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The content and the ratio between the iron forms have been thoroughly
studied in mountain soils of the Middle Urals (Northern Baseg). Under
consideration are the ratio of iron forms and distribution types of iron
compounds along the soil profile. It has been established that in the ma-
jor soil profiles studied within the mountain-forest belt under the thin
forest the content of iron silicate forms in the fine earth is higher by
2 times as compared to non-silicate ones. In soils developed within the
mountain-tundra belt under the small mountain forest the above ratio of
iron forms seems to be narrow to a considerable extent. The group
composition of iron compounds in soils of the studied territory reflects
the dependence of changes in their content on the vertical zonality,
slope exposition and elevation. The profile distribution pattern and the
ratio between the iron forms serve as evidence of physical weathering
and such a soil-forming process as the burozem formation; the features
of podzolization haven’t been identified. The diagnostics of mountain
soils and the definition of their subtypes are given according to the
group composition of iron compounds including illuvial-humus, ferru-
ginous, metamorphizeed and eluviated ones. The dry peat podpurs with
the ochric subtype (TJ-BH-BFan-CLM) and the ferruginous litho-
soddy eluvizem (O-ay-EL-CLMf) have been diagnosed for the first
time under conditions of mountain tundra on western macroslop of the
Middle Urals.

Keywords: mountain soils, diagnostics, form of iron compounds, soil
classification.

INTRODUCTION

In studying the soil genesis it is traditional to pay special atten-
tion to iron compounds, their content and distribution throughout the
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soil profile. This information is required to diagnose and classify the
soils and to determine the development degree of soil formation pro-
cesses [2, 3, 14, 15, 37, 38, 40, 41, 42, 52, 69, 72, 75].

Iron is referred to typomorphic chemical elements in soils of
humid landscapes [12]. Many researchers indicated that the ratio be-
tween different forms of iron compounds along the soil profile and
even within a horizon plays a diagnostic role in identifying the elemen-
tary soil-forming processes that can be manifested in their accumula-
tion or redistribution [18, 19, 23, 24, 29-31, 36, 40, 42, 43, 45, 49, 51,
59, 62]. The iron compounds are the most sensitive indicators to show
changes in the conditions reflecting the varying intensity of such pro-
cesses as weathering and soil formation, moistening and aeration that
are responsible for the development of the soil profile [5, 7, 14, 24, 25].
The ratio between the forms of iron compounds detects the physical-
chemical properties of soils, their sorption and has the influence on the
mobility of many acceptor elements [1-11, 14-18, 21-24, 28, 30, 31,
36, 38, 42-44, 47, 48].

In spite of numerous publications concerning the iron content
and forms in soils and their interactions with genetic soil properties the
problem under consideration is a matter of some difficulty because
there is a great diversity of iron forms in soil and boundaries between
them are rather conditional. The rare and expensive physical methods
are required to identify the real content and distribution of different
iron forms in soils. The literature sources contain only the data about
the total content of non-silicate, crystalline and amorphous iron forms
however the data about their distribution along the soil profile to diag-
nose a genetic character of soils are practically absent.

The very few publications devoted to the diagnostics of moun-
tain soils in the Urals according to the group composition of iron com-
pounds appeared in the 1960-70s of the 20th century. The soils in the
mountain part of the Urals started to be thoroughly studied only some
years ago and their classification was open to discussion for a long pe-
riod of time. At first, these soils were considered as podzolic [39] and
acid non-podzolized ones [4, 5, 26, 27]. Later on, the idea of the Urals
as a zone of podzolic soils has been revised and the brown forest soils
were recognized [21, 44, 45, 50, 64, 65]. In the substantive-genetic soil
classification published in 2004 it is possible to determine the position
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of soils using the field morphologic-genetic and analytical diagnostics
of soils [35]. However, in spite of similar soil physical and chemical
properties there are no grounds to judge about identical differentiation
processes of the solid phase in comparable soils [17] and the field di-
agnostics is insufficient to determine their genesis. The detailed diag-
nostics must be conducted as based upon the totality of indices for the
chemical composition of genetic horizons in the soil profile [1, 2, 6-9,
14,15, 18, 21-28, 30-32, 40, 44, 58, 63].

The present studies are aimed at specifying the diagnostics of the
mountain soils in the Middle Urals (Northern Baseg mountain) by
means of the content and forms of iron compounds and types of their
distribution along the soil profile.

OBJECTS OF RESEARCH AND METHODS

The objects of research are soils of mountain landscapes at the
territory of State natural reservation “Basegi” in the Perm region. This
reservation embraces Basegi ridge situated to the west from the water-
shed part in the Urals between 58°50° and 60°N. This is a meridiaonally
stretched ridge consisting of three mountains: Northern Baseg
(951.9 m), Middle Baseg (994.7 m) and Southern Baseg (851 m). The
territory is represented by metamorphic rocks being referred to the re-
gion of low mountains in the Middle Urals. The soil-forming bedrocks
are chlorite, chlorite-sericite, mica shales and products of their weath-
ering. The climate is cold and moist like as continental. The mountain-
forest, subalpine and mountain-tundra (bald mountain) belts are distin-
guished according to the vegetation zonality.

The field studies have been carried out at the territory of this res-
ervation in the main relief elements of Northern Baseg mountain with
account of vertical zonality from 950 m (bald mountain belt) to 315 m
(mountain-forest belt). (Fig. 1). Analytical data were obtained in the
chair of soil science in State Agricultural Academy in Perm. The de-
tailed characteristics have been earlier described [54, 55, 58, 68]. The
morphological features of mountain soils are the shallow profile, indis-
tinct boundaries between the horizons, brownish color, the absence of
podzolization morphological features. According to the soil classifica-
tion of 2004 the studied soils are regarded to trunk of postlithogenic
soils including 5 orders, 6 types and 7 subtypes. Within the bald moun-
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tain belt the soils are medium-loamy in humus horizons, in the mid-
profile their texture becomes heavy loamy being decreased to medium-
loamy close to the parent material. In soils of the mountain-forest belt
it is heavy loamy. The carbon content (Ciotar) in humus horizons varies
from 3.2 to 4.1%. The soil pH(kc) is 3.01 to 3.97. The content of ex-
changeable bases is rather low (0.5-22.3 cmol(+)kg?), the hydrolytical
acidity is high (8.8-25.2 cmol(+) kg in topsoils.

These studies should be considered as a continuance of research
in mountain soils in the Middle Urals with the view of studying the
group composition of iron compounds. In the laboratory of soil physi-
co-chemistry of the V.V. Dokuchaev Soil Science Institute the soil
samples taken in 12 pits were analyzed to detect the iron content by X-
ray fluorescence analyzer ReSpect, the content of non-silicate and
amorphous iron was measured following the Mehra and Jackson pro-
cedure with subsequent atomic absorption method.

A detailed review of shortcomings in the method of iron chemi-
cal extraction has been presented in publications of VVodyanitskiy [10—
15]. In the WRB system the analyses are recommended to determine
free iron compounds following the Mehra and Jackson procedure and
the amorphous iron compounds in acid oxalate (Tamm) extraction.

In the course of our studies the analyses have been made to de-
termine the content of iron silicate compounds (Fes;), crystalline com-
pounds (Fee), Schwertman coefficient (Fec: Fenon ratio) widely applied
in practice to study the soil genesis [36, 51, 69, 70, 75, 76] and the co-
efficient of oxidogenesis [10-14]. To identify the distribution types of
iron compounds in the soil profile, the soil classification published in
2004 and Rozanov’s publication “Soil Morphology” were applied. Un-
der use were also the comparative-profile, comparative-geographical,
statistical and analytical methods. Statistical processing of the obtained
data was in Microsoft Excel and Statistica 6.0.

RESULTS AND DISCUSSION

The total content of iron (Few) is characteristic of the amount of
all the iron forms. Its average content in the studied soils makes up 6%.
According to Vinogradov it is higher than the klark of soils and the
lithosphere. In Vodyanitskiy scale (2002) this is the category with the
moderately high content except soil pits 18, 30 (average) and 31 (mod-
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erately low). On the whole, these soils are medium ferruginous. The
total content of iron is highly varied in topsoils (from 3.3 to 7.3%),
with depth it becomes increased (Fig. 1). According to peculiar distri-
bution of Fey in the soil profile three groups are distinguished: (1) dif-
ferentiation of its distribution in the profile is absent (pits 18, 19, 29,
32), (2) eluvial-illuvial type of distribution (pits 17, 26, 30) and (3)
eluvial type of distribution with varying intensity in different soil types
(pits 15, 24, 28, 27, 31) (Table 1). The types of Fe: profile distribution
serve as evidence of different correlation between the processes of
physical weathering, physico-chemical transformation of the soil mass
and the substance transfer in the course of the soil formation (Fig. 2).

Besides the total iron it is traditional to distinguish two groups of
iron compounds including silicate (Fes) and free or non-silicate (Fex).
Fesi in the studied soils varies from 1 to 7% averaged 4% and makes up
more than a half from Few: — 65% reaching sometimes 85%, it permits
to regard these soils to the siallitic group. Such iron content can indi-
cate that there is a considerable amount of its crystalline oxides. The
Fesi content prevails over its non-silicate forms in the soils under study,
thus evidencing the process of burozem formation and possible mani-
festation of subsoil claying. The main process is always accompanied
by the other soil-forming processes. Due to this fact Fesi can be present
in different soils. In burozems and gleyzems within the mountain-forest
belt (pits 15, 17, 19, 26, 27, 24) and in organo-accumulative soils of the
bald mountain belt (pits 28, 29) the iron is represented by its silicate
compounds (58.2-84.2%). Fesi being dominated over Fes speaks about
the physical disintegration and possible mineralogical transformation
of the soil mineral mass resulted in the fact that the intensity of iron
removal from minerals is rather low. In soils of the bald mountain belt
(pits 18, 30) the Fes; content is lower as compared to that in soils of the
mountain-forest belt and accounts for 22.7-61.0%. It is evident that in
soils developed at the height of 700 m about the sea level the processes
of physico-chemical weathering are dominant.

The Fes distribution along the profile is quite different in soil
types in dependence on the height: podbur (pit 18 at the height of
950 m), dark humus soil (pit 29 at the height of 613 m) reveal a weakly
expressed or undifferentiated iron distribution. In dark humus burozems
(pits 15, 17, 19) and gray humus soil (pit 28) developed at the height of
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Table 1. Iron compounds in the soils of the Northern Based mountain

Plt, HOriZOn Fetot FEns. FE(:ar Fens:Fetot F9car:Fens Feam:Fens
height % | Feam | Feer [ Sum
als. % from the total
Pit 18, |BHF 4.69| 14.07 |29.64| 43.71 | 56.29 | 0.44 1.29 0.32
955Mm  BF 452 10.18 |28.76| 38.94 | 61.06 | 0.39 1.57 0.26
Pit 30, |AU: 3.40| 18.24 |26.47| 44.71 | 55.29 0.45 1.24 0.41
900 m AU 5.09| 38.90 [11.39| 50.29 | 49.71 0.50 0.99 0.77
BM 411 17.03 |24.57| 41.61 | 58.39 0.42 1.40 0.41
CLM 3.84| 14.58 |26.04| 40.63 | 59.38 | 0.41 1.46 0.36
Pit31, [Oao 0.93| 4.30 |40.86| 45.16 | 54.84 0.45 1.21 0.10
755m [EL 1.64| 3.05|61.59| 64.63 | 35.37 0.65 0.55 0.05
CLMf |3.39| 11.21 |66.08| 77.29 | 22.71 0.77 0.29 0.15
Pit32, |AY1 8.02| 23.57 |21.07| 44.64 | 55.36 | 0.45 1.24 0.53
655m AY? 8.23| 21.14 |26.97| 48.12 | 51.88 0.48 1.08 0.44
AYT 8.53| 20.75 [30.25| 51.00 | 49.00 0.51 0.96 0.41
IBM 8.19| 16.00 |32.36| 48.35 | 51.65 | 0.48 1.07 0.33
CLM 8.01| 8.86 |35.71| 44.57 | 55.43 0.45 1.24 0.20
Pit29, |AU 7.14| 8.12 |19.75| 27.87 | 7213 | 0.28 2.59 0.29
613 m  |Alel 7.35| 8.03 [18.23| 26.26 | 73.74 0.26 281 0.31
AUmM | 7.72| 9.07 |17.62| 26.69 | 73.31 0.27 2.75 0.34
Pit27, |AYan |6.14| 13.19 | 9.93| 23.12 | 76.88 | 0.23 3.32 0.57
590m |AYg 6.66| 2344 | 7.51| 30.95|69.05| 0.31 2.23 0.76
BMg 7.13| 575 (1444 20.19 | 79.81 0.20 3.95 0.28
CLMf.g|7.60| 5.27 |17.12| 22.38 | 77.62 0.22 3.47 0.24
Pit15 AU 5.02| 15.93 |23.89| 39.82 | 60.18 | 0.40 151 0.40
577m [BM 5.98| 12.71 |24.25| 36.96 | 63.04 0.37 1.71 0.34
BMi 6.39| 9.39 [19.08| 28.47 | 71.53 0.28 251 0.33
CLM 6.14| 8.48 |25.10| 33.58 | 66.42 | 0.34 1.98 0.25
Pit19, |AU 7.81| 16.89 |15.49| 32.38 | 67.62 | 0.32 2.09 0.52
565m BMel |7.64| 10.74 |16.37| 27.11 | 72.89 | 0.27 2.69 0.40
IBM 732 7.10 (11.61| 18.71 | 81.29 0.19 4.34 0.38
CLM 759| 6.19 | 9.61| 15.80 | 84.20| 0.16 5.33 0.39
Pit24, |G 3.56| 1941 | 6.19| 25.60 | 7440 | 0.26 291 0.76
518 m |G(CLM) |6.79| 15.91 |20.63| 36.54 | 63.46 | 0.37 1.74 0.44
CLM 6.71| 6.56 [23.39| 29.95 | 70.05 0.30 2.34 0.22
Pit 26, |AY 5.60| 15.18 |15.01| 30.19 | 69.81 | 0.30 231 0.50
315m BM: 5.88| 20.93 |14.46| 35.39 | 64.61 | 0.35 1.83 0.59
BM2 559| 21.45 |13.94| 35.40 | 64.60 | 0.35 1.83 0.61
BMi 5.45| 17.61 |15.96 | 33.57 | 66.43 0.34 1.98 0.52
Pit28, |AU 6.33| 8.38 |13.75| 22.12 | 77.88 | 0.22 3.52 0.38
607 m  |AYel 7.36| 6.25|12.78| 19.03 | 80.97 | 0.19 4.25 0.33
AYm |8.23| 6.81|10.58| 17.39 | 82.61 0.17 4.75 0.39
CLM 796| 4.02 [15.20| 19.22 | 80.78 0.19 4.20 0.21
Pitl7, |AU 5.82| 18.37 [23.35| 41.72 | 58.28 0.42 1.40 0.44
590m |AUm |6.40| 17.51 |23.29| 40.79 | 59.21 0.41 1.45 0.43
BM1 5.69| 14.06 [24.42| 38.48 | 61.52 0.38 1.60 0.37
BM2 541| 9.98 |24.95| 34.93 | 65.07| 0.35 1.86 0.29
CLM 5.62| 11.91 |23.29| 35.21 | 64.79| 0.35 1.84 0.34
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Fig. 2. Changes in the content of total iron in horizons of mountain soils
(n=12).

570-610 m the distribution type is evenly-eluvial. The accumulative-
eluvial-illuvial distribution characterized by increasing the Fes content
with depth to the weathered bedrock is observed in burozems (pits 26,
27, 30, 32) and gleyzem (pit 24). And only the pit 31 displays the even-
ly-accumulative Fes; distribution along the soil profile.

The Fensi accumulation is the most important diagnostic feature
to judge about the soil formation [14, 19, 21, 22, 24, 25, 60], peculiari-
ties of the subsoil weathering [11, 17, 30, 31, 32, 66] and the relative
age of soils [36, 37, 67]. According to Fensi content the studied soils are
regarded to the group of soils with the low content of the non-silicate
iron, its content makes up 2% and only the AY horizon in pit 32 re-
veals 4%. The accumulation of no-silicate iron in the mid-profile (pits
27, 30, 32) as compared to over-and underlying horizons can serve as
evidence that the soil is polygenetic, in which the horizons of accumu-
lation are marked as boundaries between the upper humus horizons and
the lower part of the soil profile. The humus-acidic hydrolysis of the
primary minerals is weakly manifested and the iron removed due to
ferrallitization is capable to connect the acid organic matter into stable
complexes. The share of Fensi enables to assess the development degree
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of oxidogenesis in soils that is always uneven at different stages of
weathering and soil formation. It is known that at the initial stages of
weathering the iron is removed as isolated one, the further oxidogene-
sis takes place together with humatogenesis thus forming disperse and
weakly crystalline forms of iron compounds [14, 72, 75, 76].The rela-
tive Fensi content averages 35%. According to Vodyanitskiy’s scale the
studied soils are referred to categories from those with the low Feps
content (pits 27, 28] to moderately low [pits 18, 32, 31, 30m 15, 17]
and average content [pits 26, 24, 19, 29]. The Fensi:Few: ratio is varying
from 0.17 to 0.45 indicating the weakly expressed degree of oxidogen-
esis. Only the pits 30 and 31 located in the upper part of the bald moun-
tain belt and the pit 32 at the lower boundary of this belt reveal the Fen.
si:Fewt equaled to 0.5 in the lower part of the profile what is characteris-
tic of ferrallitic or allitic processes. Thus, the oxidogenesis is manifest-
ed in these soils to a more considerable extent as compared to the soils
situated at the height lower than 700 m about the sea level.

The analysis of Fens distribution throughout the soil profiles
showed that the undifferentiated type is characteristic of soils located
within the subalpine belt (pits 28, 29), burozems and gleyzems in the
mountain-forest belt reveal an eluvial-illuvial type (pits 15, 24, 27, 30,
32) indicating the presence of metamorphic claying as a process of the
profile development. The increased content of non-silicate iron in met-
amorphic horizons speaks about the process of burozem formation. The
burozems occupied the lower part of the mountain-forest belt (315 m)
display the progressive-eluvial distribution of iron (pit 26). The litho-
zem (pit 31 at the height of 755 m) shows the increase in the Feysi con-
tent close to the bedrock and the regressive-eluvial type of its distribu-
tion, on the contrary, in pits 18 (955 m), 17 (590 m) and 19 (565 m) the
Fensi is accumulated in topsoils and decreased towards the bedrock that
is typical for the evenly-accumulative type of iron distribution. The
content of non-silicate iron compounds can reach the values identical to
the content of total iron in highly weathered soils, however this phe-
nomenon is not observed in the studied soils what speaks about the
young age of these soils.

The crystalline iron compounds (Fec) make up 1%, their maxi-
mum is 3%. The distribution along the soil profile is identical to that of
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non-silicate iron being accumulated in the mid-profile, thus testifying
the claying process in the subsoil horizons.

In a number of publications the mechanisms responsible for the
formation and accumulation of oxalate-soluble oxides in soils are de-
scribed [3, 60]. It can be the in situ claying of amorphous oxides result-
ed from the rock destruction and removal of mobile elements (weather-
ing) or the input of elements from the bedrocks into the soil solution in
the course of biological turnover with consequent precipitation of
amorphous compounds (illuvial accumulation). The formation of
“amorphous” (oxalate-soluble) compounds following Tamm procedure
is associated with the conditions under which Fe(lll) is reduced to
Fe(Il) and subject to oxidation accompanying by the Fe(OH)s for-
mation.

The Feam accumulation occurs in organo-mineral horizons of bu-
rozems, in organo-accumulative soil, gleyzems (pits 15, 17, 18, 19, 28,
24, 32) and in the mid-profile of burozems (pits 26, 27, 30). The weak-
ly expressed differentiation according to amorphous and crystalline
iron forms is attributed to lessive process. In pits 29 and 31 the regres-
sive-eluvial type of distribution is observed. The distribution types in-
dicate different oxidation-reduction conditions that lead to increasing
the mobility of this iron compound. Downwards the profile the Feam
content is decreased, its mobility becomes declined as well, the maxi-
mum of which is marked only in horizons that are excessively mois-
tened and reveal the features of gleying.

The content of amorphous iron can serve as a diagnostic feature
of seasonal wetting by surface waters [36]. With increasing the hydro-
morphism degree the Fean content is also increased. In soils with acid
reaction the mobility of this element is augmenting. The organic acids
destroy the minerals being conductive to the formation of mobile com-
plex iron compounds. Due to changing the oxidation degree at the ex-
pense of excessive moisture and insufficient aeration the iron com-
pounds become mobile to a considerable extent that can lead to the
formation of concretions, bleaching of the soil mass (pit 31) and re-
moval of iron compounds by vertical and lateral runoff (pit 30).

The iron oxidogenesis is becoming a progressive soil-ecological
process [15] when the dispersed weakly crystalline iron compounds
being chemically connected with the organic matter are accumulated in
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topsoils. The most favorable conditions for the Fean accumulation are
observed in soils within the subalpine belt at a height of 900 m. Its con-
tent is rather high throughout the profile being maximal in the AU,
horizon. The increase of the Feam content in humus horizons serves as
evidence that the intensive biological turnover occurs under thin
spruce-fir forests and the grass vegetation. In the soil humus horizons
the Feam and Fec distribution seems close to each other but downwards
the profile the Feam content is sharply decreased whereas the amount of
Fec becomes increased. According to S.V. Zonn this iron behavior is
explained by dissolution of residual ferruginous films and some iron
accumulation resulted from the soil weathering.

The ratio between the silicate and non-silicate iron was used as
an independent index for the weathering degree of the soil mass. The
lesser is the value of this ratio the higher is the soil weathering degree.
In the bald mountain belt the soils on the slope of southern exposition
(pits 27-29) reveal the soil formation processes to a greater extent than
the weathering process. (Fig. 3). In burozems on the western slope of
the Northern Baseg mountain the soil-forming process is highly mani-
fested as compared to the soil on the eastern slope. In soils developed
at the height of more than 650 m the weathering processes become ac-
tivated.
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Fig. 3. The weathering degree in mountain soils (p. — pit).
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Schwertman’s criterion (Kscn) permits to judge about the crystal-
lization of free iron oxides and hydroxides. It is increasing with in-
creasing the soil hydromorphism degree [73, 74]. The sensitivity of this
criterion to excessive moistening has different explanation. Schwert-
man doesn’t consider it as a criterion of hydromorphism because it re-
flects the gleying degree but it has been established that this criterion
allows adequately diagnosing the excessive hydromorphism only in
soils subjected to the surface moistening [16, 36, 37, 74].The percola-
tive water regime is characteristic of mountain soils. In the studied soils
Ksen 1S < 1. There is an opinion that the low values of this criterion
(0.00-0.06) are inherent to the inherited gley [16]. Such a low K val-
ue is observed in the EL horizon (0.05) of the soil (pit 31) that is gray
in color without features of excessive moistening.

According to Ksn the soils are grouped in the following way
(Fig. 4).For the soils developed at the height of more than 700 m the
Ksen value is rather high due to hydromorphism under severe conditions
of mountain landscapes. The soils developed at the height of 600—700
m are subject to hydromorphism to a lesser extent owing to the lateral
runoff in soils on steep slopes. In soils at the height of less than 600 m
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Fig. 4. The soil grouping in space according to Schwertman’s criterion (Feam
Fens).
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(pits 17, 15, 19, 24, 27) the hydromorphism degree is somewhat in-
creased at the expense of the forest litter in the fir-spruce forest within
the mountain-forest belt.

The results of the group composition of iron compounds make it
possible to specify the field diagnostics of soils. It was complicated to
determine the classification position of soils developed within the bald
mountain belt (pit 18). There exists the idea that the severe conditions
in this belt of the Middle Urals are suitable only for the development of
primitive soils (petrozems, dry peaty lithozems) represented by the
humus-weakly developed and dry peaty horizons overlying the bed-
rock. Really, the soil profile 41 cm thick with genetic TJ, BH and BF
horizons was found at the height of 950 m. The analysis of the group
composition of iron compounds testified the absence of claying process
characteristic of burozems and eluvial-illuvial redistribution of iron
compounds typical for soils of podzolic type. At this height the most
typical cryogenic coagulation of weathering products, fissure formation
and freezing promote the formation of BH and BF horizons. The pres-
ence of these horizons speaks about the Al-Fe-humus illuviation that is
characteristic of podburs [60]. Thus, nder onditions of mountain tundra
within the bald mountain belt on the western slope of the Middle Urals
the dry peaty podburs have been first diagnosed and namely the ochric
subtype TJ-BH-BFan—-CLM.

The classification position of the soil (pit 31 at the height of 755
m) under the birth thin forest within the subalpine belt was debatable. It
is known that in this belt the mountain-meadow soils (Soil classifica-
tion of 1977) or organo-accumulative soils and lithozems (Soil classifi-
cation of 2004) are widely spread. In course of our field soil survey
under study was a shallow soil 22 cm thick with the well expressed
grayish-whitish horizon underlying the dark-humus one like as the pro-
file of the mountain-podzolic soil. The presence of the bleached hori-
zon doesn’t permit to classify this soil as an organo-accumulative one
because initially it was regarded to lithozems but this question re-
mained debatable as well. According to the profile thickness and eco-
logical conditions for the formation this soil can be diagnosed as litho-
zem but the profile form doesn’t permit to do it. The data of the group
composition of iron compounds in soil showed the absence of elluvial-
illuvial differentiation in the profile and helped establish that the exist-
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ing redox-Al-Fe-humus differentiation provokes the transition of iron
oxides into the mobile form, their migration and partial accumulation at
the oxidating barrier [61]. The chemogenic iron redistribution in soil is
possible at the expense of seasonal surface moistening due to terracing
of slopes, microrelief, etc. The subalpine meadows are confined to
stone-fields promoting the peculiar catchment and accumulation of rain
water. Bearing in mind the data about the content of iron forms, eco-
logical conditions for the soil formation, morphological features of ho-
rizons in this soil (pit 31), it seemed reasonable to diagnose the
bleached horizon as eluvial (EL) but not podzolic (E); the soil was re-
ferred to the order of eluvial soils, to the type of soddy-eluvozem and
ferruginous subtype. In view of the shallow profile the soil was classi-
fied as litho-soddy-ferruginous eluvozem (O-ay—EL-CLMf).

CONCLUSION

The field diagnostics of mountain soils doesn’t permit to study in
detail their genesis and position in soil classification due to the simi-
larity of some morphological features. The group composition of iron
compounds provides additional information on dominant soil-forming
processes and allows diagnosing these soils in accordance with the pre-
sent-day approaches of the soil classification.

The group composition of iron compounds in mountain soils of
the Middle Urals made it feasible to diagnose the crystalline iron forms
in the soil profile, their predominance and increasing with depth
whereas the content of amorphous iron forms becomes decreased (bu-
rozem formation). Thanks to the group composition of iron compounds
it was also possible to determine the biological iron fixation, oxidogen-
esis, gleying process, Al-Fe-humus illuviation, redox-Al-humus differ-
entiation reflected in the names of the studied soils at the level of types
and subtypes. The features of podzolization haven’t been identified in
these soils because the content of free iron compounds is rather low in
the topsoil.

The changes in conditions for the soil formation are accompa-
nied by redistribution of the ratio between different iron forms along
the soil profiles. The character of their profile distribution allows diag-
nosing the correlation between the processes of soil formation and
physical weathering.
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In mountain soils the ratio between the groups of iron com-
pounds reflects the dependence of changes in their content on the con-
ditions of vertical-elevated belts, slope exposition and the height of the
area. The decline in the content of silicate iron and the increase of the
amount of free iron compounds are observed depending on the absolute
height and vegetation alteration.

According to the group composition of iron compounds it be-
came possible to determine the classification position of the studied
soils as illuvial-humus, clayey-illvial, ferruginous, metamorphized,
elluvial ones. Thus, the group composition of iron compounds permit-
ted to improve the field diagnostics of soils and to define their genetic
name in accordance with the soil classification system of 2004.

Acknowledgement: The authors of this paper are grateful to Dr.
Khitrov and Kovaleva N.O. for valuable pieces of advice in discussing
the given material.

REFERENCES

1. Aisina N.R., Abakumov E.V., Gagarina E.I. Burozemy gornoi chasti
Zhigulevskogo zapovednika, Samarskaya Luka. Byulleten', 2008, T. 17, No 1
(23), pp.55-70.

2. Barri Abdulai. Sravnitel'naya geografo-geneticheskaya kharakteristika
burozemov Kavkaza i Tyan'-Shanya: Extended abstract of candidate’s thesis,
Moscow, 1979, 22 p.

3. Belousova N.I. Oksalatorastvorimye soedineniya Al, Fe i Si v poch-
vakh kholodnykh gumidnykh oblastei kak funktsiya vyvetrivaniya,
Pochvovedenie, 2006, No 1, pp.7-18.

4. Bogatyrev K.P. Dernovye gorno-lesnye pochvy, kak osobaya geo-
graficheskaya forma vysokogornogo pochvoobrazovaniya, Pochvovedenie,
1947, No 12, pp.704-714.

5. Bogatyrev K.P., Nogina N.A. Pochvy gornogo Urala, Tr. Pochv. in-ta
AN SSSRAZR. 1962, pp.5-48.

6. Borisova 1.G. Prirodnye osobennosti gornotaezhnykh landshaftov
Verkhnego Priamur'ya, Geografiya i prirodnye resursy, 2012, No 4, pp.126-
136.

7. Vasil'ev A.A., Romanova A.V., Gilev V.Yu. Tsvet i gidromorfizm
pochv Permskogo kraya, Permskii agrarnyi vestnik, 2014, No 1 (5), pp.28-38.
8. Vasil'ev S.V. Transformatsiya soedinenii zheleza v protsessakh
pochvoobrazovaniya: Extended abstract of candidate’s thesis, Moscow, 1989.
16 p.

el01



Byulleten Pochvennogo instituta im. V.V. Dokuchaeva. 2015. Vol. 79.

9. Vladychenskii A.S., Kovaleva N.O., Kosareva Yu.M., Ivanov V.V.
Mineralogiya i valovoi sostav pochv trogovykh dolin Khibinskogo gornogo
massiva, Rol' pochv v biosfere. Tr. In-ta ekologicheskogo pochvovedeniya
MGU im. M.V. Lomonosova. 2006, VVol.7, pp.134-151.

10.  Vodyanitskii Yu.N. Deistvie ditionitsoderzhashchikh reaktivov na min-
eraly v pochvakh, Pochvovedenie, 2002, No 5, pp.552-563.

11.  Vodyanitskii Yu.N. Obrazovanie oksidov zheleza v pochve (The for-
mation of iron oxides in the soil), Moscow, 1992. 273 p.

12.  Vodyanitskii Yu.N. Soedineniya zheleza i ikh rol' v okhrane pochv, Tr.
Pochv. in-ta im. V.V.Dokuchaeva, Moscow, 2010, 282 p.

13.  Vodyanitskii Yu.N. Khimiya i mineralogiya pochvennogo zheleza
(Chemistry and mineralogy of soil iron), Moscow, 2002. 236 p.

14.  Vodyanitskii Yu.N., Shishov L.L. Izuchenie nekotorykh pochvennykh
protsessy po tsvetu pochv (The study of some soil processes on the color of the
soil), Moscow, 2004. 84 p.

15.  Vodyanitskii Yu.N., Shoba S.A. Biogeokhimiya zheleza v pereuvla-
zhnennykh pochvakh (analiticheskii obzor), Pochvovedenie. 2013, No 9,
pp.1047-1059.

16.  Vodyanitskii Yu.N., Shoba S.A. Diskussionnye voprosy interpretatsii
rezul'tatov  khimicheskoi ekstraktsii  soedinenii zheleza iz  pochv,
Pochvovedenie, 2014, No 6, pp.697-704.

17.  Gradusov B.P. Strukturno-mineralogicheskie aspekty protsessov
pochvoobrazovaniya i litogeneza v gumidnykh oblastyakh boreal'nogo i sub-
tropichesko-tropicheskogo poyasov, Pochvovedenie, 2005, No 10, pp.1174—
1182.

18.  Dvurechenskii V.G. Geografo-geneticheskaya kharakteristika form
zheleza v embriozemakh Kuzbassa: Extended abstract of candidate’s thesis,
Novosibirsk, 2011, 19 p.

19.  Dvurechenskii V.G. Ispol'zovanie pokazatelei gruppovogo sostava
zheleza dlya geneticheskoi diagnostiki protsessov pochvoobrazovaniya v em-
briozemakh tekhnogennykh landshaftov Kuzbassa, Pochvovedenie i
agrokhimiya, 2010, No 2, pp.12-22.

20.  Dvurechenskii V.G. Ispol'zovanie pokazatelei gruppovogo sostava
zheleza dlya geneticheskoi diagnostiki protsessov pochvoobrazovaniya v
tekhnogennykh landshaftov, Sb. mat-lov Vseros. nauch. konf. “Sovremennye
pochvennye klassifikatsii i problemy ikh regional'noi adaptatsii”, Vladivostok,
2010, pp. 177-181.

21.  Dedkov V.S., Pavlova T.S. struktura pochvennogo pokrova kak osnova
pochvennogo raionirovaniya zapadnykh predgorii Srednego Urala, Serye le-
snye pochvy Predural'ya i ikh ratsional’'noe ispol‘zovanie, Sverdlovsk, 1982,
pp.40-57.

€102



Byulleten Pochvennogo instituta im. V.V. Dokuchaeva. 2015. Vol. 79.

22.  Dymov AA., Zhangurov E.V. Morfologo-geneticheskie osobennosti
pochv Kryazha Enganepe (Polyarnyi Ural), Pochvovedenie, 2011, No 5,
pp.515-524.

23.  Zonn S.V. Zhelezo v pochvakh (Iron in soils), Moscow, 1982. 208 p.
24.  Zonn S.V., Eroshkina A.N., Karmanova L.A. O gruppakh i formakh
zheleza kak pokazatelya geneticheskikh razlichii pochv, Pochvovedenie. 1976,
No 10, pp.145-158.

25.  Zonn S.V., Rukaka S.V. Metody opredeleniya nesilikatnykh form
zheleza v pochvakh, Pochvovedenie, 1978, No 2, pp.89-101.

26.  Ivanova E.N. Gornolesnye pochvy Srednego Urala, Tr. Pochv. in-ta AN
SSSR, 1949, T. 30, pp.168-193.

27. Ivanova E.N. Pochvy Urala, Pochvovedenie, 1947, No 4, pp.213-227.
28.  Ilina L.S., Krinari G.A., Karpachevskii L.O., Morozov V.P. Aeral'nyi
privnos mineral'nykh veshchestv v lesnye pochvy Sikhote-Alinya,
Pochvovedenie, 1993, No 3, pp.5-14.

29.  Karmanova L.A. Obshchie zakonomernosti sootnosheniya i raspredele-
niya form zheleza v osnovnykh geneticheskikh tipakh pochv, Pochvovedenie,
1978, No 7, pp.49-62.

30.  Karpachevskii L.O. Pochvoobrazovanie v gorakh Sikhote-Alinya (Soil
formation in the Sikhote-Alin mountains), Moscow, GEQOS, 2012. 138s.

31.  Karpachevskii M.L., Shevchenko E.M. Sootnoshenie litogennykh i
tsenogeneticheskikh faktorov pri formirovanii burykh lesnykh pochv Srednego
Urala, Pochvovedenie, 1997, No 1, pp.22-30.

32.  Kirichenko A.V. Mineralogicheskii i khimicheskii sostav granulo-
metricheskikh fraktsii krasnozemov Zapadnoi Gruzii (The mineralogical and
chemical composition of size fractions krasnozems Western Georgia): Extend-
ed abstract of candidate’s thesis, Moscow, 1985, 24 p.

33.  Kisileva Yu.A. Osobennosti formirovaniya pochv polesii na primere
zapovednika “Bryanskii les” (vnov' k voprosu o burozemno- i podzoloobra-
zovanii), Rol" pochv v biosfere: Tr. In-ta ekologicheskogo pochvovedeniya
MGU. 2002, Vol.1, pp.78-94.

34.  Kilassifikatsiya i diagnostika pochv Rossii (Classification and diagnosis
of soil Russia). Smolensk: Oikumena. 2004. 342 p.

35.  Kilassifikatsiya i diagnostika pochv SSSR (Classification and diagnosis
of soil USSR, Moscow, Kolos, 1977. 223 p.

36. Kovalev 1.V., Kovaleva N.O. Zhelezo v agroserykh pochvakh Bry-
anskogo opol'ya, Rol' pochv v biosfere: Tr. In-ta ekologicheskogo
pochvovedeniya MGU. 2012, VVol.12, pp.78-94.

37. Kovalev 1.V. Sarycheva 1.V. Soedineniya zheleza v serykh
gidromorfnykh pochvakh, Vestn. Mosk. un-ta. Ser. 17, Pochvovedenie. 2007,
No. 2. pp. 30-36.

€103



Byulleten Pochvennogo instituta im. V.V. Dokuchaeva. 2015. Vol. 79.

38. Kozlova A.A., Khalbaev V.L. i drazr. Soderzhanie razlichnykh form
zheleza v pochvakh yuzhnogo Predbaikal'ya, Mezhdunarazr. zhurn. priklad-
nykh i fundamental'nykh issledovanii, 2014, No 5, pp.56-61.
www.rae.ru/upfs/?section=content&op=show_article&article_id =5336 (data
obrashcheniya 29.09.2014).

39.  Korotaev N.Ya. Pochvy Permskoi oblasti (The soils of the Perm re-
gion). Perm’, 1962, pp.247-268.

40. Kuz'min V.A., Chernegova L.G. Soderzhanie i sootnoshenie form
zheleza v avtomorfnykh pochvakh Stanovogo nagor'ya, Pochvovedenie, 1978,
No 11, pp.5-12.

41.  Kuz'min S.B., Shamanova S.1., Kazanovskii S.G. Opredelenie vysotnoi
poyasnosti Zapadnogo Pribaikal'ya na osnove analiza rel'efa i dendroflory,
Geografiya i prirodnye resursy, 2012, No 4, pp.137-149.

42.  Matinyan N.N., Tochel'nikov Yu.S., Khitrov N.B. Formy zheleza i al-
yuminiya vo vremenno pereuvlazhnennykh pochvakh taezhnoi zony,
Pochvovedenie, 1980, No7 S. 58-65.

43. Maung Vin Khtin. Formy zheleza i ikh znachenie dlya diagnostiki
pochv Birmy: Extended abstract of candidate’s thesis, Moscow, 1970. 23 s.

44.  Mikhailova R.P. Burye grubogumusnye nenasyshchennye pochvy
Urala, Tr. Pochv. in-ta im. V.V. Dokuchaeva, 1977, pp.87-142.

45.  Mikhailova R.P. Burye grubogumusnye pochvy srednei taigi Urala
(svoistva, genezis, klassifikatsionnoe polozhenie): Extended abstract of candi-
date’s thesis, Moscow, 1975. 41 s.

46.  Mikhailova R.P. Mikromorfologicheskie i khimicheskie osobennosti
burykh grubogumusnykh pochv tsentral'no-gornoi polosy Srednego Urala,
Pochvovedenie, 1976, No 6, pp.10-15.

47.  Molchanov E.N. Gorno-lugovye pochvy vysokogorii Zapadnogo
Kavkaza, Pochvovedenie, 2010, No 12, pp.1433-1448.

48.  Murashkina M.A., Kopshchik G.N., Sauzard R.Dzh., Chizhikova N.P.
Soedineniya zheleza, alyuminiya, kremniya i margantsa v pochvakh lesnykh
ekosistem taezhnoi zony, Pochvovedenie, 2004, No 1, pp.40-49.

49.  Nedbaev N.P. Vliyanie podkisleniya na sostoyanie alyuminiya, zheleza
i margantsa v pochvakh lesnykh biogeotsenozov: Extended abstract of candi-
date’s thesis, Moscow, 1995. 25 .

50. Nogina N.A. Vliyanie porod na podzoloobrazovanie v gornoi chasti
Srednego Urala, Tr. Pochv. in-ta AN SSSR, 1948. T. 28, pp.124-190.

51.  Orlov D.S., Sadovnikova L.K. Khimiya pochv (Soil Chemistry), Mos-
cow, 2005. 558 p.

52.  Osipov S.V., Shlyakhov S.A. Pochvy gornykh taezhnykh i gol'tsovykh
landshaftov v verkhov'yakh reki Burei (Dal'nii Vostok), Geografiya i prirod-
nye resursy, 2012, No 4, pp.180-183.

el04



Byulleten Pochvennogo instituta im. V.V. Dokuchaeva. 2015. Vol. 79.

53.  Rozanov B.G. Morfologiya pochv (The morphology of the soil), Mos-
cow, 2004, 432 p.

54.  Samofalova I.A., Luzyanina O.A. Pochvy zapovednika “Basegi” i ikh
klassifikatsiya, Permskii agrarnyi vestnik, 2014, No 1(5), pp.50-60.

55.  Samofalova I.A., Luzyanina O.A. Formy Kislotnosti pochv na zapad-
nom makrosklone Srednego Urala (zapovednik “Basegi”), ” Mezhdun. nauch.-
prakt. konf. “Aktual'nye problemy nauki i agropromyshlennogo kompleksa v
protsesse evropeiskoi integratsii”, Perm', 2013, pp. 251-257.

56.  Samofalova I.A., Luzyanina O.A. Ekologo-geneticheskaya kharakteris-
tika pochv gorno-lesnogo poyasa na Srednem Urale, Izv. Samarskogo nauch-
nogo tsentra RAN, 2013, T. 15, No 3(4), pp.1426-1431.

57.  Samofalova I.A., Luzyanina O.A., Kul'kova L.V., Maulina E.RAZR.
Diagnostika pochv gorno-lesnogo poyasa na Srednem Urale (na primere
khrebta Basegi), Sb. mat-lov Mezhdunar. nauch. konf. “Pochvy Azerbai-
dzhana: genezis, geografiya, melioratsiya, ratsional’'noe ispol'zovanie i
ekologiya”, Baku, 2012, T. XII. Ch. 2, pp.970-979.

58.  Semikolennykh A.A., Bovkunov A.D., Aleinikov A.A. Pochvy i poch-
vennyi pokrov taezhnogo poyasa Severnogo Urala (verkhov'ya reki Pechora),
Pochvovedenie, 2013, No 8, pp.911-923.

59.  Sympilova D.P., Gyninova A.B. Pochvy podtaezhnykh landshaftov
otrogov khrebta Tsagan-Dban Selenginskogo srednegor'ya, Pochvovedenie,
2013, No 3, pp.270-276.

60. Targul'yan V.O. Pochvoobrazovanie i vyvetrivanie v kholodnykh
gumidnykh oblastyakh (Soil formation and weathering in cold humid areas),
Moscow, 1971. 268 p.

61.  Tonkonogov V.D., Lebedeva I.1., Gerasimova M.l. Osnovnye gorizon-
to- i profileobrazuyushchie protsessy v pochvakh Rossii, Pochvoobra-
zovatel'nye protsessy, Moscow, 2006, pp.13-38.

62. Totskaya V.S., Goncharova L.Yu. Burye lesnye pochvy respubliki
Adygeya i ikh sovremennoe sostoyanie, Mat-ly Vseros. molodezhnoi nauch.
konf, Tomsk, 2012, pp.469-476.

63. Urushadze T.F. O nekotorykh aspektakh pochvoobrazovaniya v
gornykh regionakh, Pochvovedenie, 1979, No 1, pp.131-143.

64.  Firsova V.P. Burye gorno-lesnye pochvy Urala, Pochvovedenie, 1991,
No 4 S. 47-58.

65.  Firsova V.P., Goryacheva T.A., Prokopovich E.V. Sravnitel'naya kha-
rakteristika svoistv gornykh pochv Srednego Urala, Pochvovedenie, 1963, No
58S. 16-25.

66. Fokin A.D. Rol' rastenii v pereraspredelenii veshchestv po poch-
vennomu profilyu, Pochvovedenie, 1999, No 1, pp.125-133.

€105



Byulleten Pochvennogo instituta im. V.V. Dokuchaeva. 2015. Vol. 79.

67.  Chernyakhovskii A.G. Nekotorye voprosy fizicheskogo i fiziko-
khimicheskogo vyvetrivaniya gornykh porod, Kora vyvetrivaniya, Moscow,
Nauka, 1968, Vol. 10.

68. 68. Shoba S.A., Kovaleva N.O., Samofalova I.A., Luzyanina O.A.
Osobennosti prostranstvennoi differentsiatsii pochv zapovednika “Basegi”
(Srednii Ural), Rol' pochv v biosfere: Tr. In-ta ekologicheskogo pochvovedeni-
ya MGU. 2014, Vol.14, pp.5-17.

69. Blume H.R., Shvertman U. Genetic evaluation of profile distribution of
aluminium, iron and manganese oxides, Soil Sci. Soc. Am. Proceedings. 1969.
V. 33. Ne 3. P. 438-444.

70.  Bodegom P.M., Reeven J., Gon H.A.C.D. Prediction reducible soil iron
content from iron extraction data, Biogeochemeistry, 2003, V. 64, P. 231-245.
71.  Soil Survey Laboratory Methods Manual, Soil Survey Investigations
Report No. 42, Version 4.0. Lincoln, USA, 2004. Natural Resources Conser-
vation Service. 735 p.

72.  Mehra J.P., Jackson M.L. Iron oxide removal from soils and clays by
dithionite-citrate systems buffered with sodium bicarbonate, Clays Clay Min-
er, 1960, V. 7, P. 317-327.

73.  Samofalova I., Luzyanina O., Maulina E., Kulkova L. Features soil
mountain-taiga zone the middle urals, Igdir University J. Institute Science
Technology, 2012, P. 93-100.

74.  Schwertmann U. Occurrence and formation of iron oxides in various
pedoenviroment, Iron in soil and clay minerals. Dordrecht: Rediel, 1988, P.
267-308.

75.  Shvertman U., Fizpatrick R.W. Iron Minerals in Surface Environments,
Biomineralization processes of iron and manganese: modern and ancient en-
vironments. Fizpatrick Gremlingen—Destedt: Catena-Verlag, 1992, 432 p.

76.  Sposito G. The surface chemistry of soils. Oxford University Press,
1984, 234 p.

77.  Van Reeuwijk L.P. Procedures for soil analisis, Technical Report 9,
Wageningen, Netherlands, 2006.

€106





