minerals,

iron oxides, organic mater, and calcium carbonate, caused

by weathering and pedological processes, are important

significantly in the translocation and accumulation of trace

metals. The data reported by Bulmer and Lavkulich (1994)

and Paulo (Paulo et al. 2005) in British Columbia and

Brazil, respectively, indicated that the concentration of Cd,

Cu, Ni, Cr, and Zn were greater in B horizons compared to

A and C horizons as result of extent of metals mobility into

the soil profile.

The study area is a part of the Alborz mountain, a main

mountain range in northern Iran, with least polluted com-

pounds characterized by the diversity of parent rock and

landform offering a diverse geopedological condition in

which to study the effects of lithology and slope condition

on the pattern of trace metals. The objectives of this work

were the following: (1) to establish the regional back-

ground levels of Fe, Mn, Zn, Cu, and Ni, (2) to investigate

lithogenic and pedogenic processes influencing on the

content and distribution of these metals, and (3) to assess

some trace metals enrichment or depletion factors and the

degree of pollution of the examined soils.

Materials and methods

Area description and soil sampling

This work was carried out in the Masouleh region, Guilan

province, northern Iran (Fig. 1). The main parts of the

study region are occupied by mountains and hills with

elevation from 200 to 1,100 m above sea level. The aver-

age annual soil temperature and precipitation are 12 �C and

1,100 mm, respectively. The soil moisture regime is udic

and temperature regime is mesic. The natural vegetation is

characterized by forest trees consisting mainly of Alnus

subcordata, Zelkova carpinifolia, Carpinus betulus, and

Mespilus germanica. Geologically, the area is character-

ized by Precambrian and Paleozoic metamorphic and mafic

rocks as well as Cretaceous shale and limestone (Dar-

vishzadeh 2002; Nael et al. 2009).

Six soil pedons from south- and north-facing slopes

developed on different parent rocks consisting of perido-

tite (pedons 1 and 2), pegmatite, (pedons 3 and 4), and

dolerite (pedons 5 and 6) were described and sampled.

Soil samples were air-dried and passed through a 2-mm

sieve (to remove rock fragments, roots, etc.) prior to

laboratory analyses. Geological map of the region along

with texture, structure, shape, color, etc., of each rock

fragment was used to identify the parent rock in the field.

The soils were classified (Soil Survey Staff 2010) as

Typic Hapludolls (pedon 1), Typic Eutrudepts (pedon 2),

Lithic Udorthents (pedons 3 and 4), and Dystric Eutrud-

epts (pedons 5 and 6).

Analytical methods

The analyses were made as follows: Particle size distri-

bution was performed using the hydrometer method (Gee

and Bauder 1986); soil pH in 0.1 M KCl using a 1:2.5 soil/

solution ratio; electrical conductivity in a 1:5 soil/water

extract; organic matter by the Walkley–Black wet oxida-

tion method (Nelson and Sommers 1982); cation exchange

capacity (CEC) by the ammonium acetate method at pH of

8.2 (Chapman1965); and calcium carbonate equivalent

(CCE) by acid neutralization (Nelson 1982).

Total heavy metals were extracted from the soil samples

by aqua regia digestion method (Baker and Amacher 1982)

using 3:1 (v/v) a mixture of HCl and HNO3. The soil

extracts were analyzed for Fe, Mn, Zn, Cu, and Ni by

atomic absorption spectrophotometer (AAS) using an air–

acetylene flame. The results for the trace metals were cited

as mean values of each soil solum (A and B horizons) in

the different soil pedons.

Assessment of soil contamination

Some approaches for trace metal soil contamination

assessment have been proposed in the international litera-

ture in which the most important being: concentration

factor (Rezapour and Samadi 2011); the geologic index

(Müller 1969); the degree of contamination (Abrahim and

Parker 2008); and pollution load index (PLI) (Cabrera et al.

1999).
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Concentration factor (CF) calculated as the concentra-

tion of each metal in the soil divided by concentration of

soil reference metal.

The geologic index (Igeo) calculated by the relation:

Igeo ¼ Log2
Cn=1:5Bn

where Cn is the concentration of soil

metal, Bn is the background value of metal, and 1.5 is the

correction factor of background contributed to lithogenic

processes.

The degree of contamination (Cd) based on the sum total

of the metal examined and calculated by following equa-

tion (Abrahim and Parker 2008):

Cd ¼
Pi¼n

i¼1 CF

n

where CF contamination factor, n number of studied met-

als, and i ith the metals. The geologic index and the degree

Fig. 1 Location of soil profile

sites in the investigated region

(Per peridotite, Peg pegmatite,

Dol dolerite)
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of contamination proposed in some descriptive categories

(Müller 1969; Abrahim and Parker 2008) as described in

Table 1.

The PLI calculated as the nth root of the product of nCF

(Kalavrouziotis et al. 2013) give by the following relation:

PLI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CF1� CF2� CF3; . . .;CFnn

p

where CF the concentration factor of metal, and numbers 1,

2, etc. correspond to the respective metal.

We considered the content of trace metals in the

examined parent rocks as background (Table 2). Generally,

the concentration of the trace metals in the examined

parent rocks was in the follow sequences: Fe, Mn, Zn, and

Ni as peridotite [ dolerite [ pegmatite and Cu as pegma-

tite [ dolerite [ peridotite. Such pattern is in line with

other reports (Kabata-Pendias and Mukherjee 2007). The

mean of trace metal content for each profile used in the

calculation of the examined indices (such enrichment of

concentration factors) as

M ¼
P
ðD� CÞ

.
P

D

where D depth, C trace metal value in each soil horizon.

The percentage of increase (enrichment) or decrease

(depletion) of each element into soil was estimated using

the following equation (Braun et al. 1993):

Dchanges ¼ Cn� Cb=Cb� 100

where Cn is the content of each element in the studied soil

and Cb is the content of each element in the reference

environment (background). In the equation, depletion is

indicated by high (-70 to -100 %), average (-40 to

-70 %), and low categories (0 to -40 %) and enrichment

is shown by low/average (40–100 %) and high categories

([100 %).

Results and discussion

Soil attributes

The results of the physicochemical analysis are illustrated

in Table 3. For most of the investigated pedons, clay

contents were generally lower in the surface horizons and

some shallow Bw horizons than in the thicker B horizons

which is likely due to the illuviation of clay particles in

subsurface horizons or in situ weathering in B horizons.

The silt contents show an inverse pattern compared to clay.

Clay amounts ranges from as low as 11 % in C horizon of

pedon 3 and A horizon of pedon 7 as high as 48 % in Bw1

and Bw2 horizons of pedon 2. Considerably, the soils on

the north-facing slope contained a higher amount of clay

than on the soils on south-facing slope in particular in the

topsoil. Such pattern may be directly associated with

weathering attributes, mainly temperature and moisture

that can have improved clay amount during pedological

processes on the northern slope.

The soil pH of the different horizons was slightly

alkaline to acidic, ranging from as low as 4.78 in Bw

horizon of pedon 5 to as high as 7.4 in C horizon of pedon 2

(Table 3). Typically, the pH values show an increasing

trend with depth, probably due to the leaching of basic

compounds and calcium carbonates. The lowest values of

pH occur in soils from pegmatite which is rich in SiO2 with

felsic properties, varying between 4.78 and 5.47. In

Table 1 The categorization of metal pollution in soils and sediments

by Igeo value (Müller 1969) and Cd value

Igeo value Igeo class Pollution intensity

0 0 Uncontaminated

0–1 1 Uncontaminated to moderately contaminated

1–2 2 Moderately contaminated

2–3 3 Moderately to strongly contaminated

3–4 4 Strongly contaminated

4–5 5 Strongly to extremely contaminated

[5 6 Extremely contaminated

Cd value Cd class Contamination degree

\1.5 0 Nil to very low degree of contamination

1.5–2 1 Low degree of contamination

2–4 2 Moderate degree of contamination

4–8 3 High degree of contamination

8–16 4 Very high degree of contamination

16–32 5 Extremely high degree of contamination

[32 6 Ultra high degree of contamination

Table 2 The concentration of selected trace metals in the examined parent rocks

Parent rock Fe (g kg-1) Mn (g kg-1) Zn (mg kg-1) Cu (mg kg-1) Ni (mg kg-1)

Peridotite (ultramafic) 99.0 1.3 79.8 35.5 177

Pegmatite (felsic) 12.2 0.22 55.0 62.5 14

Dolerite (mafic) 94.5 1.005 78.8 56.0 105
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contrast, the highest amounts of pH observe in soils

developed from peridotite which is rich in Fe–Mg with

ultramafic properties.

The specific environmental condition such as the rela-

tively high rainfall, dense vegetation, high soil CO2 con-

centration, and well-drained conditions facilitated calcium

carbonates removal or depletion from the upper horizons

and translocation and precipitation to lower horizons

(Khormali et al. 2012). Electrical conductivity was lower

than 1 dS m-1 in all the examined pedons (the data not

shown).

The amount of organic matter in all pedons is highest in the

surface horizons (ranging from 36 to 96 g kg-1) and decrease

abruptly with depth (Table 3). The soils on the north-facing

slope contained a greater amount of organic matter than on the

soil on south-facing slope. This trend suggests to a different

sensitivity of the organic matter to mineralization of humifi-

cation processes between the north- and south-facing slopes

(Sidari et al. 2008). The CEC values are low to high, varying

from 12 to 54 cmolc kg-1. The highest CEC content is

observed in the horizons of A and Bw2 of pedon 2, where the

greatest clay content and organic matter are occurred.

The distribution of trace metals

The distribution of selected trace metals showed a con-

siderable range of variations into soil pedons (Table 4). In

Table 3 Selected physicochemical properties for the investigated soils

Pedon Horizon Depth (cm) Particle size distribution (%) pH SOM

(g kg-1)
CaCO3

(g kg-1)
CEC

(cmolc kg-1)
Sand Silt Clay

Parent rock: peridotite (north-facing slope), classification: Typic Hapludolls

1 A 0–13 35.10 29.84 35.04 6.65 94.1 2.0 50.83

AB 13–35 36.35 28.21 35.42 6.71 46.4 1.8 43.14

Bw1 35–70 27.03 24.38 48.58 6.86 19.5 10.6 49.11

Bw2 70–100 29.21 22.43 48.35 6.95 13.4 11.0 54.29

BC 100–140 53.46 17.30 29.23 7.4 0.90 12.0 44.69

Parent rock: peridotite (south-facing slope), classification: Typic Eutrudepts

2 A 0–9 58.46 18.08 23.44 6.63 66.7 12.1 34.85

BA 9–40 51.65 21.89 26.45 6.77 17.7 12.4 29.40

Bw1 80–40 51.75 22.48 25.76 6.78 10.1 13.8 31.29

Bw2 80–110 51.28 19.59 29.12 6.99 6.7 15.2 35.48

CB 110–130 65.95 13.45 20.59 6.97 1.3 17.0 32.36

Parent rock: pegmatite (north-facing slope), classification: Lithic Udorthents

3 A 0–12 42.25 41.24 16.49 5.41 90.9 1.0 28.1

Bw 12–27 47.28 36.69 16.02 4.98 33.6 nd 24.16

C 27–50 49.42 37.52 13.04 5.34 13.4 nd 11.76

Parent rock: pegmatite (south-facing slope), classification: Lithic Udorthents

4 A 0–12 44.59 39.26 16.13 5.44 53.7 1.0 26.42

Bw 12–22 46.82 37.45 15.71 4.78 40.3 nd 16.37

C 27–40 50.51 03.36 13.44 4.96 18.9 nd 11.46

Parent rock: dolerite (north-facing slope), classification: Dystric Eutrudepts

5 A 0–10 76.9 12.0 11.1 6.8 36 17.1 16.4

Bw1 10–45 77.5 11.3 11.2 7.1 8.0 10.4 13.5

Bw2 45–60 76.6 10.8 12.6 7.2 3.0 14.2 15.7

CB 60–80 76.7 9.8 13.5 7.3 1.1 5.1 18.3

Parent rock: dolerite (South-facing slope), classification: Dystric Eutrudepts

6 A 0–10 75.3 15.3 9.4 6.9 28 14.2 14.1

Bw 10–60 75 14 11 7.3 6.1 12.2 13.1

C 60–80 84 6.5 9.5 7.4 nd 4.2 12.8

SOM soil organic matter, CEC cation exchange capacity, nd not detected
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this context, the metal levels ranged as follow: Fe from

45.22 to 156.46 g kg-1, Mn from 0.126 to 2.49 g kg-1, Zn

from 12.4 to 132.8 mg kg-1, Cu from 12.1 to 148.

8 mg kg-1, and Ni from 5.5 to 584 8 mg kg-1. Such pat-

tern is not surprising, especially in view point of the fact

that ultramafic (such as peridotite) and mafic (such as

dolerite) rocks are richer in Fe, Mn, and Ni than other rocks

(Kabata-Pendias and Mukherjee 2007). In both north-and

south-facing slopes, soils developed on peridotite showed

the highest concentration of Fe, Mn and Ni, followed by

the soils on dolerite, and lowest in the soils of pegmatite.

The values of Zn and Cu were in the order of pedons on

peridotite [ dolerite [ pegmatite and pedons on perido-

tite [ pegmatite [ dolerite, respectively, in the southern

slope (Table 4). For most of the pedons, soils developed on

the southern slope show generally less enrichment than

those on the northern slope (Table 4). For example, the

mean concentration of Cu in soils derived from pegmatite

on the southern slope show a rise 72 % (REF of 1.7), while

the content of Cu on the northern slope from the same soil

and rock show a rise 115 % (REF of 2.1) comparing to the

reference. These trends may be due to the different surface

erosion rates and pedogenic processes as well as the

duration and kinetics of chemical weathering induced by

aspect, considering that the important role of slope aspect

in generating different microclimate condition (such as soil

temperature and moisture content and native vegetation) at

the catchments scale by controlling the degree of solar

radiation received by surface (Ma et al. 2011).

In soils derived from peridotite (pedons 1 and 2), Fe,

Mn, and Cu are enriched in the cambic horizons mainly in

the northern slopes (Table 5). The enrichment was least for

Cu, intermediate for Mn, and strong for Fe. This pattern

may be interpreted to release, mobilization, and redistri-

bution these elements during geopedological processes.

Consistent with this, Fe, Mn, and Cu were most likely first

released to solution during chemical weathering. The

metals then sorbed by fine clay particles and subsequently

accumulated through illuviation in B horizon (Nael et al.

2009; Ma et al. 2011; Acosta et al. 2011). In pedons 3 and

4, developed on pegmatite, Mn and Zn were enriched in the

surface horizons with higher enrichment for the northern

Table 4 Mean ± standard deviation values of selected trace metal on the north- (N) and south-facing (S) slope aspects in soils developed on the

different parent rocks

Trace metal Mean ± SD REF or RDF Dchanges (%)

N S N S N S

Peridotite

Fe (g kg-1) 127.24 ± 20.1 127.47 ± 8.01 1.3 1.3 28.5 (L) 28.76 (L)

Mn (g kg-1) 2.0 ± 0.4 1.5 ± 0.17 1.5 1.2 53.85 (A) 15.38 (L)

Zn (mg kg-1) 71.9 ± 10.6 82.23 ± 33.47 0.9 1.03 -10.0 (L) 3.05 (L)

Cu (mg kg-1) 99.5 ± 11.4 122.33 ± 11.1 2.8 3.5 181 (H) 247 (H)

Ni (mg kg-1) 290 ± 193.5 146.2 ± 13.7 1.6 0.83 63.8 (A) -17.4 (L)

Pegmatite

Fe (g kg-1) 50.38 ± 1.46 49.26 ± 3.98 4.1 4.03 313 (H) 303 (H)

Mn (g kg-1) 0.24 ± 0.08 0.22 ± 0.04 1.1 1.0 18.9 (L) 8.7 (L)

Zn (mg kg-1) 28.5 ± 9.5 27.09 ± 12.07 0.52 0.49 -48.2 (A) -50.7 (A)

Cu (mg kg-1) 134.4 ± 13.4 107.3 ± 11.8 2.1 1.7 114.9 (H 71.6 (A)

Ni (mg kg-1) 17.5 ± 12.0 23.2 ± 7.6 1.3 1.7 25.0 (L) 65.6 (A)

Dolerite

Fe (g kg-1) 98.74 ± 6.96 62.7 ± 5.31 1.0 0.66 4.5 (L) -33.65 (L)

Mn (g kg-1) 1.23 ± 0.19 1.34 ± 0.03 1.23 1.32 22.22 (L) 32.2 (L)

Zn (mg kg-1) 99.99 ± 6.44 55.48 ± 3.5 1.3 0.70 27.1 (L) -29.5 (L)

Cu (mg kg-1) 42.61 ± 11.3 13.18 ± 1.34 0.76 0.24 -23.9 (L) -76. 5 (A)

Ni (mg kg-1) 127.14 ± 18.8 206.44 ± 31.8 1.2 2.0 21.1 (L) 96.6 (A)

REF relative enrichment factor, RDF relative depletion factor

Categorizations for change percentage, L low, A average, H high
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slope (pedon 3). For iron, such trend only observed in the

northern slope. The fate of Mn, Zn, and Fe in the topsoil

(pedons 3 and 4) may be related to a process named as the

biological pump or nutrient uplift. Consistent with the

hypothesis, deep-rooted trees often act as pumps, uptaking

metal from subsoil horizons into their root systems,

translocating it to their leaves, and re-entering it to the

topsoil with litter fall and decomposition, causing much

higher the metals levels in the surface (Rezapour 2013). In

contrast with Mn and Zn pattern, Cu and Ni were depleted

from the surface soil of pedons 3 and 4 which may be

attributed to the process of acidic condition (pH \6,

Table 3) in the pedons because of trace metals are more

solution in acidic environments (Kabata-Pendias and

Mukherjee 2007). Iron, Zn, Cu, Ni were enriched in the

Bw horizons of the pedons of 5 and 6, developed on

dolerite, mainly in the northern slope (Table 5). As dis-

cussed before, such enrichments can be explained by the

interactions between several biogeochemical processes in

the soils (i.e., humification and dissolution/leaching) as

well as physical processes such as water fluxes (Acosta

et al. 2011).

Table 5 Vertical distribution of selected trace metals in soils developed on three types of parent rocks

Pedon Horizon Depth (cm) Fe (g kg-1) Mn (g kg-1) Zn (mg kg-1) Cu (mg kg-1) Ni (mg kg-1)

Parent rock: peridotite (north-facing slope)

1 A 0–13 100.2 1.88 75.5 76.5 119.0

AB 13–35 108.0 2.06 78.3 111.5 124.5

Bw1 35–70 117.8 2.42 74.5 101.0 138.5

Bw2 70–100 136.8 2.49 76.0 102.5 251.0

BC 100–140 156.5 1.62 48.5 96.5 584.0

Parent rock: pegmatite (north-facing slope)

2 A 0–9 133.6 1.61 49.4 112.0 127.5

BA 9–40 115.3 1.57 81.7 129.5 138.5

Bw1 80–40 117.8 1.71 78.2 142.5 145.0

Bw2 80–110 133.6 1.85 114.3 117.5 141.0

CB 110–130 135.5 1.39 132.8 122.5 153.5

Parent rock: pegmatite (north-facing slope)

3 A 0–12 50.3 0.38 37.5 121.0 5.5

Bw 12–27 48.4 0.209 24.0 148.5 29.0

C 27–50 52.5 0.126 15.0 147.0 15.0

Parent rock: pegmatite (south-facing slope)

4 A 0–12 45.2 0.254 39.0 95.5 15.9

Bw 12–22 54.7 0.209 17.95 120.5 27.5

C 27–40 47.8 0.153 12.40 117.5 33.5

Parent rock: dolerite (north-facing slope)

5 A 0–10 57.8 1.35 54.3 12.2 178.6

Bw1 10–45 60.3 1.36 50.2 12.1 186.4

Bw2 45–60 67.2 1.31 58.6 13.9 233.2

CB 60–80 70.7 1.27 60.0 15.5 255.4

Parent rock: dolerite (south-facing slope)

6 A 0–10 102.1 1.35 105.8 32.5 148.3

Bw 10–60 104.4 1.28 88.8 39.8 139.4

C 60–80 86.5 1.01 95.8 54.0 108.9

Table 6 The ratio of trace metal concentration in topsoil to that in

the corresponding subsoil enrichment (RTE) in soils developed on

three types of parent rocks

Trace metal Peridotite Pegmatite Dolerite

N S N S N S

Fe (g kg-1) 0.818 0.99 10.04 0.827 0.897 0.907

Mn (g kg-1) 0.802 0.893 1.474 1.215 1.071 1.02

Zn (mg kg-1) 1.021 0.681 1.563 2.173 1.089 0.998

Cu (mg kg-1) 0.924 0.930 0.815 0.793 0.815 0.938

Ni (mg kg-1) 0.625 0.930 0.190 0.577 0.999 0.851

N northern slope, S southern slope
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Overall, the values of Fe, cu, and Ni were considerable

lower in topsoil than in subsoil mainly in the northern

slope, suggesting that mobilization and accumulation was

occurred for the metals. On the contrary, the content of Mn

and Zn was greater in topsoil than in subsoil, believing that

the metals concentration in the topsoil was occurred for

most of the studied soils particularly due to their strong

affinities with the soil solid fraction or the recycling of

metals by vegetation (Kabata-Pendias and Mukherjee

2007). The concentration of a element in topsoil divided by

concentration of that element in the corresponding subsoil

[(RTE) defined as a relative index of the mobility of met-

als] (Mapanda et al. 2005) was as following ranges

(Table 6): Fe from 0.83 to 0.99, Mn from 0.80 to 1.47, Zn

from 0.68 to 2.17, Cu from 0.79 to 0.93, and Ni from 0.19

to 0.85. The mobility of metals, based on RTE values,

Table 7 Correlation coefficients (r) between selected trace metals together and some soil properties

Fe Mn Zn Cu Ni OM Clay CEC CCE

Fe 1.00

Mn 0.63** 1.00

Zn 55.2* 0.71** 1.00

Cu 0.44* 0.45* 0.71** 1.00

Ni 0.53* 0.52* 0.24 0.21 1.00

SOM 0.21 0.18 0.15 0.23 0.17 1.00

Clay 0.51 0.20 0.15 0.40 0.11 0.34 1.00

CEC 0.56* 0.33 0.28 0.25 0.21 0.14 0.9*** 1.00

CCE -0.35 -0.61** -0.55* -0.31 -0.26 0.07 0.23 0.02 1.00

SOM soil organic matter, CEC cation exchange capacity, CCE calcium carbonate equivalent

* P \ 0.05; ** P \ 0.01; *** P \ 0.001

Table 8 Description of the geologic index (Igeo) in soils developed on three types of parent rocks

Trace metal North-facing slope South-facing slope

Igeo value Igeo grade Pollution Intensity Igeo value Igeo grade Pollution Intensity

Peridotite

Fe (g kg-1) -0.067 0 Unpolluted -0.065 0 Unpolluted

Mn (g kg-1) 0.011 1 Unpolluted to Moderately polluted -0.114 0 Unpolluted

Zn (mg kg-1) -0.221 0 Unpolluted -0.155 0 Unpolluted

Cu (mg kg-1) 0.274 1 Unpolluted to Moderately polluted 0.364 1 Unpolluted to Moderately polluted

Ni (mg kg-1) 0.038 1 Unpolluted to Moderately polluted -0.256 0 Unpolluted

Pegmatite

Fe (g kg-1) 0.440 1 Unpolluted to Moderately polluted 0.430 1 Unpolluted to Moderately polluted

Mn (g kg-1) -0.101 0 Unpolluted -0.140 0 Unpolluted

Zn (mg kg-1) -0.462 0 Unpolluted -0.484 0 Unpolluted

Cu (mg kg-1) 0.156 1 Unpolluted to Moderately polluted 0.058 1 Unpolluted to Moderately polluted

Ni (mg kg-1) -0.079 0 Unpolluted 0.043 1 Unpolluted to Moderately polluted

Dolerite

Fe (g kg-1) -0.157 0 Unpolluted -0.350 0 Unpolluted

Mn (g kg-1) -0.089 0 Unpolluted -0.055 0 Unpolluted

Zn (mg kg-1) -0.072 0 Unpolluted -0.328 0 Unpolluted

Cu (mg kg-1) -0.295 0 Unpolluted -0.804 0 Unpolluted

Ni (mg kg-1) -0.093 0 Unpolluted 0.117 1 Unpolluted to Moderately polluted
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decreased in the sequence of Ni [ Cu [ Fe [ Mn [ Zn.

This pattern appeared both the two aspect agreement and

disagreement with earlier reports (Camobreco et al. 1996;

Haiyan and Stuanes 2003; Rezapour and Samadi 2011).

There also found a greater Ni concentration in BC, CB, C

horizons for all the examined pedons (Table 5) which may

be interpreted to a much greater Ni downward removal rate

compared to other metals.

Statistically, a significant correlation was found between

Fe with Mn, Zn, and Ni (Table 7). Two main hypothesizes

can be proposed to explain this observation: (1) Iron, pre-

sented in minerals with large surface area (such as fer-

rihydrite, hematite, and goethite), is an effective sorbent for

Mn, Zn, Cu, and Ni. Koons et al. (1980) mentioned that

trace metals (e.g., Co and Cr) were often associated with

iron oxides minerals in the weathering of granite to

saprolite. Bigham et al. (2002) and Acosta et al. (2011)

reported that natural iron oxides have a high tendency for

adsorption and transport of trace metals. (2) Genesis,

transport, and accumulation of Fe was occurred in a similar

pattern with Mn, Zn, and Ni which is in agreement to

earlier observations by Zhang et al. (2002) and Xue-Song

et al. (2006). Also, a significant correlation was recorded

between Mn–Zn (P B 0.01), Mn–Ni (P B 0.05), and Mn–

Cu (P B 0.05), suggesting similar behavior or common

origin of these elements in the studied soils.

Assessment of soil pollution scales

Three indices of geologica index (Igeo), degree of con-

tamination (Cd), and PLI were assessed for estimating soil

pollution. The Igeo values of for Fe, Mn, Zn, Cu, and Ni

Table 9 Description of the CF and degree of contamination (Cd) in soils developed on three types of parent rocks

Parent rock type CF RCF Cd

Fe Mn Zn Cu Ni

Peridotite North-facing slope 1.285 1.538 0.901 2.819 1.638 8.181 1.636

South-facing slope 1.288 1.154 1.03 3.465 0.826 7.763 1.553

Pegmatite North-facing slope 4.129 1.189 0.518 2.150 1.250 9.236 1.847

South-facing slope 4.038 1.087 0.493 1.716 1.656 8.99 1.798

Dolerite North-facing slope 1.045 1.222 1.271 0.761 1.211 5.45 1.090

South-facing slope 0.663 1.320 0.705 0.235 1.966 4.889 0.978

Fig. 2 Histogram of the degree

of contamination (Cd) for the

soils developed on the different

parent rocks. The horizontal

lines are shown boundaries

between very low to low

degrees of contamination
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ranged from -0.35 to 0.44, from -0.14 to 0.01, from

-0.48 to -0.07, from -0.8 to -0.36, and from -0.26 to

-0.12, respectively, showing unpolluted level [Igeo B 0

(class 0)] and unpolluted to moderately polluted levels

[0 \ Igeo \ 1 (class 1)] (Table 8). Soils developed on the

south-facing slope appear to be at least Igeo values, whereas

soils derived on the north-facing slope manifest higher Igeo

values for most of the examined metals which may be

attribute to greater degree of chemical weathering on the

north-facing soils. The negative Igeo values found in the

study can be considered as the result of relatively low

levels of contamination for most of the metals and the

background variability factor (1.5) in the Igeo equation

(Abrahim and Parker 2008).

The values of Cd for the five examined metals were in

range of 0.078–1.85 (Table 9) indicating very low (class 0,

Cd \ 1.5) to low degree of contamination (class 1,

1.5 \ Cd \ 1). The Cd was least (0.98–1.1) for soils

developed on dolerite, intermediate (1.5–1.64) for perido-

tite, and strong (1.8–1.85) for pegmatite. Indeed, the values

of Cd show that 67 and 37 % of the soils classified as low

and very low of contamination, respectively (Fig. 2). For

all the assessed pedons, the values of Cd were greater on

the north-facing soils than those on the south-facing slope,

manifesting that aspect have greatly influenced on weath-

ering rate of trace metal-bearing rocks.

The values of PLI were found to be[1 for the pedons 1,

2, 3, and 4 (Fig. 3). At this level, the soil metal concen-

tration is above the soil background values and it could be

appeared as the fate of trace metals [PLI[1 is indicative of

soil pollution (Kalavrouziotis et al. 2013)]. In pedons 5 and

6, on the contrary, PLI values were calculated to be B1

suggesting that the soil metal concentration is equal (or

less) to the soil background values. Like to the pattern of

Igeo and Cd, the values of PLI were more in soils on the

northern slope compared to soils on the southern slope,

showing aspect most likely exerts an important control on

soil pollution indices.

Conclusion

Soils developed on different parent rocks including peri-

dotite, pegmatite, and dolerite reflected heterogeneous

response to topography aspect and geopedological pro-

cesses regarding to the total values of Fe, Mn, Zn, Cu, and

Ni. For instance, the concentration of the metals in the

different soils, grouped by parent rocks, varied in the fol-

lowing orders: Fe, Mn, and Ni as peridotite [ doler-

ite [ pegmatite, Zn dolerite [ peridotite [ pegmatite and

Cu as pegmatite [ peridotite [ dolerite. Two contrasting

patterns of depletion and enrichment were observed in the

profile distribution of the metals. We hypothesize that the

depletion pattern of Fe, Cu, and Ni in the surface horizons

is mainly controlled by dissolution/leaching and redistri-

bution processes, whereas the enrichment pattern of Zn and

Cu in the topsoil is influenced by the soil solid fraction

(such as clay and organic matter) and biological cycling.

Comparing to the south-facing slope, the contents of Fe,

Mn, Zn, Cu, and Ni along with the examined pollution

indices (Igeo, Cd, PLI) were higher in the soils on the north-

facing slope for most of the investigated pedons.
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