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Abstract—The genesis of soils with the second humus horizon (SHH)—the most striking relict feature in the
profiles of soddy-podzolic (Retisols) and gray (forest) soils (Luvisols)—is discussed. The Middle Holocene
radiocarbon age of the SHH, its dark color, and the discrepancy of its properties and the properties of modern
humus horizons of forest soils have specified the main issues in the study of SHH: the character of climate
changes and shifts of the boundaries of natural zones in the Holocene and the reflection of these changes in the
evolution of the soil profiles. We consider the history of studies, systematization, geographic distribution, and
modern properties of the SHH. On the basis of the analysis of Holocene paleosols, we try to characterize the pro-
totype of the SHH, to estimate its age, and to trace stages of its development in the Holocene. We have also tried
to find analogous soils with the SHH outside of Russia. According to the accepted hypothesis, SHHs are residual
paleoclimatogenic formations. Other hypotheses consider them as buried horizons, a result of paleohydromor-
phism, etc. Dark humic substances of SHHs were formed in the first half of the Holocene and are characterized
by extremely high stability. This allows them to survive in the aggressive environment of the eluvial horizons of
Retisols and Luvisols. Under the influence of biochemical and mechanical (tree uprooting) factors, SHHs are
strongly transformed, which complicates their study. At the same time, well-preserved Chernozems and dark-
colored Phaeozems buried under kurgans and other earthy structures and sediments make it possible to establish
the prototype of the SHH and to trace its degradation in the late Holocene. Within the East European Plain, the
thickness and age of the SHH vary in agreement with the hypothesis of the residual paleoclimatogenic genesis
of this horizon. The validity of the hypotheses of the buried nature and hydrogenic origin of the SHH is dis-
cussed. At present, interest in soils with the SHH in Russia has somewhat weakened. In Central Europe and
North America, soils with the SHH have not been studied, but research into the problem of relict chernozems is
being actively pursued. In our opinion, the combination of these two types of objects and, accordingly, the direc-
tions of research can lead to more definite conclusions about the origin and evolution of soils with the SHH.
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INTRODUCTION

The second humus horizon (SHH) is the most
widespread and pronounced relict (inherited) feature
in soddy-podzolic, gray (Retisols, Luvisols),1 and
other modern soils with a texture-differentiated pro-
file in the central parts of the East European Plain and
West Siberian Lowland, as well as in some other
regions [2, 16, 23, 25, 57, 64, 65]. The SHH occurs in
the lower part of the eluvial horizon, or in the upper
part of the illuvial horizon of these soils, at depths
from 15–25 to 70–80 cm, in some cases up to 100 cm.

Since the beginning of the 20th century, many
hypotheses explaining the formation of this striking
feature have been suggested. In addition to the initial
point of view, according to which SHH is a residual
paleoclimatogenic horizon, other theories of its origin
were proposed. Thus, turbational, buried, paleohy-
drogenic, postcarbonate, and other kinds of SHHs
were distinguished (typology according to [28]). In
comparison with the hypothesis of paleoclimatogenic
origin of the SHH, other hypotheses are less substan-
tiated. In particular, this refers to the hypotheses of the
burial of SHH and their formation under the impact of
various soil turbation processes (the latter hypothesis
is less discussed). Note that in the case of SHH burial
(e.g., by f luvial or turbation processes), several such

1 Soil names are given according to the Russian soil classification
system and the WRB [32, 85].
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horizons can be formed (second, third, fourth humus
horizons, etc.). Thus, the term second humus horizon
can be applied to such horizons only conditionally.

In terms of its color and composition, the SHH
does not correspond to the nature of modern pedo-
genesis. Another problem is closely connected with
the problem of the genesis of SHH—the problem of
paleochernozems found within the forest zone [39,
90]. According to the dominant hypothesis, these
soils, as well as SHHs, are considered paleoclimato-
genic formations. However, at present, there are sig-
nificant discrepancies between different reconstruc-
tions of changes in pedogenesis and bioclimatic con-
ditions in the Holocene: from complete denial of such
changes to unambiguous adherence to the Blytt–Ser-
nander scheme of climatic periods [36, 63]. In this
regard, it seems that the study of such relics as the
SHH and paleochernozems, which are not character-
istic of the nature of pedogenesis in the forest zone,
should significantly contribute to our knowledge of
the evolution of soils and the environment in the
Holocene [3, 42, 43, 60, 88]. The problems related to
the origin of soils with the SHH are large and varied.
In this review, we discuss the following issues: history
of study of the soils with SHH, systematization of
SHHs, hypotheses of SHH formation, geographic dis-
tribution of the soils with SHH, and characteristic mor-
phological features and analytical properties of SHHs.
The significance of paleosols buried under kurgans
(burial mounds), in floodplain sediments, and in the
depressions of the relief for elucidating the prototypes of
SHH is also discussed. Analogues of soils with the SHH
outside Russia are briefly considered. Stages of the evo-
lution and age of SHHs, the stability of humus in these
horizons, and the processes of degradation of the SHH
in the modern soils are analyzed.

HISTORY OF THE STUDY
OF SOILS WITH THE SHH

The horizon under consideration, which is now
called the SHH, was first described in 1914 in the pro-
files of soddy-podzolic soils of Western Siberia [16]
and gray forest soils of the North Caucasus [64, 65].
Then, SHHs were found in soils on the East European
Plain [23, 57]. According to data for the mid-1980s,
the area of soils with the SHH expanded signifi-
cantly; such soils were described over large areas
from the forest-steppe to the middle taiga subzone in
the Western and, partly, Central Siberia; in the East
European Plain, they were found from the north of
the forest-steppe zone to the northern taiga subzone
[29, 57]. Later, they were also found in the typical
and southern forest-steppe in the center of the East
European Plain [60].

Initially, these soils were called differently: second-
ary podzols [16], gray forest soils over chernozem [64,
65]. In their main northern area, they were called sec-
ondary podzolic soils [23, 24]. Despite the natural dif-

ferences between these soils because of sharp differ-
ences in the environmental conditions—shallow depth
of SHH in the north and its deep position in the south
(North Caucasus)—their genesis was independently
explained in a similar way: degradation processes that
led to the destruction of the upper part of the humus
profiles of previously formed soils. The hypotheses
advanced by Dranitsyn and Yakovlev were based on
the idea about the evolution of soils and soil cover. In
that period, Dokuchaev’s pedology was developing,
and ideas about the evolution of soils over time and
soil transformation in relation to changes in the envi-
ronmental conditions were quite natural. In fact, these
ideas were advanced by Dokuchaev [14, 15] and other
researchers [18, 33, 34, 46, 79, 80].

The term second humus horizon (SHH) appeared
later, for example, in [40]. In our opinion, this term is
not quite appropriate for the considered phenomenon.
It presupposes an expansive interpretation going far
beyond the originally identified objects, i.e., soils of
forest genesis with an inherited (residual) dark humus
horizon formed under different conditions, in steppe
or grassland environments. With the approval of the
term SHH and its inclusion in the soil classification
system, its interpretation became even wider; this term
was applied to the inherited humus horizons, buried
humus horizons, recent illuvial humus horizons, and
to geological relics of other epochs not related to the
Holocene evolution of the considered soils. We argue
that the term residual humus horizon [17] would be
more appropriate.

SYSTEMATIZATION OF SHHs 
AND HYPOTHESES OF THEIR ORIGIN

The most complete systematization of SHHs is
given in [28, 29]. In these works, the inherited paleo-
climatogenic soil formations were referred to as SHHs
proper. In our paper, we consider the origin and distri-
bution of soils with the SHH mainly from the stand-
point of this initial hypothesis, as a paleoclimatic relic
(residual, inherited, associated with the degradation of
the upper part of the original dark-colored horizon).
Similar approach is developed in [23, 25, 26, 41, 44,
53, 57].

Based on these ideas, the following definition of
the SHH can be given: SHH is a dark-colored horizon
lying in the profiles of soddy-podzolic, gray (Retisols,
Luvisols), and some other soils within the eluvial
(E) horizon and/or within the upper part of the illuvial
Bt horizon, at depths from 15–25 to 70–80 cm (some-
times, up to 100 cm), which is not a buried horizon; it
is a residual formation inherited from the original
dark-humus A horizon of Chernozems or dark-humus
Phaeozems and containing stable forms of humus dif-
fering from those in the modern gray-humus A hori-
zons forming under forests.
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At the first stage of the study of soils with the SHH,
two main stages of their formation (steppe and forest)
were identified, but the age of these soils was deter-
mined presumably. Subsequently, these stages were
tied to the stages of development of the natural envi-
ronment in the Holocene, which was facilitated by the
development of paleogeography, ideas about the age
of soils, and methods of their dating [9, 58, 62, 98].
Initially, paleopedological data were of great impor-
tance in constructing schemes for the evolution of the
environment in the Holocene [9]. An important role
in them was played by the results of studying soils with
relict dark-colored horizons, but then the methods of
paleobotany played the major role [38, 48, 58, 71, 74].

The number of works devoted to soils with the
SHH is extremely large; in this paper, only the most
significant and influential studies are mentioned. In
the majority of works, SHHs are interpreted as relict
residual paleoclimatogenic formations [3, 11, 13, 16,
19, 23–25, 33, 41–43, 46, 47, 54, 60, 64, 65]. Some-
times, the genesis of the residual horizons is explained
by changes in the hydrological regime because of the
development of the relief or tectonic movements [31,
40, 56]. In a number of works, the SHH is considered
a buried relic [36, 49].

The problem of Holocene chernozems that are
often found within the forest zone (e.g., chernozems
of the Vladimir opolie [37, 39, 52]) is close to the prob-
lem of soils with the SHH. In the areas of forest soils
(Luvisols), paleochernozems have also been found in
Central Europe [88, 90]. There, as well as in Russia,
chernozems are found under kurgans (burial mounds)
of the Neolithic and Bronze ages, now under the forest
[3, 60, 78, 83, 86]. These soils are of great importance
for understanding the history of pedogenesis in the
Holocene and, in particular, display those prototypes
[44] that served as the basis for the formation of soils
with the SHH and allow us to elucidate the nature of
the evolution of the initial chernozems into soils with
the SHH.

It should be noted that, despite the long history of
studies of the SHH phenomenon, its genesis is still
debatable, and the evolution of soils at the for-
est/steppe border is a matter of discussion. With the
appearance of alternative hypotheses of the genesis of
SHHs, interest in this problem somewhat decreased,
which is obviously associated with an increase in the
complexity of the problem and the impossibility of
solving it based on the use of traditional research
methods. In our opinion, to obtain more definite
results, it is necessary to use methods of related sci-
ences: paleopedology, paleogeography, and archaeo-
logical soil science [22, 51].

DISTRIBUTION OF SHHs

Second humus horizons have been found in soils
over vast areas [57] and under different climatic condi-

tions. The distribution of residual SHHs is limited by
bioclimatic and lithological factors, the first of which
determined the general patterns of the SHH and the
second contributed to different degrees of preservation
of the SHH in modern soils at the regional and local
levels.

1. Bioclimatic factors. Temperature and precipita-
tion differ in the area of soils with the SHH, but the
ratio between temperature and atmospheric precipita-
tion is relatively stable and corresponds to the transi-
tion from forest to steppe. The area of SHHs stretches
in the form of a wide strip along the southern border of
the forest zone, across the East European Plain and
West Siberian Lowland and, in the form of separate
islands, in Central Siberia and the Far East [57]. The
second, narrower, strip runs along the foothills of the
North Caucasus (Fig. 1).

2. Lithological conditions and relief play an import-
ant role in the development and preservation of SHHs.
These horizons are mainly found in soils developing
from mantle loams and loess. In some cases, SHHs
can be found in soils developing from moraine depos-
its and loamy alluvium; they are absent in sandy soils.
Also, great difficulties in the study of SHH and paleo-
chernozems arise when the thickness of loams is low,
and they are underlain by sand or red-colored rocks.
The preservation of SHH depends on the topographic
conditions, which determine the hydrological regime
of soils, and on the soil texture. For example, studies
in Novosvobodnaya (Adygea) showed that the preser-
vation of SHH increases in soils developed from
heavy-textured parent materials, in the profile of
which organo-mineral bonds become stronger, as well
as in areas with weakened drainage, within which even
a slight increase in anaerobic conditions weakens the
microbial decomposition of soil OM [3]. In the case of
close embedding of the soil with lithogenic carbonates
(calcareous rocks), the stability of humus in the SHH
increases even more.

Within the vast area of soils with the SHH (East
European Plain, Western Siberia and the North Cau-
casus), its maximum degree of expression is character-
istic of light gray and gray forest soils (Albic Luvisols,
Luvic Phaeozems); to the north and south of their
range, the SHH becomes less pronounced. Thus, in
the soddy-podzolic and podzolic soils, the SHH
becomes lighter and thinner, up to its complete disap-
pearance. In the subzone of clay-differentiated cher-
nozems (Luvic Chernozems), the SHH is not visible,
because it is included in the modern humus profile
[35]. It should be noted that not only along the periph-
ery of the area of SHH but also within its core area—a
wide strip from the Carpathian region to the Yenisei
River—the distribution of SHH is discontinuous,
intermittent, which is associated with the heterogene-
ity of the factors of its formation and degradation.

Bioclimatic conditions differ significantly within a
large area of soils with the SHH. This predetermined
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the diversity of the original dark-colored soils, and
soils with the SHHs derived from them. In the north,
where the activity of soil biota is weakened, the origi-
nal dark-colored horizons were shallow; therefore, the
SHHs lie close to the surface. Thus, in podzolic soils
of Vologda oblast, SHHs appear in the form of mottles
already at a depth of 6 cm [28]. In southern regions,
they lie much deeper—in the second half of meter
(Fig. 2), which is consistent with the development of
deep initial chernozems in this area [4]. It is interesting
that geographically determined differences are mani-
fested not only in the thickness and depth of the SHH
and its prototypes but also in their age.

In addition to the residual climatogenic SHHs
proper, the age and depth of which corresponds to the
geography of factors and processes of their formation,
buried and turbated variants of the SHH locally occur;
their age and depth may be different.

MODERN PROPERTIES OF THE SHH
True paleoclimatogenic SHHs are characterized by

a set of morphological and physicochemical proper-
ties. The analysis of our own and literature data indi-

cates that the SHHs are strictly confined to the partic-
ular stratigraphic position: they are present in the light
material of eluvial (E) horizon, mostly in its lower
part; in the case of the deep initial humus horizons,
they may be found in the upper part of the Bt horizon
[25, 43]. In the North Caucasus, dark well-preserved
SHHs lie in the deep part of the Bt horizon (60–100 cm).
However, some signs of degraded dark-colored humus
are also seen in the lower part of eluvial (E) horizon.
Often, poorly preserved SHH variants are character-
ized by a mottled color pattern. Except for the dark
color, other morphological properties of the original
humus horizon—crumb structure, bulk density, pedo-
features—have not been preserved. The modern prop-
erties of the SHH correspond to those horizons of the
modern soil profile, in which it is located [25, 41, 44].

Owing to the long-term occurrence of the SHH in
an aggressive (acidic) medium in the part of the pro-
files of podzolic, soddy-podzolic, and other soils with
a texture-differentiated profile (Retisols, Luvisols)—
in the E horizon or in the upper part of the Bt hori-
zon—not only morphology but also physicochemical
properties of the initial humus horizon are strongly
transformed. Usually, the SHH has a high acidity,

Fig. 1. Distribution of SHH and dark-colored paleosols (according to the authors' materials and other sources): (a) main study
areas, (b) East European Plain, and (c) West Siberian Lowland; 1—soils with SHH, 2—buried chernozems and dark humus soils,
3—area of SHH, and (4) border between broadleaved forest and forest-steppe zones. Numbers on the map: (1) Totma [28],
(2) Yaransk, (3) Aleevo, (4) Prokop’evo, (5) Vilovatovo, (6) Atlikasy, (7) Nizhny Novgorod, (8) Rostov Velikii, (9) Murom,
(10) Izhevskoye, (11) Ryazan, (12) Ranis, (13) Smolensk, (14) Roslavl (data of Dolgova, 1964), (15) Podol’sk, (16) Malmyzh,
(17) Novogrudok, (18) Kulikovo Field, (19) Perekhval, (20) Voronezh, (21) Borisovka, (22) Shebekino, (23) Kungur [23],
(24) Tiribrovo, (25) Efremov, (26) Podgortsy, (27) Sarniki, (28) Sadgora, (29) Dashava, (30) Truskavets (data of Sulimirski,
1968), (31) N. Strutin, (32) Troyan Val, (35) Kodry, (36) Kruglik, (37) Romny, (40) Novosvobodnaya, (41) Bogatyrskaya Polyana,
(42) Nal’chik (Kulikov’s data), (43) Urvan’, (44) Chikola, (45) Vochepshii, (46) Azovskaya, (50) Yekaterinburg, (51) Tobolsk,
(52) Tyumen, (53) Vasyugan [24], (54) Andarma [24], (55) Ket’ [24], (56) Chulym [25], and (57) Tomsk. 
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platy structure (within the AE, E, and EB horizons)
and blocky prismatic structure within the Bt horizon.
In the microstructure of the SHH, dark-colored clots
of the mull humus are preserved and are clearly seen
against the background of light-colored eluvial hori-
zons [12, 30]. The degree of transformation of the
original dark-colored soils is very high. Even such
stable properties as the thickness of the horizon, bulk
density, and particle-size distribution are subjected
to changes. The study of paleosols located at a greater
depth than the SHH showed that only unstable prop-
erties and characteristics (pH, exchangeable cations,
content of salts and pedogenic carbonates [2]) are
completely transformed in them. The preservation of
humus horizons in the paleosols is better and gener-
ally depends on the genetic type of soil. The gray-
humus horizons characteristic of soddy-podzolic and
gray soils are destroyed quickly, over hundreds of years.
Dark-humus horizons, especially the Ca-humus hori-
zons of chernozems, are more resistant to transfor-
mation, but they also degrade in some cases. The
organic matter of dark-colored SHHs is relatively
stable; with respect to this characteristic, it is close to
the organic matter of chernozems. However, despite
the high degree of stability of SHHs, they are gradu-
ally transformed under the impact of eluviation pro-
cesses in the E horizon and illuviation of clay–
humus materials in the Bt horizon [25]. Locally,
SHHs are destroyed by the soil turbations associated
with uprooting of the trees.

As a result of degradation of the SHH, the Corg con-
tent in it decreases despite the dark color; often, it does
not exceed the values in the light-colored eluvial hori-
zon [25]. This is due to the loss of unstable fractions of
organic matter and the preservation of stable fractions,
which provide for the dark color of the SHH (proba-
bly, because of the presence of humin). Despite such a
decrease in the Corg content attesting to a strong trans-
formation of soil organic matter, the radiocarbon dat-
ing of samples of humic acids from such degraded
SHHs often yields ancient radiocarbon dates close to
those for slightly degraded SHHs. According to our
data, iron oxides are of great importance in the preser-
vation of the SHH because of their participation in
bonding of the organic matter with the mineral soil
mass. However, an increase in the soil moistening and
gley processes lead to the destruction of these bonds,
iron leaching, and the loss of the dark humus color. In
the case of a strong degradation of the SHH, the con-
tents of humus and nitrogen in it decrease to values
typical of the E, EB, and Bt horizons. At the same
time, some humus coloring is still preserved. It should
be noted that such an important issue as changes in the
composition of humus in the SHH remains insuffi-
ciently studied; new research methods should be
applied to characterize these changes in detail.

As the SHH lies in the transitional zone from the
eluvial to the illuvial horizons, its particle-size distri-
bution changes: the upper part of the SHH is clay-
depleted, whereas its lower part is less depleted in clay

Fig. 2. Radiocarbon age, humus content, and clay content in the profile of gray soil with SHH, Novosvobodnaya site, North Cau-
casus.
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and often contains morphologically visible features of
clay illuviation. Changes in the texture and other
properties also occur in the underlying soil horizons.
As a result of leaching of carbonates and subsequent
lessivage, the original Bk horizon becomes carbonate-
free and thick clay coatings are formed in it. Gradu-
ally, this horizon acquires the features of the Bt hori-
zon. The clay content in it is two times higher than that
in the newly formed eluvial horizon. Mole tunnels
(krotovinas) are gradually erased, though, in most
cases, their stability is higher than that of the SHH
itself.

The composition of humus in the SHH of soddy-
podzolic soils (Retisols) changes over time to fulvate
type, but a high proportion of the second fraction of
humic acids is preserved [8, 25, 27]. In many cases,
according to the composition of humus, the SHH can
be classified as a humate-calcium horizon [27]. Anal-
ogous properties of the organic matter are characteris-
tic of the dark-humus horizons of the chernozems. of
chernozems and do not occur in the gray-humus hori-
zons of soddy-podzolic soils and other soils of the for-
est zone.

The radiocarbon age of the SHH is the most
important feature that confirms the relict nature of the
horizon and makes it possible to unveil the Holocene
history of soil development [11, 12, 17, 28, 42]. Radio-
carbon dating of the fractions of organic matter from
the SHH attests to a regular increase in the age from
the first to the second and further to the third fraction
of humic acids [43, 44]. Cases of significant rejuvena-
tion of humus should be noted, especially for the shal-
low-lying and strongly degraded SHHs. In the pit 2-71
(demonstrated by V.O. Targulian during the excursion
of the X International Congress of Soil Science), the
relict SHH was poorly preserved in the E and EB hori-
zons. However, the age of humic acids from it reached
4440 ± 30 BP (IGAN-65). In the adjacent pit 2-71a,
the SHH was better preserved, and the age of humic
acids was noticeably greater: 5860 ± 60 BP (IGAN-64)
[2]. In the Tobolsk region in Western Siberia, the
degree of HA rejuvenation is higher and the difference
between the dates obtained from poorly and well-pre-
served SHHs was even greater: 1910 ± 120 versus
3340 ± 80 BP (Ki-19279 and K-19280). In general,
radiocarbon dates characterize the age of humic acids
in the older lower part of the original humus horizon,
but they are rejuvenated because of the shallow occur-
rence of the SHH. At the same time, the degree of
rejuvenation of the dates is small and their main array
confirms the assignment of the SHH to the Middle
Holocene (in some cases, the Early Holocene).

It is known that the 14C dates obtained from the soil
organic matter (from humic acids or from the total
organic matter) do not characterize the time of the
beginning of soil formation and, in the case of
paleosols, the time of the paleosol burial. They charac-
terize the mean residence time of carbon in the soil [92].

Therefore, the radiocarbon dates obtained from the
SHH and even groups of such dates, are always younger
than the time of the beginning of the formation of the
dark-humus horizons. More precisely, the time of for-
mation of dark-colored SHH prototypes can be deter-
mined from the results of studying the buried soils.

Paleokrotovinas are important indicative features
making it possible to characterize the conditions of
pedogenesis [93]. In some cases, in soils with the
SHH, there are krotovinas left by mole rats or other
steppe earth burrowers [67]. These krotovinas are large
and deep, which is typical for the soils of the steppe
zone regions [94]. Such krotovinas are more com-
pletely presented in buried chernozems and other
paleosols associated with soils with the SHH [69, 76]. In
some cases, in the Bt horizon of Retisols, paleokrotovi-
nas filled with the dark-colored SHH material are
found, although the SHH itself is already severely
destroyed [2]. Thus, the date 7570 ± 40 BP (IGAN-402)
was obtained from a krotovina in the soil with the
SHH (in the Malaya Istra River catchment).

INITIAL SOILS—PROTOTYPES OF THE SHH
Reconstruction of the original soils, which served as

the basis for the formation of the SHH, is a difficult
challenge. For this purpose, we studied in detail the
SHHs themselves and their location in the soil profiles
and in the soil cover [17, 24, 25, 41, 43]. It was found
that different soils could be the prototypes of the SHH;
these soils constituted a heterogeneous initial soil cover,
but all of them were characterized by dark-humus hori-
zons (Table 1). To reconstruct the original soils, we
used data on the depth of the lower boundary of the
SHH, as well as on variations in this depth for catenas
and soil cover elements [25]. As a result, the following
prototypes were distinguished: chernozems and gray
forest soils, soddy soils, dark-humus soils, meadow
chernozems, and meadow soils [25, 44]. Undoubtedly,
the initial soil cover, which served as the basis for the
formation of soils with the SHH, contained not only
soils formed under autonomous mesomorphic condi-
tions (Chernozems, Phaeozems) [2, 25–27, 43, 60, 61]
but also soils of depressions with pronounced hydro-
morphism. The same pattern is typical of modern cher-
nozemic areas: quasigleyed chernozems (meadow-
chernozemic soils) of depressions occur amidst auto-
morphic chernozems. Similar variants of soils adjacent
to soddy-podzolic and gray soils containing SHHs have
been studied [25, 26, 43, 44].

At the same time, there are ideas about the pre-
dominantly paleohydromorphic origin of the SHH
[17, 31]. In particular, in support of the hypothesis of
the paleohydromorphic origin of the SHH proto-
type, data from phytolith analysis of the SHH are
available [7]. In our opinion, the preservation of phy-
toliths for millennia in the shallow-lying SHH seems
unlikely. Most likely, the phytoliths discovered by the
author appeared during the latest stage of pedogenesis
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in the Late Holocene. Their accumulation was facili-
tated by the cooling and humidification of the climate,
and the associated active spread of mires in Western
Siberia and other territories [26]. The possibility of fast
transformation of the phytolithic profile of soils with
the SHH is evidenced by the comparative analysis of
phytoliths in buried dark gray soils of the Bronze Age
and background soddy-podzolic soils with the SHH
(middle Volga basin ), as well as in soils buried under
the ramparts of the Iron Age settlement in the upper
Don reaches [10]. The materials given in [10, Figs. 2
and 3] clearly show that phytolithic spectra may be
completely rearranged in relatively short period (hun-
dreds of years) not only in the surface horizons but also
at the depth of the SHH.

Long-term study of soils with the SHH has not led
to a solution to the problem of their genesis. Probably,
it is difficult to reconstruct the SHH prototype on the
basis of studying only the modern profile, which
includes only one relict horizon, which stands out only
in color, and sometimes in the content and composi-
tion of humus, even using a large set of methods. The
SHH lies at a shallow depth and is subjected to a long-
term intense influence of the actual pedogenesis, as a
result of which, despite the stability of humus, only the
lower part of the original dark-humus horizon has
been preserved (in some cases, krotovinas associated
with this horizon). Data on the radiocarbon age of the
SHH may be somewhat unambiguous. Sometimes,
the dates are as old as the Early Holocene [43, 44];
sometimes, they are strongly rejuvenated. Owing to
the shallow occurrence of the SHH, pollen and other
components, the study of which could help in paleore-
construction, are not preserved in the SHH. There-
fore, a large role should be played by paleosols buried
under kurgans, ramparts, or under alluvial sediments.
Such buried paleosols make it possible to study the
original soil profile in its entirety, as well as to obtain
dates that are less distorted. At a great depth of burial
of such soils, the original morphological and physico-
chemical properties, charcoal, and pollen are usually
well preserved [67, 83, 86].

CHANGES IN THE BIOCLIMATIC 
CONDITIONS IN THE HOLOCENE 

AND THE SHH
Changes in pedogenesis in the Holocene were

largely associated with changes in bioclimatic condi-
tions [63]. Climate changes in the Holocene were not
so great and did not cause such large-scale changes in
the environment as in the Pleistocene. At the same
time, general pattern of these changes is well known:
warming in the Early Holocene, thermal maximum
5–6 ka BP, and cooling in the Late Holocene. The
general pattern of climate changes in the Holocene is
clearly presented in the diagrams [58, 59]. According
to these data, the maximum temperatures were in the
second half of the Atlantic period, and the maximum

moistening was in the last quarter of the Holocene. In
addition, smaller temperature f luctuations and signif-
icant regional differences have been found. In particu-
lar, differences in precipitation patterns in the East
European Plain and in the north of Western Europe,
for which the Blytt–Sernander climatic scheme was
developed [1, 5, 9].

Before the appearance of this scheme, the concepts
of the environmental evolution in the Holocene of
Europe were different; they were largely based on the
results of studying soils with relict dark-colored hori-
zons. According to studies in Eastern Europe, it was
assumed that during the thermal maximum, the
humidity of the climate decreased and soils with thick
dark horizons moved to the north. During the Late
Holocene cooling, the climate became more humid,
which caused the displacement of natural zones to the
south [9]. According to palynological data obtained
mainly from peatlands and lacustrine deposits, traces
of the presence of steppe or forest-steppe vegetation
within the modern zone of soils with the SHH are less
common, though they can be found in the literature
[38, 48]. In [38], data are given on two periods of the
advance of forest-steppe vegetation far to the north, in
the basin of the Severnaya Dvina River (modern mid-
dle taiga) in the Middle Holocene.

Similar schemes for changing soils and landscapes
were common in Western Europe [82, 89, 100, 101],
but then the Blytt–Sernander scheme became the
main one. At present, the concept of an arid “cherno-
zem” thermal maximum of the Holocene is being
developed mainly on the basis of paleopedological
studies [81, 90]. Note that in North America, the
Blytt–Sernander scheme did not receive support, and
the concept of a lower climate humidity during the
Middle Holocene thermal maximum remained the
dominant concept [73, 74].

THE IMPORTANCE OF PALEOSOLS 
FOR UNDERSTANDING THE EVOLUTION 

OF SOILS WITH THE SHH

In the East European Plain, in the area of soils with
the SHH (Middle Volga reaches, CisCarpathians, and
North Caucasus), modern forest landscapes with well-
developed soddy-podzolic and gray soils are marked
by the presence chernozems and other soils with dark-
colored humus horizons buried under kurgans, ram-
parts, alluvial sediments, and other sediments of the
Holocene age.

Tables 1 and 2 show pairs represented by the buried
paleosols and background surface soils with the SHH
studied in the center of the East European Plain, in the
CisCarpathians, and in the North Caucasus. Analo-
gous data are available for other regions [3, Table 16]:
in the Middle Volga basin (Prokop’evo, Yuvanovo,
settlements of the Early Iron Age (Ernur, Yuvanovo,
Romny)); CisCarpathians (Dashava, Strutin, Kodry);
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and North Caucasus (Vochepshii, Chikola, Azovskaya,
etc.). These soil pairs are mainly developed from
loesslike loam and, less often, from alluvial sediments
and occupy similar geomorphic positions. This is
important, because these types of sediments are char-
acterized by the spatial homogeneity, so the soils
developed from them are comparable and reflect
changes in the environment over time. On other rocks,
the comparison of background surface and buried soils
is complicated by the variability of the soil cover and
the low sensitivity of soils to changes in the bioclimatic
conditions.

A comparative study of buried paleosols and back-
ground surface soils with the SHH (Tables 1 and 2) has
shown the following:

(1) The leveling survey indicates that the buried soil
surface under the kurgans and ramparts of the fortified
settlements corresponds to the level of the surrounding
(background) territory [3]. Consequently, the soil sur-
face level in the Holocene was stable, which refutes the
hypothesis of the burial of the SHH under some sedi-
ments mantles covering large areas. Earlier, Zolotun
came to a conclusion about the stability of the soil sur-
face in the Holocene on the basis of leveling surveys of
the surface of buried soils for a large number of kur-
gans [20].

(2) The radiocarbon age of the buried soils in the
pairs under consideration is usually older than the age
of the SHH. The dates of paleosols refer to the Atlan-
tic, and in some cases to the Boreal and even Preboreal
periods of the Holocene.

(3) In all cases, buried soils (prototypes of the SHH)
are represented by more eutrophic and xeromorphic
variants than soils with the SHH. Therefore, the
assumptions about the predominantly hydromorphic
genesis of the prototypes of SHH are not confirmed.

(4) The soils buried under the kurgans and ram-
parts are represented by dark-humus horizons and
usually contain a high-lying carbonate horizon, while
the background soils are gray-humus soils with
leached off or deeply lying carbonates and with the
newly formed Bt horizons in place of the former Bk
horizons.

(5) The thickness of the humus layer in the buried
soils is often smaller than the depth of the lower
boundary of the SHH. This is due to the transfer of
humus–clay material from the upper part of the initial
A horizon to its lower part, as well as to the fact that,
in comparison with the buried soils that stopped their
development after burial, the background soils in the
past continued to develop as chernozems with an
increase in their thickness for some time.

Thus, data summarized in Tables 1 and 2 make it
possible to compare the SHH and the buried soils,
which could serve as the prototype of the SHH.

Of particular importance are the mounds located
in the foothills of the North Caucasus near the settle-
ment of Novosovobodnaya [3, 4]. They are located at

500–700 m a.s.l. Large burial mounds of this site are
up to 10 m in height. According to 14C dating, their age
is in the interval of 5600–5200 cal. BP2 [45]. Modern
vegetation is represented by oak–beech forests, and
background surface soils are gray soils with a strong
textural differentiation of the profile. Under the kur-
gans, there are chernozems with an average thickness
of 80 cm and with a well-preserved carbonate horizon
and krotovinas. The dates were obtained for the entire
profile of the buried chernozems: 6050 ± 170 to
9785 ± 580 (IGAN-1946, 1154). In the background
gray soils, the SHH of varying degree of preservation is
present at a depth of 60–100 cm. The dates for the
humus matter of the SHH correspond to those in the
lower part of the buried chernozem, but with signs of
some rejuvenation: 7130 ± 40, 7620 ± 150 (IGAN-1084,
2409). Not far from this site, at the Bogatyrskaya
Polyana site, clay-illuvial chernozem was studied
under the rampart of the fortified settlement. This soil
was buried about 2300 yr ago. In that period, the cher-
nozem was at the beginning of the degradation stage
and already had a thin eluvial (E) horizon. Lower,
within the foothill plain (<200 m a.s.l.), at the transi-
tion from forest to the forest-steppe zone (Maikop and
Kuzhora sites), the humus horizon of the original
chernozems as even thicker than that at the Novosvo-
bodnaya site; the degradation of these chernozems
under the forest began later. Therefore, in the back-
ground surface dark gray soils, the eluvial part of the
profile is thinner (30 cm), while the SHH is thicker
and reaches a depth of 130–150 cm.

To the east, in the central part of the North Cauca-
sus, buried chernozems under several kurgans were
studied at the Urvan and Chikola sites. The pattern of
soil evolution at these sites was the same, but the cli-
mate was more continental and arid; therefore, the
thickness of chernozems and the depth of the SHH are
reduced.

Similar chernozems were found in the CisCarpath-
ian region under kurgans of the Bronze Age (Sarniki,
Dashava, modern beech forests), while under the ram-
parts of the Early Iron Age settlement (Nizhnii Stru-
tin, etc.), gray soils with well-developed bleached
E horizons were described. In this area, under the con-
ditions of the forest zone, the change from chernozems
to texturally differentiated soils took place about 4000 yr
ago [3]. Further to the south, in the forest-steppe zone
(the Okopy site in the Dniester River valley), cherno-
zems was buried under the rampart (Troyan Val) in the
Early Iron Age, 2350 yr ago, i.e., almost 2000 years
later. In the background gray soils, a well-developed
SHH (35–85 cm) and krotovinas similar to those in the
buried chernozem were found.

2 The age of objects and stages of pedogenesis is given in cali-
brated (calendar) scale. Calibration was performed according to
IntCal20 scale [95] with the use of OxCal 4.2 program [75].
Radiocarbon dates of humus reported in the text are given in
noncalibrated radiocarbon time scale.
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Several kurgans with dark-colored buried paleosols
were studied in the area of modern soddy-podzolic
and gray soils with the SHH in the Middle Volga
reaches, in Chuvashia and Mari-El republics [3]. At
the Atlikasy site, kurgan of the Bronze Age is located
in the area of gray soils, the SHH lies at a depth of 20–
40 (60) cm. Under it, a buried clay-illuvial (podzolized)
chernozem (Phaeozem) with the dark-humus horizon

of 60 cm was described; carbonates were found from a
depth of 75 cm. Three kurgans were studied in the area
of soddy-podzolic soils. Under these kurgans, soils
with the SHH and with relatively shallow carbonate
horizons were described. At the Vilovatovo site, these
soils were classified as dark gray soils. The SHH (15–
43 cm) was found within the AE horizon and was
marked by dark color and good degree of preservation.
At the Aleevo and Prokop’evo sites, light gray soils were
buried. They had a light-colored AE horizon and a
dark-colored SHH (7–23 cm). The soils buried about
2000 years ago, as well as background surface soils, were
classified as soddy-podzolic soils (Retisols).

The presence of the SHH in the paleosols buried
about 4000 years ago attests to the complicated history
of pedogenesis in the Early and Middle Holocene. By
the time of construction of the kurgans, the original
dark-colored soils had already been subjected to a long
stage of textural differentiation and degradation of the
dark-colored horizons. However, shortly before the
construction of the kurgans, there was probably a short
period of climate aridization, during which high-lying
carbonate horizons were formed, but dark humus hori-
zons did not have time to appear. Presumably, it was the
sharp drying of the climate about 4500–4200 years ago,
when “kurgan cultures| of the Bronze Age penetrated
far into the modern forest zone. The earlier stages of soil
evolution, which took place during the Early and Mid-
dle Holocene, were caused by the gradual advance of
the forest onto the steppe, which had an oscillatory
character.

The SHH date obtained for the Vilovatovo paleosol
(8190 ± 90, IGAN-602) shows that the development

Fig. 3. Gray soil with SHH buried under kurgan of the
Bronze Age ca. 4000 yr ago (Mari-El, Prokop’evo site,
southern taiga): (1) rampart composed of the material of
soil horizons of gray, dark gray, and brown colors;
(2) brown loam ejected from the burial pit; in the left part,
it marks the paleosol surface; (3) surface of the buried soil;
and (4) calcareous nodules. 
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of the initial dark-colored horizons took place in the
Early Holocene, and the beginning of their formation
is probably older. In the Early Holocene, the conti-
nentality of the climate, characteristic of the Late Gla-
cial period, was still preserved [42]. Therefore, the
soils (chernozems) were then thin and, obviously, rich
in humus, which is typical of chernozems in continen-
tal regions, e.g., in the TransUral region [63].

Low thickness was also characteristic of the
Allerød soils that formed under the conditions of a
continental climate. In Yaroslavl region (Tekha-
novo), the Allerød soil lies below the SHH and is
10300 ± 60 BP (IGAN-215; 80–90 cm) [2], and this
date is somewhat rejuvenated. In the same area, at the
Maksimovitsy key site, the Allerød soil also underlies
the SHH, and its radiocarbon age may be more reju-
venated (9810 ± 160 BP, IGAN-1231) [66], because
this soil lies closer to the surface (60–70 cm). Allerød
soils have also been studied in Vologda oblast (Tot’ma,
11020 ± 240 BP, IGAN-373) [28], in Moscow (Tush-
ino, 11780 ± 290 BP, IGAN-2319 and 11260 ± 300,
Ki-10562). In their profiles, there are no signs of tex-
tural differentiation; humus horizons are thin, black,
and are characterized by a somewhat heavier texture in
the suprapermafrost (?) horizon. These soils are dis-
tinguished by the high resistance of humus to degrada-
tion. Possibly, they are included in the composition of
some of the most ancient soils with the SHHs in the
northern part of their range. In some places, one can
see how the Allerød soils rise up the catena and merge
with the Holocene SHH 2, Fig. 5].

Soils with the SHH and buried chernozems were
also found in the alluvium of f loodplains and low ter-
races of the rivers of the East European Plain. Paleo-
chernozem in the Sadgora section (Khotinsk Eleva-
tion) lies at a depth of 2 m in the alluvium of a 10-m
terrace of a small left tributary of the Prut River.
Humic acids from this soil were dated at 7580 ± 95
(IGAN-1217). During the last 5000 years, a light gray
soil (Luvisol) with pronounced E and Bt horizons has
been formed on the terrace [3].

Buried chernozem and texturally differentiated soils
found in the Ranis 2 section of the high ancient flood-
plain of the Moskva River have been studied in suffi-
cient detail [67, 68]. The profile of the chernozem is
thick, with a carbonate horizon and with large krotovi-
nas (passages of hamsters as determined by D. Pono-
marenko). Chernozem was formed in the first half of
the Holocene, when the f loodplain was not f looded
and existed as a terrace above the f loodplain. A large
number of radiocarbon dates were obtained for the
chernozem profile: 5570 ± 50 (GIN-15105), 7810 ±
100 (Ki-18753), and 8341 ± 34 (UOC-3109). Cali-
brated dates for the underlying and overlying sedi-
ments make it possible to attribute the time of forma-
tion of the chernozem to 5300–10500 cal. BP. Cher-
nozems and dark-humus soils (Phaeozems) of other
sections of the f loodplain are of a similar age. Above

the column, in the f loodplain of the Moskva and Oka
rivers, there are soddy-podzolic and gray soils, the
main stage of the formation of which dates back to
2500–800 BP. [68]. Also, in the f loodplain of the
Moskva River, a soddy-podzolic soil with the SHH
was found; the SHH was dated at 6640 ± 330 and
6680 ± 80 BP (Ki-17147, Ki-19488 SHV) [67]. It
began to form in the early Holocene and passed through
the chernozemic stage, which, in addition to the SHH,
is evidenced by paleokrotovinas.

SOIL ANALOGUS 
WITH THE SHH OUTSIDE RUSSIA

The paleosol method proved to be successful in the
study of the analogous problem of the origin of Holo-
cene Chernozems in Central Europe [78, 89]. In this

Fig 5. Paleosols on the territory of Germany: (a) stages of
formation of Holocene chernozems in hollows according
to [88]: 1—Cambisols on loess, 2—Early to Middle Holo-
cene development of Chernozems up to 4700 BP with the
participation of colluvial processes; 3—Middle Holocene,
erosional processes; and 4—Late Holocene, erosional pro-
cesses, formation of Luvisols, appearance of arable hori-
zon; (b) evolution of Chernozem into Luvisol with SHH
on the territory of Germany according to [90, 97]: 1—
loess, initial soil; 2—Regosol, 3—Chernozem, 4—Cambic
Chernozem, 5—Luvic Chernozem, and 6—Luvisol.
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region, within the modern forest areas with forest
soils, Chernozems and similar dark humus soils were
found under the Bronze Age and Neolithic kurgans
[70, 78, 83, 86, 87]. They were also found under a
Middle Holocene tell in Central Germany [91]. Bur-
ied soils were identified as chernozems [86] or similar
to them soils (Chernic Phaeozem [87]). The distribu-
tion of chernozems in the Middle Holocene (Neo-
lithic) in Central Europe is inconsistent with the
Blytt–Sernander climatic scheme. Therefore, some
authors attribute their formation to the Subboreal
period [84]. However, according to the radiocarbon
dating, such chernozems were formed during a long
time in the Early and Middle Holocene [86].

The widespread occurrence of steppes in the past
in this region is evidenced not only by the soils of
the mounds, but also by the soils of the depressions
(Fig. 5a). These soils were identified as chernozems
that developed from the beginning of the Holocene
to about 4700 BP [88].

In Central Europe, the hypothesis of anthropo-
genic origin of chernozems is being discussed. In this
case, the dark color of the soil is associated with the
burning of woody vegetation and the accumulation of
black carbon due to the washing of particles of dis-
persed charcoal [81]. However, special studies have
shown that dispersed charcoal originated not from
woody vegetation but from herbs [88]. According to
palynological data, the steppe (Artemisia, etc.) then
dominated and this stage lasted up to 4000 BP [72].
Thus, a similar Middle Holocene stage of the develop-
ment of steppe communities and chernozems has been
found for Central and Eastern Europe according to the
results of multiple paleosol studies [3, 88].

In North America, there are also signs of the earlier
(8–4 ka ago) distribution of chernozems [50, 96, 99]
that was replaced by the advance of forest communi-
ties and forest pedogenesis onto the former steppe
areas [6, 71, 73, 77].

In the literature on Central and Western Europe, as
well as North America, the presence of SHH in the
modern background soils is not mentioned, but there
are similar ideas on the patterns of soil evolution as
evidenced, for example, by figures from [97] given in
[90]. There, the diagrams of the evolution of the soil
profile show the transformation of Chernozem into
the soil with eluvial (E) and relict residual-humus
horizon (Bht, Fig. 5b). Indications of the presence of
SHHs in gray soils (Luvisols) are present in the illus-
trations [84], but they have not been analyzed. Con-
sidering this problem in the 1980s, Karavaeva with
coauthors noted that the changes in the environmental
conditions that created the SHH were quite common
in the forest regions of the temperate zone. Organo-
accumulative phenomena corresponding to these
environmental changes were described many times,
especially in West European literature. However, the
term “second humus horizon” was never used for

them, which ruled out parallels with similar pedoge-
netic phenomena studied in the Soviet Union [29,
p. 172–173].

STAGES OF SOIL EVOLUTION, 
AGE OF THE SHH, 

AND ITS REGIONAL DIFFERENCES

Initially, two main stages were distinguished in the
development of soils with the SHH: the formation of
dark-colored horizons under steppe or meadow vege-
tation and their degradation under forest vegetation
[16, 64, 65]. The transitional stage of Yakovlev’s par-
amorphosis, characterized by the appearance of vertic
features in the chernozems is characteristic of the soils
of the Northwest Caucasus, where clayey parent rocks
with a high content of smectite are widespread. How-
ever, this stage is intermediate; it can be considered a
transitional stage to the major stage of the degradation
of the initial humus horizon and the development of
gray soils.

In some cases, three stages were distinguished for
northern SHHs: dark-colored, located between two
stages of formation of eluvial horizons [54, 55]. In the
opinion of most researchers, including us, the devel-
opment of the bleached eluvial horizon, which com-
pletely encompassed the SHH occurred after the stage
of dark-colored pedogenesis [3, 11, 12, 23–25, 60, 65].
In particular, this is evidenced by the study of pairs of
buried and background soils, in which signs of a devel-
oped E horizon appear only in the Late Holocene. All
this testifies to the extremely high stability of the SHH,
which has the initial Ca-humus composition and is
represented in thin sections by black microclots of sta-
ble OM [12, 30].

The study of paleosols with dark-colored humus
horizons makes it possible to more definitely represent
the geography of the SHH and its prototype. From the
south and southwest to the north within the forest
zone, the depth of the SHH decreases from 60–80 cm
(gray soils) to 30–40 cm in soddy-podzolic soils (sub-
taiga–broadleaved forests) and 20–25 cm in podzolic
soils (middle and southern taiga). Accordingly, the
transition from the dark-colored stage to the degrada-
tion stage took place from 8 to 4 cal. ka BP. In the for-
est-steppe, degradation of the dark-humus horizon
started only 1–2 ka BP, and the SHH depth is in the
range from 40–60 cm in the west to 130–150 cm in the
North Caucasus.. In general, a gradual increase in the
thickness and depth of occurrence of the SHH to the
south is noted, with a maximum in the forest-steppe;
these values decrease when moving towards the east,
and only in the eastern part of Western Siberia, where
the amount of precipitation increases again, the thick-
ness and depth of the SHH also slightly increase.

The onset of the SHH formation can be attributed
to the Early Holocene or Allerød (11 or 14 cal. ka BP).
In the north of the range, dark-humus soils of the
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Allerød (14–13 cal. ka BP) with a considerable clay
content could become the part of the SHH in the Holo-
cene because of the exceptional stability of their organic
matter. Within the main part of the SHH range (south-
ern taiga–subtaiga) and in the North Caucasus, this
transition occurred later, about 4000 BP. This time
corresponds to the beginning of the “upper maximum
of spruce”, which took place after a sharp short drying
of the climate 4500–4200 BP. [58]. In the southern
regions of the forest-steppe, this transition took place
in the first centuries AD, or even at the beginning of
the Little Ice Age [3, 61]. In this regard, the cherno-
zemic stage of pedogenesis was the longest in this
zone, and the SHH is the youngest, so that it is char-
acterized by a good degree of preservation [17, 60].

The close dependence of the distribution, thickness,
and depth of SHHs (and associated paleochernozems)
on the environmental conditions fully corresponds to
the hypothesis of their residual paleoclimatogenic ori-
gin. On the contrary, during sedimentation or turbation
burial of horizons, the depth of their occurrence, strati-
graphic position, and age are arbitrary, and their distri-
bution is local. In some cases, such locally buried hori-
zons may be similar to paleoclimatogenic horizons. At
the same time, to prove the burial of such horizons,
geomorphic evidence is needed. In each particular case,
it is necessary to establish the sources of the material,
and the nature of the processes of its movement and
deposition. It is even more difficult to explain all the
SHHs by burial [36, 49]. A mantle-like accumulation of
material over large areas in the Holocene, and this is
how the SHHs are dated, is unlikely. To substantiate the
possibility of such accumulation, it is necessary to find
the processes leading to the formation of such mantles,
as well as sources of material input in such gigantic vol-
umes. When soils are buried under a sediment mantle
across large areas, peat bogs and rocks of a different
composition should also be buried, which has not been
observed.

The turbational SHHs identified in [28] have a cer-
tain resemblance to the buried SHHs. It should be
noted that the origin of specific humus horizons found
at different depths in the form of mottles, lenses, and
sloping interlayers in the profiles of Retisols and Luvi-
sols and. often, containing charcoal, has become more
evident because of the attention to windfalls and
uprooting phenomena. Such horizons are obviously
associated with phytoturbation by falling trees; they
may be found at a depth of up to 1 m and more and
should not be attributed to the SHH. For example,
horizons lying at a depth of 6 to 80 cm in the northern
part of the SHH area should be referred to as “wind-
fall” horizons [28]. These formations can be consid-
ered as both buried and turbated.

Soil evolution patterns were complicated in the
south of the area of SHHs. In some cases, paleocher-
nozems display the features of the lower part of the Bt
horizon under the layer penetrated by krotovinas. This

horizon may be the relic of the short-term stage of for-
est pedogenesis at the boundary of the Pleistocene and
Holocene [3]. Apparently, in addition to the two main
stages (Middle and Late Holocene), there were a
number of additional stages associated with short-
period f luctuations in bioclimatic conditions during
the Holocene, including the forest stage at the very
beginning of the Holocene. In the evolution of soils
with SHHs, such stages are clearly manifested during
the Middle Holocene. The stage of brief climate arid-
ization at about 4500 cal. BP is distinguished; it was
replaced by the cooling and humidization of the cli-
mate about 4000 cal. BP, the next aridization 2000 BP,
and the cooling of the Little Ice Age. Cyclic patterns of
the formation of peat bogs and SHHs in the center of
European Russia could be associated with such cli-
mate changes [66]. Analogous conclusions about the
directional oscillatory increase in the thickness of
chernozems in the Holocene was made in [21].

The study of soils with the SHH is extremely
important for elucidating general questions of the evo-
lution of pedogenesis and paleogeography of the tem-
perate zone in the Holocene. The results of the study
of SHHs, paleochernozems, and other paleosols indi-
cate considerable changes in the Holocene pedogene-
sis. At present, there are significant contradictions in
the reconstructions of the evolution of pedogenesis in
the Holocene, for example, from the complete denial
of changes in pedogenesis and the environment to the
unambiguous following the Blytt–Sernander scheme
of climatic periods [36, 63]. Data on soils with the
SHH and on paleochernozems allow us to conclude
that the transition from forest to steppe—the main
ecotone of the temperate zone—has been the area of
contrasting changes in the direction of pedogenesis in
the Holocene, and these changes have not followed
the Blytt–Sernander scheme. In fact, they proceeded
according to the Gerasimov–Markov scheme [9].
This scheme is proved by the presence of paleocherno-
zems in the forest zone, which attests to aridization of
the climate in the forest zone and more northern posi-
tion of the forest/steppe boundary in the Middle
Holocene [1, 3, 43, 60, 88, 96]. There are data on
paleoclimatology, palynology, and paleogeography
showing similar changes in the environment in the
Holocene [5, 48, 58, 73]. The evolution of these soils
was spatially heterogeneous. In the areas with weak-
ened drainage, hydromorphic soils could evolve into
peat-podzolic and mucky-podzolic soils in the Late
Holocene because of the humidization and cooling of
the climate; such soils could also retain their SHHs. It
seems interesting and important to study such variants
of the evolution of soils with SHHs. In order to solve
the problem, it is necessary to expand the method-
ological approaches, including modern methods for
organic matter studies, micromorphology, and meth-
ods of related sciences.
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DEGRADATION OF THE SHH 
AND HUMUS STABILITY OF THIS HORIZON

In the studied SHHs, the destruction of organic
matter is facilitated by many processes characteristic of
the upper part of the profile (acid hydrolysis, microbial
activity, etc.). With an increase in hydromorphism, the
activity of microorganisms and the destruction of OM
associated with it become weaker, so the SHH is better
manifested in the profiles. However, with a further
increase in hydromorphism, iron is reduced, becomes
mobile, and iron–humus complexes are destroyed,
which leads to the removal of both iron and dark-col-
ored organic matter from the SHH [3].

At the same time, SHH is stable, which is associ-
ated with its initial properties. The materials of the
study of buried soils and the SHH proper attest to an
increased stability of the humus of chernozems, which
is due to the stability of humate-Ca compounds.
These horizons can persist for thousands, tens of
thousand, and hundreds of thousand years. On the
contrary, the humus horizons of soddy-podzolic, gray
and other forest soils are unstable and often signifi-
cantly degrade already in hundreds of years after their
burial Phyto-, zoo- and other turbations, as well as
modern plowing, are especially destructive for thin
SHHs in the northern part of their area [41].

It is impossible to exclude the existence of other
variants of SHHs of a degrading nature, but not classi-
cal ones associated with climate changes at the forest-
steppe border and degradation of mull humus hori-
zons. Other variants may include degradation of
humus horizons of initially hydromorphic soils upon
their drainage, or degradation of the thick human-cre-
ated fertile soil layer upon improper soil management.
Undoubtedly, such SHHs will have different ages and
be encountered as local phenomena. It is likely that
horizons similar to the SHH can be formed during
eluvial degradation not only under acidic but also
under alkaline conditions. For example, in solonetzic
chestnut soils and solonetzes, dark-colored solonetzic
horizons are often found under the light-colored elu-
vial horizons. Such dark-colored solonetzic horizons
resemble SHHs in the forest soils. Is this possible in
soils with eluvial horizons in other natural zones (trop-
ical?)? At this stage, we can only hypothesize.

At present, the interest in the study of soils with
SHH in Russia has somewhat decreased. It is neces-
sary to expand the methods for studying the organic
matter of SHHs and to apply the methods of related
sciences. In Central Europe and North America, soils
with SHHs are also present, but this term is not used
for them, and the SHH phenomenon remains unstud-
ied. At the same time, studies of the problem of the
origin of the Middle Holocene paleochernozems are
being actively pursued. In our opinion, the combina-
tion of these two types of objects and the correspond-
ing research directions can lead to a more definite

solution to the problem of the development of soils
with the SHH.

CONCLUSIONS
Within the forest zone of the temperate zone, there

are clearly manifested signs of soil evolution: SHHs and
buried chernozems. Soils with the SHH are widespread
in the southern taiga–broadleaved forest zones and in
the forest-steppe zone on loamy and clayey sediments.
Their area stretches along the central zone of the East
European Plain and West Siberian Lowland, as well as
along the foothills of the North Caucasus. The specific
nature of the SHH is due to the presence of humic sub-
stances with an extremely high resistance towards deg-
radation, which allows them to remain in the aggressive
environment of the eluvial horizons of soddy-podzolic
and gray soils. The humate-calcium compounds of the
organic matter of chernozems are similarly stable.
Under the influence of biochemical and mechanical
(tree uprooting) factors, SHHs become strongly trans-
formed, which complicates their study.

Chernozems and dark-colored soils buried under
kurgans and ramparts are found in the SHH area.
They make it possible to infer the initial state (proto-
type) of soils with the SHH and the evolutionary paths
of the original soils at the stage of their degradation.

Soils with the SHH and paleochernozems are wide-
spread in the forest zone, which attests to contrasting
changes in pedogenesis and bioclimatic conditions in
the Holocene. The advance of the forest over the steppe
was caused by an increase in climate humidity and
began in Early Holocene; it was not a unidirectional
process; there were certain fluctuations. The maximum
advance of forests took place during the Little Ice Age.
Attempts to assign the SHH and paleochernozems
exclusively to the Subboreal period of the Holocene
have not been supported by factual evidence. Radiocar-
bon dates for the initial period of the formation of these
soils range within 4–9 ka BP; in the forest-steppe zone,
the stage of dark-humus pedogenesis continued longer,
up to 1–2 ka ago BP.

In accordance with climate and biota conditions,
the thickness of the SHH and its prototype in the north-
ern part of the range (middle–southern taiga) is mini-
mal (20–30 cm) and increases to the south and west
(60–80 cm); the maximum thickness of the SHH is in
the forest-steppe of the North Caucasus (130–150 cm).
The transition from the dark-colored stage to the deg-
radation stage was the earliest in the north of the range
(about 8 ka BP) and the latest in the forest-steppe (2–
1 ka BP).

Residual paleoclimatogenic SHHs reflect the state
of the past soil cover, which in most of the SHH range
belongs to the Middle Holocene, and is represented by
more eutrophic soil variants. In the modern soil cover,
in addition to the preserved elements of this relict soil
cover, hydromorphic, buried, and lithological forma-
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tions with a complicated organoprofile are locally
embedded [23, 26, 28, 31, 40, 43].
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