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Abstract—The paper is targeted at positioning the cryogenic soils in the recent classification system of Rus-
sian soils. An on-line discussion and recent publications demonstrated significant differences in conceptual
approaches to cryogenic soils, as well as their unaccounted diversity in the permafrost zone and their dynam-
ics in time (e.g., during the thawing period) that create problems for their classification. In particular, the
results depend on the observation time. Diagnostic properties of cryogenic horizon and the depth of the active
layer were in the center of the discussion. Possible changes in the list of soil types and subtypes are proposed
for the next approximation of the Russian soil classification system. The Cryozem order is proposed for the
soils with the cryogenic diagnostic horizon (CR) and the maximum active layer depth of 1 m and less. Soils
with other diagnostic horizons and with the active layer depth of more than 1 m should be accounted as per-
mafrost-affected soils within the other orders of the soil classification system. Authors invite colleagues to
further discussion with the aim to establish standard classification criteria for cryogenic soils.
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INTRODUCTION
Diagnostics of cryogenic soils is often difficult due

to various reasons, one of them being different time of
field studies during the season of annual permafrost
thawing. The contribution of cryogenic processes to
the genesis and properties of soils is of no doubt; how-
ever, the complete definition of a cryogenic soil, the
more so, a soil body, is sometimes ambiguous. Taxo-
nomic position and diagnostic criteria of cryogenic
soils both in national and international classification
systems remain disputable [1, 6, 13, 28, 31].

The Russian soil classification uses the term
“cryozem” as a central image of soils formed by various
cryogenic processes. The term was proposed by Vto-
rushin [1] for the soils with relatively weak cryogenic
features. Naumov, on the contrary, considered the
cryogenic features in cryozem profile to be of priority
against the background of higher or lower gley manifes-
tations [19]. For strongly gleyed cryoturbated soils,
Naumov [19] and Liverovskii [13] introduced the term
cryogleezem (cryogleysol). Recurrent overmoistening
is known to be a necessary condition for the intense
development of cryogenic processes. In 1980s, Sokolov
substantiated the necessity to classify as cryozems
hydromorphic though nongleyic soils in taiga area with
highly continental climate and permafrost occurring

close to the surface. He gave a comprehensive ecologi-
cal, diagnostic and genetic description of cryozems pro-
duced by the specific cryohydromorphic nongleyic soil
formation [21, 22]. In terms of classification, he showed
the difference in cryozem sequence at type level
(homogenous and thixotropic cryozems) and suggested
to regard cryozems as a class at the above-type level. At
the same time, Sokolov treated “cryogenic soils” to be
soil-genetic rather than classification term. In one of his
latest works, Makeev [16] suggested to preserve the term
“cryogenic soils” only as a collective one standing for
the problem of history without any taxonomic connota-
tion. This coincides in general with the opinion by
Sokolov and corresponds to the structure of the Russian
soil classification.

However, the discrepancies in the approaches to the
further subdivision of cryogenic soils complicate solving
classification problems upon the next approximation of
the Russian soil classification. Different interpretations
of soils developed on permafrost are noted in the cur-
rent versions of classification [11, 12, 20]. The sugges-
tion to unite the orders of cryogenic and cryometa-
morphic soils in one order with the cryogenic-related
genesis, is an example of substantial discrepancies in
opinions.
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The studies performed in the latest decades in the
north of taiga and tundra zones in the Northern Yaku-
tia revealed a frequent occurrence of hydromorphic
nongleyed or weakly gleyed soils. Their profiles show
the prevailing cryogenic morphological features and
chemical properties that permit identifying new
genetic horizons [7]. The cryogenic features are most
vividly pronounced in soil profiles with permafrost
occurring close to the day surface (within 1 m).

Proceeding from these ideas, the analysis of new
publications and the results of our own long-term
studies in the Kolyma Lowland in spring 2017, the ini-
tiative group at the Institute of Physicochemical and
Biological problems in Soil Sciences RAS (Push-
chino) launched an online discussion on the issues of
classification and diagnostics of cryogenic soils in view
of the ideas and terminology of the current classifica-
tion of Russian soils. In the course of this discussion,
two principal hot points were revealed:

—Permafrost as a classification criterion: depth of
occurrence and its importance in classification for
cryozems and other soils;

—Cryozems and diagnostic cryogenic horizon,
subdivision of soils into types and subtypes.

The present paper is aimed at proposals of addi-
tions and improvements to the current Russian classi-
fication system concerning soils formed on perma-
frost. Agreement was achieved on some issues,
whereas the discussion of other items did not come up
to a common decision for the classification purposes.

DISCUSSION
Permafrost and the depth of its occurrence as a key

item for diagnostics of cryogenic soils. In the context of
properties-oriented approach to the classification of
soils in the permafrost zone, the most important
aspect should be believed to be the necessity to subdi-
vide soils by the depth of the upper permafrost bound-
ary in the season of maximal thawing. This stable and
easily identified parameter is not currently used in the
present Russian classification system, although almost
all researchers recognize the fact of permafrost pres-
ence in the profile as a leading distinctive factor at a
higher taxonomic level [9, 15, 23, 27, 30, 31, 33–35].
For example, earlier, the soils with the permafrost
boundary lying within 0–1 m layer were referred to the
cryogenic shallow-permafrost [15] or cryomorphic [23]
facies; whereas soils with the permafrost boundary
occurring below 1 m were referred to the cryogenic
deep-permafrost [15] or noncryomorphic facies [23].
Mind that the depth of 1 m is considered as a diagnos-
tic element for the Cryosols Reference group in the
international WRB classification [26], as well as in the
Canadian classification [32] and in Soil Taxonomy for
Gelisols order [29].

Permafrost has numerous functions in the forma-
tion of soil profile and soil properties. In terms of soil
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chemical composition, the close to the surface occur-
rence of permafrost aquiclude restricts the geochemi-
cal cycle of substances in landscape to the soil profile.
Their vertical and lateral migration, redistribution of
soil-formation products, as well as of easily soluble
salts and moisture proceed within this limited volume.
Many researchers noted the above-permafrost accu-
mulation of various substances, above all, organic,
e.g., retinization phenomenon, which was marked as
long ago as in 1960s [4, 10, 17]. The long-term soil stud-
ies in the Kolyma Lowland revealed the role of perma-
frost in the accumulation of substantial amounts of raw
organic matter at the permafrost barrier; therefore, ear-
lier it was suggested to introduce a diagnostic horizon
(CRO) located between the cryogenic (CR) horizon
and the permafrost boundary [5, 8, 14].

However, cryoturbations, sorting of solid particles
and formation of surface nanorelief appear to be the
best known and the most vivid manifestations of cryo-
genesis in soils. Under these conditions, upon freezing
in the fall and the developing high cryostatic pressure
within the nanopolygons, the mineral matter of pro-
files bursts out to the surface to produce bare spots.
This controls the cyclic development of soils with re-
arrangement of their profiles from bare-spot soils
devoid of surface organic horizon to the fully devel-
oped cryozems [6].

The permafrost shows a stable position of its upper
boundary at the moment of maximal thawing during
tens and first hundreds of years; however, it may
change to a certain extent under the influence of cli-
matic f luctuations. The time interval of this boundary
shifts is assessed proceeding from the data on the
structure and properties of permafrost [24], as well as
from the results of nearly 20-year-long observations
over the active layer thickness, which are ongoing in
the framework of CALM international program at
scores of polygons in the permafrost zone [25].

Most of researchers believe that the depth of soil
seasonal thawing (or an active layer thickness) should
be taken into consideration upon diagnostics of per-
mafrost soils. Note that a similar criterion, i.e., the
occurrence of dense low-weathered hard rock no
deeper than 30 cm, serves as the main diagnostic cri-
terion for identifying both soils of the lithozem order
[12, 20] and the Leptosols Reference soil group in
WRB (with the depth of hard rock occurrence up to
30 cm and 25 cm, respectively) [26].

The current substantive-genetic classification sys-
tem of Russian soils [20] does not take into consider-
ation the position of the upper permafrost boundary
upon the characterization of soils referred to cryozem
order; whereas its first version classified as cryozems
the soils with the set of features typical for the cryo-
genic soil formation and with the “depths of summer
thawing 70–90 cm” [11, p. 67].

At present, cryoturbations of organic and mineral
materials in the profile forming the cryogenic CR
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horizon are recognized as the leading feature of cryo-
genic soil formation; and the soils manifesting this fea-
ture are classified at the level of cryogenic soil order
comprising several cryozem types [12, 20]. In soils on
permafrost but referred to other orders (gley, Al-Fe-
humus soils, etc.), cryogenesis is identified mainly by
the evidences of cryoturbations, although on the sub-
type level, i.e., cryoturbated subtypes. At the same time,
the description of a number of subtypes (cryoturbated,
cryogenic ferruginated gleysols, etc.) points to the close
position of the upper permafrost boundary [20].

The discussed ideas show the necessity to consider
the upper permafrost boundary depth in the period of
maximal thawing as follows:

1. We suggest to introduce permafrost layer (mate-
rial) to the classification system, irrespectively of its
genesis and composition and to indicate it as ┬С,
standing for the perennially frozen (showing the nega-
tive temperature for more than two consecutive years
and containing ice cement) soil-forming material.
This additional index fits logically the set of soil-form-
ing rocks designated as C, D, CLM, and R; the whole
group is named inadequately in the classification (as
“some designations…”) [20, p. 74]). In case of “dry
permafrost” (coarse-grained and sandy deposits with
negative temperature but not cemented by ice and
without cohesion forces [3]) or for the permafrost
occurring outside the soil-formation area, we propose
to use ┬R or ┬D indices, respectively.

2. In particular, the use of ┬ and ┴ indices – sym-
bols should be specified, as they are inadequately used
now in the Field Guide… [20]. In terms of modern
Russian geocryology [2], the index ┬ stands for the
frozen deposits, whereas ⊥ indicates the horizon over-
lying the permafrost. Therefore, we recommend to
designate by ┬ symbol the perennially frozen ground
(permafrost lithological feature” [20, p. 73) as well as
the cryogenic features in soils of various orders, i.e., the
cryogenic subtypes in the orders of Al-Fe-humus, iron-
metamorphic, etc. soils. The classification index ┴ may
be applied to the description of above-permafrost hori-
zons upon conducting field studies (e.g., ┴ G).

3. We suggest to qualify for cryozems (fitting the
corresponding Cryozems order) mineral soils with the
cryogenic CR horizon being the diagnostic one, the
profile of which is subjected to intense cryoturbations,
bare spots formation (patterned ground) and distur-
bance of horizons continuity, within the soil-forma-
tion area being confined to the depth of permafrost
active layer not exceeding 1 m. As to the name of this
order, the authors agree with the Sokolov’s and
Makeev’s ideas regarding the term “cryogenic soils” to
be quite general and non-classification one.

4. We suggest to refer to the cryogenic soil subtypes
in soil orders of the relevant classification system soils
with other diagnostic horizons (e.g., orders of gley, Al-
Fe-humus, organo-accumulative soils) and/or with
the upper permafrost boundary lying deeper than 1 m.
In cryogenic subtypes of various soils, the cryogenic
features, cryoturbations, in particular, may be poorly
pronounced or absent.

In the permafrost zone, the permafrost boundary
may often descend to a depth of more than 1 m. In
particular, this is true for the areas of high-tempera-
ture and sporadic permafrost upon climatic f luctua-
tions, human impacts or fires. In this case, the soil
should be also identified as a cryogenic subtype
belonging to other orders. These phenomena caused
by the temporal dynamics of the upper permafrost
boundary may be observed in transitional tundra-for-
est landscapes, or in the north of taiga zone, where
strong forest wildfires happen every 30—50 years and
affect significantly both the permafrost depth and
properties of the upper soil horizons including the CR
horizons [18].

Diagnostics of the cryogenic CR horizon. The defi-
nition of the CR horizon, which is a diagnostic hori-
zon for cryozems, looks as follows in the classification
system [20, p. 49]:

“The horizon is a poorly structured mineral mass of
loamy texture, non-gleyed, of dirty brown or grayish-
brown color. The horizon underlies the organic horizon
immediately above the frozen ground. As a rule, it has
features of cryogenic disturbances in the form of whirl-
like pattern of mineral mass and the buried fragments of
organic horizons often confined to the above-perma-
frost part of the profile. The mineral mass may contain
abundant plant residues and charcoals. The absence of
distinct gleying is explained by the prevailing oxidation
conditions at low temperatures.”

The critical analysis of publications, discussion on
http://soils.narod.ru website and our personal field
observations have brought us to the idea about the
necessity to supplement and specify the above-men-
tioned definition according to the following specifics
of tundra soil formation. The limited thickness of
cryogenic soil profiles favors not only keeping mois-
ture formed upon seasonal thawing but also the
intense segregation of texture-forming ice, cryogenic
mass-exchange (including the cryogenic sorting of
coarse-grained material), cryogenic structuring with
the differentiation of structure by the depth, vertical
and lateral redistribution of organic matter, various
elements and compounds, as well as the formation of
the seasonal cryogenic micro- and macro-landforms
at the soil surface and on the permafrost surface, to
form in combination the specific cryogenic CR hori-
zon. In our opinion, these phenomena were underes-
timated upon this horizon identification. Therefore,
the authors suggest the following definition:

“The CR cryogenic horizon is a cryoturbated dirty
brown or grayish brown non-gleyed, weakly structured
mineral mass, its texture ranging from loamy to sandy.
It occurs in the frozen state for a part of vegetation sea-
son. Upon thawing, it is characterized by excessive
moistening, with possible signs of redistribution of
EURASIAN SOIL SCIENCE  Vol. 52  No. 10  2019



PROBLEMS OF THE CRYOGENIC SOILS’ DIAGNOSTICS 1173
iron compounds in the form of narrow strips or fine
mottles of brownish rusty color often against the back-
ground of dove-gray compact soil mass, sometimes
thixotropic. It may contain a sufficient amount of rock
fragments with well-pronounced cryogenic sorting. It
underlies the organic horizon or occurs just on the sur-
face immediately above the permafrost ground. The
cryogenic disturbances are manifested in the form of
whirl-like pattern of the mineral mass and/or the bur-
ied fragments of organic horizons. The mineral mass
may be filled with fine plant residues, including char-
coals. The soil surface has a cryogenic micro- and mac-
rorelief (polygons, fissures, solifluction terraces, strips,
bare spots, and circles of coarse-grained material). The
CR horizon is diagnostic for soils of cryozem order”.

At present, there are only three cryozem types
specified by the combination of CR horizon with var-
ious surface organic horizons, i.e., typical with peaty-
litter horizon, raw-humus and peat-cryozems. The
participants of discussion unanimously supported the
opinion that the current set of cryozem types does not
reflect comprehensively the diversity of these soils;
they consider expedient to broaden the list of types
and subtypes of cryozems in the next Classification
version. For instance, earlier, it was proposed to add
the type of above-permafrost-organo-accumulative
cryozems with the diagnostic CRO horizon recog-
nized by the enrichment with raw organic matter [8].

CONCLUSIONS
The review of the data accumulated in recent years

and online discussion revealed significant discrepan-
cies in the researchers’ opinions on the northern soils.
They concern the diversity of soils within the perma-
frost zone, their dynamics in time, in particular,
dependence of the results on the observation moment.
Nevertheless, in the course of the discussion, some
statements were agreed on, above all, concerning the
necessity to take into account the permafrost depth in
the season of the maximal thawing of soil profiles.
This phenomenon was taken into consideration at the
subtype taxonomic level for soils of different orders,
e.g., cryogenic gleysols, cryogenic peaty-podzols [20].

The issues deserve attention on introducing of per-
mafrost properties (icy, low-ice or dry, in disintegrated
hard rock), as well as manifestation of above-perma-
frost accumulation of organic matter, various elements
and compounds. These data broaden the ideas about
soils registered at the moment of observation; in addi-
tion, they form the basis for the concepts on phenom-
ena dynamics and the prediction of soil modifications
upon anthropogenic impacts and/or climate change.
The question remains disputable about the classifica-
tion position of cryozems with the CR horizon in their
profile and with the permafrost occurring deeper than
1 m; as well as about the possible applying of subtype
feature “deep-cryogenic” (which is formally consid-
ered as a species feature) to them.
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The definition of diagnostic cryogenic horizon (CR)
was specified with the account of new accumulated data
and opinions of the discussion participants. We suggest
that Cryozems should be preserved as the order for all
soils with the CR horizon (i.e., the soils with most
clearly manifested cryogenesis), in which the types are
identified according to the combinations of CR horizon
with the organic ones. The proposal to bring together
cryozems and cryometamorphic soil orders into one
order of cryogenic soil was not supported, also because
of the insufficient data.

The authors of the present paper appeal to their
colleagues for further discussion of the mentioned dis-
putable problems and for presenting their own opin-
ions on solving the classification problems and diag-
nostics of cryozems proceeding from the voluminous
data of long-term field studies.
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