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The paper describes the cryogenic strata developing pattern on the Yamal Peninsula, resulting from the 
system analysis of the cryogenic framework of gas-bearing structures, which diff ers signifi cantly from the known 
theories on permafrost evolution. It has been established that aggradation of ice-rich permafrost is not infre-
quently governed by the migrating gas permeation and its throttling eff ect (gas expansion), associated with its 
cooling and freezing action. The identifi ed types of subaqueous cryolithogenesis are grouped into a succession 
of changing sedimentary facies as part of depositional environments, and subsequent freezing of the marine sedi-
ments at temperatures below freezing point, as the sea water depth decreases grading from the underwater 
coastal slope to the tidal zone, and then to low and high laidas.

Ice segregation; gas accumulation, gas-bearing structure; subaqueous syncryolithogenesis; submarine, plicative 
and endogenous-diff usion types of cryolithogenesis

INTRODUCTION

The major scientifi c problems of the cryolitho-
genesis developing in the Earth’s crust were fi rst put 
forward by A.I. Popov in-the late 60’s of the last cen-
tury. The doctrine of cryolithogenesis in the cold po-
lar regions, now acknowledged by the scientifi c com-
munity, underlies most of modern research into struc-
ture and evolution of the permafrost zone [Popov, 
2013]. The studies of cryolithological parameters of 
the cryogenic (permafrost) strata have always been 
in-demand in prospecting for natural resources (buil-
ding materials, ore deposits, oil and gas fi elds), during 
construction and other types of development of the 
earth’s interior in high latitude regions. 

The advanced methods of natural resource de-
velopment go hand-in-hand with knowledge-based 
approaches, which require along with keeping the da-
tabases up-to-date, generalization of new theories, 
schools of thought, and hypotheses, providing there-
by insights into geology, geocryology, cryolithology 
and resulting in new data contributing to the solution 
of a wide range of problems of reliability and stability 
of gas facilities, civil structures, and to the ecological 
concerns as to preserving the balance of natural land-
scapes. Their awareness have brought up topicality of 
scientifi c research into manifestation of cryolithogen-
esis in the earth’s crust, on the basis of profound in-
vestigations into the fundamentals of permafrost 
strata, physical properties and composition of their 
constituents, and affi  liated issues of the evolution of 
cryolithogenesis. These, together with the current 
thermal state of permafrost, require analysis and ge-
neralization every 25–30 years, inasmuch as their 
changing conditions are largely aff ected by the in-
creasing intensity of the technogenic impact, rather 
than climatic fl uctuations alone.

SUBSTANTIATION OF THE NEW CONCEPT 

From the perspective of methodology, the “cryo-
genic glacier-marine paradigm” represents the system 
of concepts, views and ideas professed by the author, 
which defi ne the science research-oriented core mod-
el for the cryolithogenesis developming in gas-bear-
ing structures in northern West Siberia, rooted in the 
research methods which fl ourished in the 1970s of the 
last century. This paradigm serves as a basis for the 
author’s research and teaching activities. Historical 
background touched upon in this paper represents 
the succession of scientifi c paradigms which dictated 
the problems selection and approaches to their solu-
tion. As late as the 18th century, the famous Russian 
scientist M.V. Lomonosov and his contemporary ex-
plorers of the Polar regions established the natural 
paradigm comprising conceptual tools and the main 
directions of scientifi c research. While the scientifi c 
paradigm created by M.I. Sumgyn stemmed from the 
practical applications of scientifi c knowledge on per-
mafrost. The derivative theoretical cryolithological 
paradigms based on the ideas about the single basis of 
cryolithogenesis (E.M. Katasonov) and about the tri-
une basis of cryolithogenesis (A.I. Popov), with the 
latter comprising the concept of the cryolithogenesis 
evolution unifying three major aspects of sedimenta-
tion and freezing (denudation; stabilization of sedi-
ment transport and accumulation; accumulation).

Further development of the Popov’s paradigm 
was largely contributed by the fi ndings of V.N. Ko-
nishchev, V.V. Rogov, A.D. Maslov, V.I. Solomatin, 
I.D.  Danilov, N.A.  Shpolyanskaya, N.V.  Tumel, 
A.A. Ar khangelov and many others. 

The cryolithological paradigm, in itself, is one of 
the branches of the foregoing paradigm which focuses 
on cryogenic (permafrost) strata in the geological 
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section of a gas-bearing structure. It embraces com-
mon denominators of the cryolithological fi eld (the 
cryolithogenesis evolution in the earth’s crust) go-
verned predominantly by exogenous factors of the 
processes of sedimentation and freezing and combina-
tion thereof in the subaerial and subaqueous environ-
ments. However, endogenous factors (neotectonic 
activity and dislocations, thermal eff ects, gas emis-
sion and migration) appear instrumental in creating 
conditions for specifi c interplay of depositional and 
freezing processes aff ecting both the structure and 
condition of the permafrost strata overlying gas – 
bearing structure, i.e. cryolithogenesis has always 
been infl uenced by these as it developed in the sphere 
of gas accumulation (both ancient and recent) [Badu, 
2010, 2016].

In itself, cryolithogenesis consists in the freezing 
of interstitial water in sedimentary rocks within the 
lithosphere during frost penetration from top down. 
As such, this transformation is not only a key element 
in cryogenic diagenesis, changing the state of rocks, 
but is also inherent in the processes of permafrost ag-
gradation, controlled by the environmental and facial 
freezing conditions. Matrix pore water contains ei-
ther dissolved gas (gas-water mixture) or free gas. 
Rock mass overlying the gas reservoir is directly af-
fected by the heat outfl ow from the deposit surface, 
decreasing thereby the permafrost strata thickness. In 
turn, the permafrost dynamics is largely aff ected by 
the gas released from the subjacent gas accumulation 
whose continuous distribution is challenged by the 
neotectonic activity strongly aff ecting the entire pro-
cess of ice segregation. 

The in-situ gas pressure is known to be the main 
driving force in the mechanics of gas delivery to the 
subsurface and subsequent mass transfer from the gas 
phase into the groundwater. However, given the dif-
ference in the densities of water and gas, gas migra-
tion up the section may be equated either to a simple 
process of bubble fl oating up, or to be the result of 
diff usion through pore space in porous media, as well 
as through tectonic faults acting as direct fi ltration 
channels. 

It is quite obvious that the gas pressure leads to 
expulsion of gases upward into the pore space of sedi-
mentary rocks, initiating thereby the process of pri-
mary migration [Avilov and Avilova, 2009, 2011]. Wa-
ter and gases, when fi ltering into the pores of rocks, 
either form bubbles, droplets, fi ll caverns or create 
new scattered fl uxes, or break through the systems of 
fractures and into decompaction zones. The fact that 
cavities collapse, then fi ll and again collapse, i.e., work 
as a cyclic pump, is however not a mechanism for cryo-
genic migration of moisture to the freezing front, rather 
it is the precursor process to the onset of aggradation of 
a permafrost stratum. It is self-evident that gases ac-
cumulate more freely in highly permeable rocks than 
in those with low permeability.

This describes the permafrost strata aggradation 
in the sedimentary cover, capping gas-bearing struc-
tures and sitting within third-order gas-bearing 
structures at depths varying from 600 to 800 m.

Mobilization of petroleum hydrocarbons in gas-
bearing structure involves hydrocarbon accumula-
tion strictly controlled by conventional traps, such as 
megastructures (structural traps) with subsequent 
migration of hydrocarbons into higher-(2nd and 3rd) 
order structures. These set the stage for the fi lling of 
porous space of rocks, to further advance (fi lled to 
spill) into the accumulations of gas in the “catch” in 
small anticlinal folds (measuring tens of meters) of 
the Quaternary sedimentary rocks (in the author’s 
opinion).

The cryosystem analysis of the permafrost strata 
parameters (temperature, thickness, ice content, sa-
linity, grain size, cryogenic textures, etc.) and, ac-
cordingly, their variability off er insights into the per-
mafrost interval and its structural complexity, pro-
viding for reconstructions involving their origin and 
evolution history, dynamics on a geological time 
scale, detailed process of the diagenetic transforma-
tions in the micro-, meso- and macrovolume of rocks, 
revealed in the diversity of facies environments and 
freezing conditions [Badu, 2010, 2016]. The heart of 
the matter captured therewith is that although the 
changing external natural environment controls all 
the cryogenic processes, the endogenous factors tend 
to meddle with these developments, creating cryo-
ano  malies in the permafrost interval [Badu, 2011].

With this in mind, the author has developed the 
foundations of the concept of the cryolithogenesis 
evolution in the earth’s crust resulted from a case 
study of the northern West Siberian region.

THE CONCEPT OF SUBAQUEOUS
CRYOLITHOGENESIS OF MARINE DEPOSITS

The proposed concept represents the notion of 
the cryolithogenesis as a process of sedimentary rocks 
transition into permafrost state and cryodiagenesis of 
the marine sediments, provided here for better under-
standing of the saline permafrost strata in the per-
spective of its origin and evolution in time (tens and 
hundreds of thousands of years) and in space (above 
the doming area of gas reservoir), i.e. within a gas-
bearing structure.

The concept structure
The concept structure includes:
– the empirical base consisting of the established 

scientifi c facts (from the author’s papers and mono-
graphs, presentations and reports, published li te-
rature, as well as from works of the opponents criti-
cizing the foundations of the commonly accepted 
concepts);

– the theoretical base with the revealed trends 
and scientifi c research-based generalizations (well-
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known theories and concepts by A.I. Popov, E.M. Ka-
tasonov, V.N. Konishchev, V.V. Rogov, B.I. Vtyurin, 
G.I. Dubikov, V.B. Baulin, V.S. Yakushev, N.N. Ro-
manovsky), with the author’s own synthesis of data 
and knowledge on cryogenic structure and ice con-
tents of the permafrost interval, his insights about the 
cryogenetically inhomogeneous permafrost strata, 
about classifi cation of massive ground ice, and about 
permafrost strata capping gas-bearing structure 
[Badu, 2010, 2012, 2013, 2014, 2015a,b];

– the system of the utilized logical associations 
and constructions (derived from the principle of ac-
tualism in searches for spatial and temporal laws of 
paleogeographic variability inherent in basic param-
eters of the permafrost strata).

The highlights of the new concept arise from the 
unity of proven by previous research results and fi nd-
ings deduced from numerous contributions and 
monographs which largely defi ne the augmented con-
cept of cryolithogenesis in the earth’s crust [Badu, 
1978, 2006, 2010, 2011, 2015a,b, 2016; Trofi mov et al., 
1980; Badu and Podborny, 2013].

Cryolithological base of the concept 
The novelty of the proposed line of thought on 

the origin of permafrost strata and evolution of the 
region-specifi c types of cryolithogenesis and theo-
retical substantiation thereof [Badu, 2015a,b] sug-
gests that the general scheme describing the forma-
tion of permafrost strata in the earth’s crust substan-
tially diff ers in some aspects from the hitherto existed 
narratives and consists in the following:

– the inception of permafrost strata occurs at a 
negative balance between the heat exchange in the 
“lithosphere–atmosphere” system, which is subject to 
degradation, though, under waters of the Polar Basin 
during its transgressions;

– both the depth and rate of lithosphere freezing 
are dictated by the interplay of severe climatic condi-
tions, organic matter composition of the soil mass, 
and the duration of its subaerial development regime;

– the thermal eff ect of the salient parts of the 
crystalline foundation is manifest in the permafrost 
strata having lesser thickness within the area of gas-
bearing structure than beyond as shown by V.S. Yaku-
shev [2009, 2015]: the decreasing permafrost thick-
ness can be associated with the natural heat fl ux “ori-
ented” by the anticlinal fold.

The new conceptual scheme is premised on the 
following:

1. The phenomenon of cryolithogenesis (subma-
rine syncryolithogenesis) is evidenced in the saline 
bottom sediments of the continental shelf primarily 
through the heat exchange within the “water area–

bottom soil” system [Shpolyanskaya, 1993, 1999, 
2010; Shpolyanskaya et al., 2006].

2. The permafrost strata tend to form in the sub-
aqueous below-freezing-temperature settings of the 
bottom marine sediments deposition (as they accu-
mulate in the cooled state) accompanied by their 
freezing due to latent heat release through the diff u-
sion-driven expansion of gas1 [Melnikov and Spesiv-
tsev, 1995; Melnikov et al., 1998; Bondarev et al., 2002; 
Rokos and Tarasov, 2007; Rokos, 2008]. As such, this 
method of gas-induced cooling might as well be suf-
fi cient to ensure the interstitial water to ice phase 
transition. But most likely, the freezing of water runs 
parallel with the rapid breakthrough of gas from a 
shallow reservoir. This gas is either local, of microbial 
origin, or deep-basin, accumulated and mixed with 
the microbial gas while migrating upward.

3. The processes of active cryosyneresis and sub-
marine cryodiagenesis concomitant with sedimenta-
tion [Popov, 1985, 1991; Maslov, 1988, 1992, 2008] 
are generally triggered by the neotectonics activation 
when the cooled below 0 °C thixotropic soils are sub-
jected to the dynamic stresses of underwater slump-
ing and crease into folds. 

As the originally horizontally layered and mixed 
with sea-water deposits experience cooling and sub-
sequently deform driven by tectonic forces, creasing 
into folds, some of the water adsorbed on solid matrix 
surfaces of clay minerals is released and forced into a 
less dense soil (sand-loam, sand), where the freezing 
commences due to a reduced salinity with the in-
creased freezing point temperature, accordingly. In 
this case, ice schlieren are located along the contact 
between clay-loams and sands in the deformed layers. 
This describes origination of very ice-rich deposits 
conformably occurring in the folded layers of plica-
tive structures2. 

From what has been said it follows that thick-
nesses of the permafrost strata gradually increase al-
most synchronously with the ongoing sedimentation 
both in areas of signifi cant gas saturation of sediments 
and in areas of plicative deformations of rocks. Gener-
ally speaking, any syncryogenic sediment sequence 
has an epicryogenic base [Badu, 2010, 2013]. When 
the sedimentation process in the top layers of the 
strata is accompanied by the freezing (both in the 
subaquatic and subaerial depositional environments), 
the formation of a syncriogenic package is accompa-
nied by a cold fl ux involving the underlying primor-
dial deposits in the freezing as well, i.e., deposits in 
the lower portion freeze epichronously with the sedi-
mentation. The stratum is generally defi ned as cryo-
genetically inhomogeneous.

1 This mode of sediment freezing through is termed by the author as endogenous-diff usion type of syncryolithogenesis [Badu, 
2010, 2015b].

2 This mode of sediment freezing through is defi ned by the author as plicative diff usion type of syncryolithogenesis [Badu, 
2010, 2015b].
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Syncryogenic and epicryogenic horizons
of permafrost starta

A syncriogenic horizon within recently formed 
contemporary and Late Holocene permafrost strata 
in the area of marine and coastal-marine accumula-
tion is rarely thick (<10–12 m), while the epicryo-
genic horizon tends to have approximately equal or 
greater thickness [Badu, 2010]. The author has iden-
tifi ed two horizons in the sections of the marine ter-
races on Yamal, with different distributions of ice 
content and cryogenic textures in the vertical direc-
tion. The main morphological features of the syncryo-
genic horizon are distinctly traced only in the upper 
3–5 meters, and rarely in the 5–6-meter portion of 
the section. While the upper horizon exhibits fi ne-
reticulate cryogenic texture with smooth, distinct 
vertical veins of ice at the base.

These gradually thin out downwards and be-
come small elementary veins of frost cracking, with a 
congruent shape. The thickness of this “basal” hori-
zon varies between 0.3 and 0.6–0.7 m. Down the sec-
tion, the horizontal ice schlieren tend to become 
sparse, increasingly thickening, and so do the mineral 
interlayers, whereas their voluminous ice content de-
creases.

Judging by the cryogenic textures distribution, 
deposits in the upper and lower parts were freezing 
non-uniformly, which implies the presence of two 
cryogenic horizons in the section, with the base of the 
upper (syncryogenic) horizon occurring in the lower 
part of the “basal” layer. The lower horizon was sub-
jected to downward freezing as the thickness of syn-
cryogenic horizon increased. The cryogenically het-
erogeneous strata, monotonous clay-loam and clayey 
in composition has thus developed on Yamal [Badu, 
1978, 2010, 2015a,b].

Traces of subaqueous syncryolithogenesis 
The footprints of all processes occurring in the 

subaqueous sedimentation environment are rendered 
in the negative-temperature environment (from the 
onset of freezing) as: convective dislocations in the 
form of layered stilliform streaks and puckered defor-
mations; plicative disturbances of entire layer stacks 
(small-amplitude, low syn- and anticline sloping 
folds); disjunctive dislocations associated with the 
neotectonic activation (micro-faults and thrusts of 
layer packages, large asymmetric folds of brachyanti-
clinal shape, contorted sand layers (“rolls”) and clas-
tic dikes of sand cutting across clay-rich sediments 
[Velikotskii, 1987, 1992, 2001; Badu, 2010]).

Cryotic and ice-soil formations of subaqueous 
syncryolithogenesis [Badu, 2010], developed in 
 water-saturated saline bottom soils, in themselves, 
have little in common with the forms of subaerial 
cryolithogenesis, neither in terms of ground mass 
composition, nor by their freezing mode, nor by the 
type of ice segregation. The explanations are avail-

able  from the above mentioned contributions by 
N.A. Shpo lyanskaya, A.I. Popov, A.D. Maslov and 
 others.

Mechanisms
of subaqueous syncryolithogenesis 

The marine sediment deposition in the upper 
part of the section proceeded in seawater at below 
0  °С temperatures with the freezing point at 
–1.7…–1.8 °С because of the high content of readily 
soluble salts precluding ice segregation in the pore 
solution. Besides, fi ne-grained sandy soils with a large 
amount of silty particles and micaceous minerals ex-
hibit thixotropic properties, retaining large quanti-
ties of loosely bound water whose freezing point is 
known to be lower than that of free water. The upper 
horizons of the sedimentary rocks are water-satu-
rated, however, coagulation bonds hinder their fl ow 
at low-angle inclination of the bottom surface, with 
water and salts redistribution gradually taking place 
in the cooled sedimentary strata. Under the weight of 
overlying deposits, the sedimentary rocks undergo 
compaction, pore water is squeezed either into the 
near-surface layers or coarser (dispersed) lithologies, 
while salts are concentrated in the lower most hori-
zons of the strata. The liquefi ed marine sediments can 
fl ow at inclination angles as small as 1–2° and are re-
tained only by the coagulation structural bonds, 
which can be destroyed not only by neotectonic ac-
tivity or large sea waves action on the water surface, 
but also by an increase in inclination angle of the lay-
ers up to 2–3°, which is considered critical, when 
sediments with thicknesses of at least 15 m become 
involved in locomotion and folding. In quite a num-
ber of sections of northern Yamal and Gydan  it is 
demonstrated [Badu, 2010, 2013] that the disloca-
tions are confi ned to the wings of neotectonic struc-
tures.

As shown by A.I. Popov [1991], sediment defor-
mation at below-zero temperatures of water and sedi-
mentary rocks on the underwater coastal slope is lia-
ble for ice segregation, inasmuch as during deforma-
tion, thixotropic soil mass releases part of the bound 
water with increased temperature at the initial stage 
of its freezing, while free water is found to be in the 
supercooled state. Its most appreciable accumula-
tions freeze in locks of anticline folds, to form layers 
of ice, and predominantly in sandy sediments or on 
lithological contacts. Containing suspended mineral 
material and chaotically oriented inclusions of frozen 
rock and abounding round air bubbles, structurally, 
this ice is similar to intrusive (injection) ice. These 
signs evidence abrupt release of stresses and a dynam-
ic (pressurized) intrusion of masses of free water into 
the sediment stratum. But, unlike intrusive ice, they 
practically do not violate lithological stratifi cation of 
the host rocks and occur conformably with the de-
formed horizons.
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Besides, water volumes concentrated at the li-
thological boundaries were squeezed directly from 
the enclosing sediments and turned into frozen state 
at the same place, forming thereby interlayers of pure 
glassy ice destitute of any mineral inclusions or gas 
bubbles. The two types of ice tend to succeed each 
other along the strike of the layers and are separated 
by distinct contacts. Resulting from the same phe-
nomenon of free water squeezing out, separate layers 
and lenses of ice are not rare in sandy deposits.

Eff ects of subaqueous cryolithogenesis 
The revealed cryolithological features corrobo-

rate the marine subaqueous cryolithogenesis hypo-
thesis developed by A.I. Popov [1985, 1991] with the 
deduced main assumption that the transition from 
the subaqueous sedimentation regime and affi  liated 
freezing to the subaerial regime, major “traces” of the 
subaqueous cryolithogenesis are retained in the stra-
tum whose freezing proceeded in the time period fol-
lowed the seafl oor draining. Although sedimentation 
is terminated in the subaerial regime, the deep freez-
ing however, progresses under the action of exoge-

nous factors of natural environment. At a certain sta-
ge (not until after all localized foci of the subaqueous 
cryolithogenesis are trapped in the permafrost, whose 
thickness has reached a fi rst hundred meters), the gas 
accumulation sitting in the 400–800 m depth interval 
begins to exert thermal infl uence on the permafrost 
strata.

As long as the subaqueous sedimentation regime 
persists over the gas reservoir, gas is forced to migrate 
to the overlying bottom sediments, thereby freezing 
them. During the transition to subaerial regime, lo-
cally occurring permafrost strata merge into larger 
massifs and, progressively freezing from above, arrest 
the fl ow of gas, forcing it to accumulate beneath the 
impervious permafrost layer (acting as caprock) host-
ed by cooled deposits of the permafrost strata. The 
resultant pressure and temperature conditions in 
these parts are interpreted to be favorable for gas 
hyd rates formation [Yakushev, 2009, 2015]. Since gas 
accumulations can exist only provided constant hy-
drocarbon charge, the discovered and developed gas-
bearing struc tures being continuously replenished 
appears logical, on a geologic scale. Permafrost strata 

Fig. 1. Subaqueous cryolithogenesis in the below 0 °С temperature environments of the marine sediment 
deposition and freezing [Badu, 2017].
1 – gas-bearing sands subjacent to clayey sedimentary rocks (Upper Cretaceous) of the caprock of gas bearing structure; 2 – ac-
cumulations of biogenic gas; 3 – accumulations of deep-basin gas; 4–7 – types of cryolithogenesis in diff erent parts of the cross-
section of the underwater coastal slope deposits: 4 – endogenous-diff usion, 5 – plicative, 6 – submarine, 7 – submarine diapirog-
enous; 8 – coastal-marine type of cryolithogenesis in the cross-section of deposits of tidal zone and laida; 9 – position of the base 
of frozen horizon in the permafrost stratum (Tbf) and the base of permafrost stratum (0°); 10 – clayey-sandy deposits, mIV; 11 – 
sandy-clayey deposits of marine terrace I, mIII–IV; 12 – clayey-sandy deposits of marine terrace II, mIII3–4; 13 – Late and Middle 
Neopleistocene sandy-clayey deposits.
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therefore had always stood a chance of forming and 
evolving in the Neo-Pleistocene against the backdrop 
of the changing transgressive-regressive environ-
ments of the Polar Basin, pervasively aff ected by the 
gas accumulation [Badu, 2006, 2013, 2014, 2015a,b].

The evolution of permafrost strata in both sub-
aerial and subaqueous environments is assigned to in-
dividual, narrowly localized seafl oor areas above the 
biogenic gas accumulations, and in areas above accu-
mulations of gases of mixed (biogenic and deep-seat-
ed) origin confi ned to neotectonic faults in the sedi-
mentary cover, and revealed by geophysical surveys. 

In the new scheme (Fig. 1), types of cryolitho-
genesis3 are presented as a succession of changing 
sedimentary facies and the marine sediment freezing 
in the subfreezing temperature environment, with the 
sea depth progressively decreasing from the underwa-
ter coastal slope to the tidal zone and the beach, then 
to the areas of low and high laida. This succession of 
stages in the developing types of subaquatic cryo-
lithogenesis is directly linked with the chronological 
stages of the marine basin development throughout 
the Middle and Late Neopleistocene and the Holo-
cene.

CONCLUSIONS

The analyzed and summarized herewith 
facts,  ide as and findings on the cryogenic (perma-
frost) strata corroborate the new concept of their 
highly pro bab le aggradation in the marine environ-
ments predominating in northern West Siberia in the 
Neoplestocene – from the eo-period (through early 
Pleistocene) liable for the emerging glaciers in the 
mountain fringes, when Early Neoplestocene trans-
gressions penetrated through the faults, to the devel-
opment maximum of the off shore area of the Polar 
Basin in the Middle Pleistocene, succeeded by the 
seafl oor drainage in the Late Neoplestocene and ther-
moabrasion-driven degradation of the nearshore land 
area in the Holocene.

1. In the Arctic region, the downward freezing of 
deposits dramatically increases on account of further 
cooling of the atmosphere. The freezing, frozen and 
cooled parts of the lithosphere continue to evolve in 
localities featured by periodically occurring below 
0 °С temperature gradients, ensuring the migration of 
pore water to the freezing front; the aquifers and wa-
ter-bearing horizons are subject to freezing; gases in 
the hydrate form are retained in soil pores, in traps of 
anticlinal folds, and in lithological windows of the 
sedimentary cover.The common features of the cryo-
lithosphere structure developed under the infl uence 
of exogenous processes, have been notably altered 
due to the interplay of local endogenous factors in-
herent in the gas accumulation and unequally aff ect-
ing the overlying rock mass, whose action is described 

as follows: a high heat fl ux is emitted from the arch 
gas accumulation, while gas migrating upwards fl ows 
from under the arch through tectonic fractures. 

2. The concept, combining the findings of the 
precursor theory of the permafrost strata aggradation 
and other concepts, allows restoring the modern 
structural framework of permafrost strata within the 
boundaries of the bearing area alone, specifi cally, in 
the geological section of gas-bearing areas. Its main 
characteristics have shown good agreement with the 
general concept of the lithosphere and the cryolitho-
sphere (permafrost) as its part in the frozen state. 

3. The end of the Middle Neoplestocene in the 
north of Western Siberia is associated with termina-
tion of the shelf sedimentary regime (sediment trans-
port and distribution over continental sheves), while 
traces of marine cryolithogenesis are preserved in the 
Late Neoplestocene. The main event that changed the 
soil stratum “identity” is the freezing of Neoplesto-
cene sediments, accompanied by synchronous and 
epichronous ice segregation in localized areas of dis-
tribution of biogenic and deep-basin gas-permeated 
rocks.

4. In the subaqueous part of the section, contem-
porary marine sediments freeze in the near bottom 
portion as well, which corroborates the fact that ag-
gradation of most recent cryotic deposits is associat-
ed with the infi ltration of gases and their participa-
tion through the throttling eff ect (i.e. expansion) in 
the bottom sediment cooling and freezing.

5. The inception and evolution of permafrost 
strata are favored by the subaqueous marine environ-
ment, when the bottom sediments are cooled down to 
below 0 °С temperature and freeze, specifi cally:

– in areas with sea depths >40–50 m under con-
ditions of submarine syncryolithogenesis due to addi-
tional heat removal from the bottom soil by water 
masses with subfreezing temperature;

– in areas with sea depths <40–50 m under con-
ditions of plicative syncryolithogenesis, when the bot-
tom soils cooled to a temperature below 0 °C is sub-
ject to freezing , with their structure deformed by the 
laminated massifs slumping along the underwater 
slope with inclination angle of fi rst degrees;

–  at depths corresponding to freezing of the 
cooled bottom soils under adiabatic expansion of in-
fi ltrated gases (endogenous-diff usion syncryolithoge-
nesis).

6. Areas with local aggradation of subaqueous 
permafrost above the gas accumulation tend to merge 
into larger massifs and arrest migration of gas, lock-
ing gases (of both biogenic and deep-basin origin) 
within the sedimentary strata. The thickness of fro-
zen horizon in permafrost strata is augmented verti-
cally upwards, to the seafl oor surface and almost syn-
chronously with respect to sedimentation.

3 Submarine, plicative, endogenous-diff usion, coastal-marine types of cryolithogenesis.
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7. Given that a syncryogenic stratum always has 
an epicryogenic base, the syncriogenic package forms 
when the sedimentation process is accompanied by 
freezing in its topmost layers. At this, the cold fl ux 
also freezes the underlying primordial deposits, i.e. in 
the lower part, the soil stratum freezes epichronically 
to sedimentation. As such, this layer is generally de-
fi ned as cryogenetically inhomogeneous, which emer-
ged locally in the continental shelf areas under the 
conditions indicative of the endogenous-diffusion, 
plicative, submarine and coastal-marine syncryo-
lithogenesis of the marine facies of Yamal deposits.

8. Subsequent to the seafl oor drainage, the per-
mafrost strata thicknesses tend to increase down the 
section under the subaerial conditions and, reaching 
fi rst hundred meters, the strata begin to experience 
thermal eff ect from the gas-bearing structure.

Prospective development of this concept founda-
tions will result in providing an explanation of many 
acute problems of the theory of on-shore permafrost 
aggradation and its degradation during periods of 
trans gressions of the Polar Basin.
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