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FOSSIL SLOPE DEPOSITS IN THE NORTHERN ARCTIC 
ASYMMETRICAL VALLEYS 

CÎimate plays an important role in the accumulation of slope 
deposits. Its changes induce modifications in a whole range of slope 
processes reflected in the composition and structure of the correlate 
deposits. Such gluctuations are well known from the fossil periglacial 
zone of Europe (K es s 1er, 1925; B ü de 1, 1937, 1953; Dy 1 i k, 1955, 
1961; Alexandre, 1960; Zebera, 1961; P:écsi, 1964, 1966), 
clearly related to glacial and interglacial times. Similar fluctuations 
were also recently recognized in the south of Eastern Siberia (Lo­
g ache v, et al.,_1964; Rovskij, et al., 1964; Gorshkov, 1967a, 
b). No climatically controlled changes iJ:?- accumulation of slope depos­
its were, however, sofar recognized in northern and north-eastern 
Siberia. Does this mean that dimatic oscillations were absent from 
these regions and that the slopes underwent uniform evolution 
throughout the whole Pleistocene? 

This question can only be answered by the study of fossil slope 
deposits. Such deposits are rarely encountered (V as yu ni n, 1958; 
Shi 1 o, 1961). Sorne irregularities are also observed in areas where 
slope processes are intensive, accumulation of slope deposits seems 
to be almost absent. It is certainly due to an insufficient knowledge 
of the Siberian slope' sediments which are frequently believed to be 
of another origin. This assumption was confirmed by the writer's _ 
field studies in the Kular range, northern Yakutia, in 1963-66. 

DISTRIBUTION OF SLOPE D_EPOSITS 
IN THE NORTHERN·PART OF THE KULAR RANGE 

The Kular range is a rather low mountain complex mainly 
composed of Permian and Triassic sandstones, aleurites and shales 
folded NE-ward, and in some places disrupted by granite intrusions. 
On the Malyj Kyuegyulur-Yana interfluve the Kular northern foot-
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hills form a ridge-Jike landscape of Ulakhan-Sis, 150-310 m in alti­
tude. The ridge consists of low, oval-shaped hills whose slopes 
grading 3-8° are overgrown with sub-Arctic tundra vegetation. Sparse 
deciduous forests occur only in deep valleys. 

Elongated N-Sward the Ulakhan-Sis ridge decreasing in height 
northward passes gradually into a sea-sbore plain. The river- and 
stream valleys are broad and asymmetrical (pl. 1) with generally long 
and gentle south-facing slopes. Most gentle are the west-facing slopes 
of the exceptional northerly· oriented valleys. 

In the asymmetrical valleys three main elements may be distin-
guished: (a) the vaUey floor, an innundation terrace and sometimes •, 
one above-flood terrace, (b) a terrace bench with a flat surface and 
better developed at the foot of south- (or west-) facing slopes, (c) the 
valley-sides built of smooth bed-rock thinly mantled with loose 
sediments. 

On the valley bottom and under the terrace bench, pre-Quaternary 
formations and their eluvium are overlain by a pebble bed, 2-3 m 
(in some very few places up to 7-10 m) in thickness. The pebble 
horizo°" is covered with grayish-brown silts: on the valley bottom 
they have scarcely sol11:e tens of cms and on terrace benches - about 
25-30 m in thickness. The silts. are dissected by ice veins whose tops, 
6-8 m in width occur at 1-1.5 m beneath the surface; downwards, 
they frequently wedge into the bedrock eluvium. In many cross-sec­
tions ice veins occur in several horizons. Further, silts show irregul­
arly dispersed lenses and layers of segregation ice and in some hor­
izons - ice lenses of injectional origin. 

According to estimates by the geologists working in this region, 
the silts are of Upper Pleistocene age. They sometimes contain bo­
nes of Upper Pleistocene fauna and their pollen spectrum shows a 
reduced pattern (G o n c h a r o. v, 1967). This and other workers' views 
on the origin of these silts are however divergent. The silts are ge­
nerally regarded as alluvial-lacustrine sediments accumulated in 
deltas (K u z n e c o v a, 1967). The present writer, however, thinks 
they are mainly slope deposits because of some characteristic pe­
culiarities in grain composition and occurrence. 

SLOPE ORIGIN OF THE SILTS OCCURRING 
IN THE KULAR ASYMMETRICAL V ALLEYS 

The silts in the asymmetrical valleys of the Kular range occur 
· predominantly on south- (or west-) facing slopes whereas they are 
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scarcely some mts. in thickness or completely absent from the oppo­
site slopes. On both valley sicles the deposits within the active layer 
are sufficiently water-saturated and liable to solifluxion and/or creep­
ing. Numerous solifluxion lobes and elongated tundra spots occur on 
the gently sloping surface of terrace benches and on valley sicles. The 
valley bottom is separated from the terrace bench by festoon-like 
steps up to 0.5 min height, composed of solifluxion ground. However, 
the rate of solifluxion on both the opposite valley sicles varies accord­
ing to the depth of seasonal thaw. On south-facing slopes thaw 
penetrates 50-70 cm deep whereas on the opposite sicles the thawed 
layer scarcely attains 20-30 cm. Deeper penetrating thaw promotes 
more vigorous creeping on south-facing slopes and therefore from 
their foot or terrace benches long ground lobes extend downwards 
onto the flood plain. These lobes cause the stream channe1s to shift 
toward the leeward slopes which, being undercut, frequently show 
bare patches of bedrock. These observations suggest that the stream 
gradually widened the valley towards the leeward slopes whereas 
the opposite valley-bottom part is filled with slope deposits overlying 
alluvium sediments. Such an accumulational pattern is freque'ntly 
observed in cross-sections through terrace benches where unstratified 

· silts up to 30 m thick generally overlie river pebbles. 
It is very characteristic that the silts bujlding the terrace benches 

gradually decrease in thickness upwards along the valley sicles but 
extend as far as to the · bedrock outcrop on the interfluve. Their 
composition and structural properties, however, are similar. 

Sorne characteristios of composition and structure testify to the 
slope genesis of the silts. The silts lack stratification. Only in some 
profiles there are marked discordantly dipping thin and short sandy 
lenses. The whole silty series is dissected by tiny grass rootlets in 
situ. This indicates that the deposits were accumulated under subaer ... 
al conditions because subaqueous (lacu~trine and/or marine) sediments 
are deprived of such rootlets. 

Debris stripes, 10-15 m long, extend downslope from all the bed­
rock outcrops. In silts debris fragments disperse gradually away and 
further from outcroping bedrock the solid particles are more weather­
ed. The stone stripes (or "scythe" horizons according to S. S. V o­
s k r es en ski j, in: Voskresenskij & Artanev, 1961) overly­
ing silty series occur in such places where the valley bottom has 
terrace-like bedrock steps which undergo intensive denudation. Simil­
ar stone stripes including river pebbles originate also in places where 
rocky valley floor under terrace benches and river pebbles is consi.-
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derably inclined towards the valley axis. Such stone stripes could be 
formed only as a result of transport of loose rocky material downslope 
by solifluxion. 

In the silts building the· terrace bench, thin intervenning layers of 
autochtonic peat occur locally composed mainly of moss remains. 
These layers are in general · crumpled, twisted and. broken. Similar 
deformations occur also in present-day solifluxion material. 

The slope, or strictly the solifluxion origin of the silts is further 
manifested by their cryogenic character. Thin bands of segregation 
ice dip according to the slope surface. Cryogenic structures in perma­
frost are analogous to those in present-day solifluxion deposits, a 
fact that will be· discussed below. Finally, variolis silty horizons show 
twisted and "ramified" asymmetrical ice veins (pl. 2). Similar veins 
are formed to-day but only on slopes where solifluxion is active 
(Gravis, 1962). If an ice vein is oriented transversally to the slope 
line, the forst fissure above undergoes shifting downslope due to 
solifluxion. The plane of least resistance to cracking, crossing through 
the fissure and ice vein, is inclined. New frost fissures originating 
successively join the ice vein at a small angle, always from below. 
Therefore the vein grows on. one side and becomes asymmetrical. 
If the material is transported by rapid solifluxion, a "fan" of separat­
ed elementary fissures forms at the •tip of the vein: it looks like 
a ramified vein. 

All these characteristics of silts' structure and their distribution 
in the asymmetrical valleys of the Kular are clearly interconnected 
and testify to a slope i.e. solifluxion genesis of these deposits. There 
is no evidence of lacustrine-alluvial or deltaic properties except for 
the bottom part of the silty series which sometimes shows a faintly 
marked .bedding and numerous non-deformed peaty layers and tree­
or shrub remains. For instance, in the Burguat valley standing tree 
trunks were exposed in situ. Parallel and mainly horizontal ice layers 
are very distinct. Because of these characteristics the deposits may 
be defined as flood sediments. They were mantled with solifluxion 
already after their accumulation. The alluvial sediments of the flood 
terrace have no more than 1.0-1.5 m in thickness. 

It has been put forward as evidence disproving the slope origin of 
the silts that they frequently lack debris and quartz particles. Frost 
weathering producing of the debris disintegration must be, however, 
taken into account. Due to processes of freeze-thaw quartz also 
disintegrates as demonstrated by laboratory · experiments (Mazu­
r o v & Ti k ho nov a, 1964). The farther the distance of mass 
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movement the longer did the ground undergo freeze-and-thaw; quartz 
is therefore hardly likely to remain preserved within the ground. 
Thus argillite and shale .fragments disappear altogether at a distance 
of 10-15 m from the bedrock outcrops. 

The assumption that the silts do not contain any debris particles 
because of frost weathering, is indirectly supported by the following 
facts. Vertically oriented sandy-shale rock fragments and quartz 
particles are frequently concentrated along the borders of ice veins 
developed in stone-free silts. Obviously, these rock fragments could 
seep from the surface only down frost fissures that . were parallel to 
the ice-vein borders rather than those in the center. As the 
stones were incorporated into _the frozen layer they could not be 
further disintegrated whereas these rock fragments contained in the 
active layer underwent continuous disintegration . as a result of the 
aggrading permafrost table. 

CRYOGENIC STRUCTURE . OF FOSSIL SLOPE DEPOSITS 

The cryogenic structure of the fossil slope deposits filling the 
Kular asymmetrical valleys is very complex. Apart from some differ­
ences found in a number of seçtions the deposits fall into two types. 

The fi r s t type (fig. 1) is characteristic of the upper segments 
of asymmetrical valleys where the terrace -bëncp.es are not well 
shaped and the slope deposits form gentle lobes. A similar pattern is 
also typical of the valleys situated in the zone where the Kular ' 
range passes into maritime lowland. Relative heigths are here scarcely 
more than 5~ m, and - the valleys are . very broad; · 1ong and very 
gentle lobes with small outward fronts extend on both their sides. 

In all the valleys such lobes exhibit 6 horizons differing in com­
position and cryogenic structure. Three horizons - 2, 4, and 6 (from 
the top: fig. 1) - each 2-8 m thick, similar in structùre are compos­
ed of grayish-brown silts containing numerous grass roots in situ. 
No other plant remains were found. 

The silts contain faintly visible, irregularly dispersed ice lenses. 
Small ice balls occur as well. In the top of each: horizon the i~e lenses 
are more numerous and form thin (from a fraction of 1 mm to 
5-6 cm) bands which join the "ramifications" of large ice veins. 
This testifies to their syngenetic origin (Kat as on o v, 1958). More­
over, the whole pattern suggests that ice veins grew lateraly, especial-
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Fig. 1. Schematic cross-section through slope deposits in the asymmetrical valleys of the northern Kular range (first type) 

1. bedrock; 2. river pebbles; 3. silt; 4. indistinct and dj.scontinu'Jùs ice layers in solifluxion deposits; 5. thin ice bands in solifluxion 
deposits; 6. horizontal ice layers in alluvial sediments; 7. arcuate ice layers in lacustrine sediments; 8. ice veins; 9. "ramified" ice veins; 

10. injection-ice lenses; 11. permafrost table; 12. numbers of the slope-deposit horizons 
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ly during the accumulation of the silts with small ice bands. New ice 
veins originated at that time. 

Horizons 3 and 5 are composed of gleyetl bluish-gray silts with 
deformed peat interlayers and shrub- and tree remains. Trunk fragm­
ents are encountered far in the tundra zone from where forest vege­
tation is absent to-day. The horizons are 1-3 m, rarely up to 5 m in 
thickness. The silts show numerous and large ice lenses up to 0.5 cm 
thick. They constitute a background for larger but indistinctly out­
lined and di~rupted ice layers. In some places, however, there are no 
such interlayers and cryogenic structure is manifested only be ice 
lenses with their tips joined. Both the horizons show often small 
"ramified" and discontinuous ice veins. 

Composition and cryogenic structure clearly change in the middle 
parts of these horizons: there occur rather small superimposed lense-, 
-like beds of lacustrine sediments (several mts in length and less than 
1 m in thickness). Their lacustrine origin is indicated by horizontal 
stratification of a varved type. Tiny tree roots disappear in these 
lenses. In some places are small intrusions of vivianite. 

The lacustrine silty lenses are underlain by arcuate, thin and 
parallel ice layers which truncate the ice intrusions in the silts 
below. The mineral ground between and above the bent ice layers is 
closely dissected by vertical or inclined, short ice veins. Moreover, 
small lènses of injection ice occur within the top of the lacustrine 
sediments. 

Most of the lense-like lacustrine beds including injection ice over­
lie fossil ice veins. For, only a part of the ice veins grew laterally 
and upwards during the sedinientation of horizons 3 and 5, whereas 
some veins ceased ,,_to develop or underwent thawing from the top 
downward. 

The silty upper horizon (1) shows a somewhat different composit­
ion. It also contains crumpled peat layers but tree remains occur 
only in the deposit of those slopes which are forèsted to-day. The 
bottom pàrt of this horizon is correlated with the tops of large ice 
veins whereas its top forms the downward surface of the active layer. 
Its thickness is only rarely more than 1-1.5 m. Cryogenic structure 
in the lower part of this surficial horizon is revealed by ice lenses, 
up to 0.5 cm thick. Upwards, the intrusions of segregation ice in­
crease in volume. Hence, the wings of the horizon are mostly ice­
-filled: 15-20 cm thick icé layers are distributed 5-7 cm apart, in­
distinct and disrupted in the tundra area (pl. 3), and well-defined 
on forested slopes. 
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In this horizon ice veins are scarce and rather short. In most 
cases they are rather ,,insertions" into the large ice veins occur­
ring below. 

Thus the frozen slope deposits typified by the first kind of profiles 
show a composite cryogenic structure. Evidence of this are the 
rhythmically alternating horizons described above and some regula­
rities in the changes of a cryogenic pattern within each of these 
horizons. This pattern is strongly obliterated due to the presence of 
ice veins, because some of them developed continuously only some­
times expanding laterally (within horizons 2, 4, and 6), while other 
ice veins were interrupted during their formation. Therefore, the 
big veins intersecting the whole bed may be accompanied by small 
ones. 

The s e c o n d t y p e of profiles (fig. 2) is characteristic of those 
asymmetrical valley parts in which the terrace benches have an en­
tirely smooth surface (1-3°) and clearly formed risers, (15-20°). Four 
horizons are found here differing in cryogenic structure. 

The first horizon - from the top - of frozen slope deposi ts does 
not essentially differ from the surficial horizon of the afore-descri­
bed profile type. Silts of this horizon entirely mantle the terrace 
bench and its risers encroaching on the valley sides. 

Horizon 2 is only connected with the gentle surfaces of the ter­
race benches. Up to 6 min thickness, it is composed of gleyed bluish­
-gray silts containing small tree roots and remains of peaty plants. 
The horizon is characterized by a high content of segregation ice 
and large ice veins whose top parts attain 6-8 m in size. The ice 
veins form polygons whose minera! cehters have no more than 
4-5 m across. Silts in polygonal blacks are interbedded with closely 
spaced concave ice bands intersected by small ice Ienses. Small len­
ses of injection ice often occur in the most concave- parts of these 
ice bands. The concavity of the ice layers is partly primary - due 
to formation of polygonal-and ridge-like microrelief forms on gentle 
slopes, and is partly secondary becaus~ of the lateral growth of ice 
veins: expanding veins pressing against the frozen ground, caused 
its slow deformation and upward bend along the ice-:vein borders. 

Horizon 3 forms the main part of the t'Ërrace benches. Only their 
fronts are covered with thin deposits of surficial horizon 1. Hori­
zon 3 varies from 2-3 to 10-15 m in thickness and is composed of 
brownish~gray silts with small and thin tree roots. Apart from very 
small ice lenses there are nest-like ice concentrations but very often 
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Fig. 2. Schematic cross-section through slope deposits in the asymmetrical valleys of the northern Kular range 
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ice of both forms is absent even though the ground is entirely moist. 
At first sight the silts resemble those of horizons 2, 4, and 6 of the 
first type profiles. The ice veins form a loose network thus giving 
the impression as if some of them, penetrating from above, had 
wedged out in this horizon. 

Horizon 4 directly overlies river pebbles or flood sediments. It is 
1-2 m thick and composed of blueish-gray silts containing remains 
of peaty plants and shrub twigs. There is a great number of 0.5 cm 
ice lenses as well as indistinct and disrupted ice layers. The polygo­
nal network of ice veins becomes more dense because the formation 
of ice veins began in the underlying flood sediments and continued 
its evolution during the sedimentation of horizon 4. In some places, 
the ice veins are inclined and ramified. 

The profiles of the second type do not show any such a rhythrnic 
alternation of structure as .is characteristic of the first-type profiles. 

PRESENT-DA Y CORRELATES OF CRYOGENIC STRUCTURE 
OF FOSSIL SLOPE DEPOSITS 

For a correct recognit_ion of the paleogeographic conditions under 
which fossil slope deposits were accumulated - taking into account 
their cryogenic structure _, it is necessary to examine thouroughly 
the corresponding present-day deposits. It should be further remem­
bered that the type of cryogenic structure of syngenetically freezing 
sediments depends in general on the facial conditions of accumu­
lation and upfreezing of the deposits. 

Inclined and "ramified" ice veins, the presence of bent layers 
in slope waste, and of crumbled peàty bands, various solifluxion 
surface forms on the terrace benches, are all characteristics of the 
solifluxion origin of the slope deposits. Therefore, the present-day 
analogues of the cryogenic structure of fossil deposi ts should be 
looked for in solifluxion deposits. 

Investigations in various regions of Yakutia have shown that fro­
zen solifluxion deposits contain a large quantity of ice. In the most 
mobile segments of solifluxion terraces, -streams, and -covers, a den­
se network of ice lenses originates during upfreezing of the sedi­
ments, but ice layers and bands are absent. However, short, thin and 
indistinct ice bands appear on the background of the ice-lense net­
work in such plaèes in which the material is not so mobile and 
overgrown at the surface with a dense moss-cover. On the more sta-
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bilized slopes with episodic and discontinuous solifluxion, previously 
observed broken ice layers have become longer and thicker (pl. 4), 
At last, clear ice layers elongated downslope appear on slopes that 
are saturated with water and entirely moss-covered, from which so­
lifluxion is to-day altogether absent. 

According to the above-mentioned observations it may be stated 
that the type of cryogenic structure in silts on mostly water-satu­
rated slopes is - first of all - controlled by the dynamics of slope 
processes varying under different facial conditions. The more de­
nudation and accumulation are intensive the more mobile is the 
permafrost surface and the less clear are the ice layers under this 
surface. 

This is due to the growing of ice layers and ice bands throughout 
many years within the syngenetically freezing subaeral deposits. 
These ice layers grow on the permafrost table owing to coalescence 
of new ice lenses with those previously formed. Sµch freezing toge­
ther is possible only in years with warmest sumniers when thawing 
attains its maximum depth. Thick and distinct ice layers grow only 
if the permafrost table does not change its level over a longer pe­
riod. 

Vigorous denudation and accumulation on slopes are causes of 
changes in the permafrost table. Ice lenses cannot freeze one to ano­
ther and therefore they do not form ice la y ers though the deposi ts 
are strongly saturated with water. 

This important regularity permits to determine the conditions of 
accumulation of the fossil slope deposits belonging to horizons 1, 3, 
and 5 in the sections of the first type. The cryogenic structures of 
these horizons are similar to those described above belonging to the 
range of cryogenic .structures formed synchronously within the 
solifluxion deposits. Such structures are characteristic of sub-:-Arctic 
tundra and · forest-tundra zones. Therefore, it may be assumed that 
similar conditions existed in this area during the accumulation and 
upfreezing of the deposits belonging to the fossil horizons mentio­
ned above. 

As these cryogenic structures have no correlates in the present­
-day deposits of this area, it is difficult fü recognize the conditions 
of formation of horizons 2, 4 and 6. Because of the absence of peaty 
interlayers and of any other tree- or shrub remains these deposits 
must have presumably originated in a very severe climate. Therefore 
the present-day correlates of such series should be looked for far­
ther north of the sub-Arctic tundra, i.e. in the Arctic tundra or/and 
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in the cold desert zone. In the latter zones there occur smooth 
foothills which are almost entirely devoid of a turf cover; structu­
ral solifluxion is here active producing elongate tundra spots (py­
atna medaliony) and solifluxion lobes. The present writer, however, 
was unable to examine such lobes because his studies were limited to 
some reduced areas of north-facing slopes with structural solifluxion 
in the sub-Arctic tundra. It appeared that the frozen deposits in the 
area investigated contain less ice than the adjacent turf-covered 
slopes on which amorphous solifluxion occurs but from which elong­
ate tundra spots and solifluxion lobes are completely absent. 

Moreover, ice lenses are small in places where structural soli­
fluxion operates on_ the surface: closely spaced lenses merge into one 
another forming ice bands, but ice layers proper do not develop. 
However, nest-like ice concentrations occur filling voids which in 
dusty sediments are due to disturbances of their tixotrophic struc­
ture. 

Deposits on slopes with structural solifluxion do not contain any 
peat layers because the slope surfaces are devoid of turf. Moreover, 
the silts are not gleyed because air-circulation in the ground is pos­
sible due to summer desiccation of tundra spots and solifluxion 
lobes. 

Although ice intrusions in slope deposits of structural solifluxion 
are not fully identical with very thin ice lenses in fossil slope de­
posits all their similarities, however, seem to confirm the assu:tnption 
that the silts in horizons 2, 4, and 6 of the first type profiles were 
accumulated under conditions of Arctic tundra and/or Arctic desert. 

RHYTHMIC ALT~RNATIONS IN THE STRUCTURE 
OF THE SLOPE DEPOSITS ~S A RESULT OF PER'IODICAL 

CLIMATIC CHANGES 

{Profiles of the first type) 

Figure 1 shows that the main bulk of the terrace benches is 
composed of deposits belonging to horizo1:1s 2, 4, and 6, which were 
accumulated and frozen under severer climatic conditions than those 
prevailing to-day (most likely: Arctic tundra or cold desert). The 
deposits providing evidence of a severe climate are intersected by 
those formed in sub.;..Arctic- and/or forest-tundra (horizons 3 and 5); 
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at that time the forest limit extended farther northward than to"'.'day. 
Horizon 1 was also formed in a milder climate. 

Thus, during the Upper Pleistocene (Würm) and the Holocene, 
sub-Arctic tundra of forest-tundra alternated with Arctic tundra or 
cold desert. These alternations were controlled by three great ~aves 
of cold climate separated by relatively warmer phases. 

The age of these coolings and relative warmings of climate is as 
yet imperfectly known. They are believed to have been paralleled 
with the würmian stadials and interstadials, according to the re­
gional stratigraphy of the Quaternary deposits of the Siberian plat­
form (A 1 e k se y e v, Ra vs k i j & Ce j t1 in, 1966). The last mil­
der phase - surficial horizon 1 - is commonly regarded as Holocene 
in age. 

Hence the two first cold phases would correspond to the two 
stadials of the Zyryan glaciation, and the last one - to the Sartan 
glaciation. Consequently, the first milder phase would be correlated 
with the Zyryan interstadial while the second one with the Kar­
gin age. 

At the close of the Lower Pleistocene and in the Kazancov per­
iod, broad and deep valleys were formed in the northern border of 
the Kular range. Trees grew on the flood plains situated above the 
present-day tree line. Permafrost however existed at that time 
because the gravels of the same age -eontain small ice layers which 
were formed due to adhesive upfreezing to the permafrost table. 

The first cold phase promoted the activity of slope processes. 
Under the conditions of Arctic tundra or cold desert, the valley slo­
pes being poorly covered with turf becai:ne areas of deluvial (col­
luvial) processes (vide: discordant and diagonal sandy series in silts) 
and of structural solifluxion that was especially intense on deeper 
thawing ,~outh-facing slopes. Huge masses of deposits derived from 
these slopes caused the stream channels to shift towards the opposite 
lee-slope; these deposits mantled river pebbles and alluvium. Accu­
mulation in stream channels increased because the highly overloaded 
streams were inapt to remove the slope material. 

Vigorous slope processes induced uninterruptedly rapid changes 
in the permafrost table. Therefore, smaller ice lenses that orginated 
while the silts froze up, did not freeze to each other for the upper 
part of permafrost was entirely and uniformly impregnated with 
ice. Within the slope deposits increasing in thickness, ice veins were 
formed, but 'such that were oriented according to the line of slope. 
Thus· the polygons became elongated. 
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Later, the rate of àccumulation decreased; as a result the per­
mafrost table acquired a certain degree of stabilization and the ice 
lenses could begin joining each other. Cons·equently thin intervening 
ice layers were forriled which are visible as bands in the top part of 
horizop 6. Ice-vein formation continued but, due to a slow rate of 
accumulation, the veins grew intensively in width. Owing to the de­
velopment of veins oriented across a slope there was also deforma­
tion of polygons. 

With the decrease of slope processes grew the activity of streams 
which deepened and widened the valleys by transporting the accu­
mulated material. 

The direct reasons for which accumulation decreased are so far 
unknown. Most probable however was the decreasing humidity of 
clirnate in the mid- or late phase of the cold periods, as it is stated 
already for the Pleistocene periglacial zone of Europe and Southern 
Siberia (Büdel, 1953; Sekyra, 1961; M. P. Grichuk & V. P. 
Gr i chu k, 1960; Giter man, Go 1 u be va, et al., 1965). The 
growing aridity of climate inhibited structural solifluxion though 
intensive deluvial (colluvial) processes were still active. 

The subsequent amelioration of climate favoured the invasion 
of sub-Arctic- or forest-tundra (horizon 5). The slopes became co­
vered with grass, shrub and moss vegetation. The depth of seasonal 
thawing was thereby reduced though the climate was milder. Struc­
tural solifluxion was replaced by amorphous solifluxion, and col­
luvial processes ceased almost entirely. The rate of ice-vein growth 
was considerably reduced, and some of the previously developed 
veins .became inclined due to solifluxion. 

Moss-and-peaty cover on gentle slopes, growing gradually in 
thickness, reduced the depth of seasonal thawing. Solifluxion is prac­
tically absent if thawing reaches 20-30 cm. Those conditions favoured 
ice-vein growth; polygons with ridges bordering the wedge sides 
(= low centered polygons) dev:eloped thereforeon the gentle slopes. 
In the concave polygon centers appeared marshes or shallow lakes. 

Widening and deepening of valleys continued. Streams undercut­
ting the slope deposits formed scarps; thus colluvial processes were 
intensified (above the scarps), mainly along the grooves above the 
ice-veins. These grooves were being widened and deepened, ice_ veins 
partly melted away. All this contributed to the enlargement of 
troughs in which stagnant water accumulated. Traces of such small 
water basins are visible in the form of the above-mentioned lenses 
of varved deposits with arcuate intervening ice layers. 
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Successive climatic changes - cooling and increasing humidity -
partly reduced the moss cover on slopes promoting a wider distri­
bution of moss and cotton grass. As a result, seasonal thawing was 
penetrated deeper and therefore solifluxion was more vigorous. 
Polygonal microrelief on slopes became obliterated, the depressions 
containing small lakes were filled with sediments in which lenses 
of injeètion ice were formed during subsequent freezirig. Traces of 
solifluxion are recognizable within horizon 5 in the form of cru­
shed peaty layers, "ramified" veins, or broken and discontinuous in­
tervening ice layers. 

As a result of further cooling of the climate, forest-tundra or sub­
-Arctic tundra retreated and Arctic tundra or cold desert prevailèd 
again (horizon 4). During this and the next - Sartan - cooling as 
well as during the milder -:- Karginsk - interphase, slope processes 
were likewise differentiated. The reduced rate of solifluxion and 
increasing development of peat- and moss covers during the Holo­
cene induced a progressive growth in thickness of the ice layers, 
their well-marked outlines and length towards the top of this hori­
zon. Minor phases of Holocene solifluxion, either increasing or 
decreasing, are not revealed by the structure of the slope deposits. 

THE INFLUENCE OF GEOMORPH'IC AGENTS UPON THE STRUCTURE 
OF SLOPE DEPOSITS 

(Profiles of the second type) 

Profiles of the second type do not show any rhythmic pattern· 
of structure and their description was therefore omitted in the fore­
going chapter. The character of permafrost depends on the part 
of well-formed terrace benches on which the deposits were accumul­
ated and frozen: in lobe margins, at the lobe base, on the lobes 
themselves, or on the surface of terrace benches partly overlain 
by slope deposits. 

The sediments of horizon 4 are of solifluxion or slopewash ori­
gin. They were deposited and frozen on the margins of lobes encroa­
ching on the flood plain, in front of a terrace bench. Here, the sur­
face is entirely saturated with water seeping from the terrace 
bench boggy and overgrown with moss, even under Arctic-tundra 
conditions. The active layer is fairly thin, no more than some tens 
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of cms. Structural solifluxion is absent, and even amorphous soli­
fluxion is weak because of negligible inclination. Ice veins, which 
began to form on the flood plain, underwent further growth in the 
deposits forming the border parts of lobes though they are here 
often inclined and "ramified". 

The deposits of horizon 3 being of solifluxion origin accumulated 
and froze up in the upper and steeper parts of the lobes which form 
the front of the terrace benches. The presence within them of ice 
lenses and ice "nests" tesifies to the cold conditions under which 
this horizon originated; slope processes became more active, and 
lobes encroached upon the flood plain and shifted the stream chan­
nels sidewards. 

The deposits of horizon 2 are also of solifluxion origin. They 
accumulated and froze up on the relatively gentle surface of terra­
ce benches grading no more than 1-3°. As a result, the slope pro­
cesses are slow, the permafrost top is stable, and ice lenses can freeze 
up to each other forming streaks and intervening closely spaced lay­
ers. Simultaneously large ice veins are formed. 

The deposits of horizon 1 are present throughout the whole sur­
face of the terrace benches. These solifluxion deposits are identical 
with those of horizon 1 of the first type sections. They are probably 
Holocene in age. 

No periodical climatic changes, whose evidence would be- record­
ed in the slope deposits, have been found in those parts of the asym­
metrical valleys where the ±errace bench has a well-formed riser. 
Thin horizons containing indistinct and disrupted ice layers were 
formed on steep lobe risers at the front of terrace benches during 
:relatively cool periods. They were destroyed at the time of recurrent 
cooling and revival of slope processes. Thus, deposits from various 
cool phases merge together into one horizon (3). Thin but overlap­
ping horizons, corresponding to separate cold and warmer phases, 
occur within the deposits which mantle the levelled surface of terra­
ce benches. Cryogenic structures are homogeneous but strongly de­
formed by large ice veins. Therefore, the paleogeographic conditions 
could not be determined on the basis of examination of these de­
posits. It might be possible only when studying these deposits in 
those parts of asymmetrical valleys where terrace benches lack 
distinct risers. 

In other regions of northern Yakutia, lobes composed of slope 
deposits have a similar structure. This evidence from the Kular range 
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permits to assume a generalized occurrence of paleoclimatic 
oscillations. 

CONCLUSIONS 

In the asymmetrical valleys of northern Yakutia there are thick 
covers of slope deposits. Until now many scientists regarded them 
as formations of another origin. In the upper valley segments the 
lobes composed of slope deposits show rhythmic alternations in their 
structure due to periodical changes of climate and of slope accumu­
lation. 

In northern Yakutia, solifluxion deposits, poor in organic re­
mains correspond to cool phases during which slope processes ope­
rated intensively. They include an abundance of thin ice lenses and 
nest-like ice intrusions and exhibit large ice veins. During the war­
mer oscillations the rate of slope processes decreased whereas soli­
fluxion deposits grew in thickness becoming gleyed and enriched 
with organic matter, such as: disturbed and nest-like peaty layers, 
shrub twigs -and fragments of tree trunks. These deposits contain 
rather large intrusions of segregation ice: ice bands and disconti­
nuous ice layers. Ice veins are often asymmetrical, inclined and 
"ramified". There are also some small lenses of lacustrine sedi­
ments containing injection ice. 

In northern Yakutia three würmian phases of increasing climatic 
severity have been distinguished which are correlated with two 

· stadials of the Zyryan glaciation and with the Sartansk glaciation. 
Warmer oscillations correspond with the interstadials and the post­
glacial time. 

Traduction de l:.. Dutkiewiczowa 
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f 
Pl. : 1. Asymmetrical valley of the Kebireel-Yurega river in the northern 
Ku

1
lar range. Terrace bench is at the foot of the south-facing slope (on the 

right side) 

Pl. 2. Lower part of an ice vein, ramified due to solifluxion 
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Pl. 3. Discontinuous and indistinct ice layers in solifluxion deposits 

PL 4. Fragment of indistinct ice layers in solifluxion deposits 




