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The article deals with the cryogenic processes taking place in the terminal zone of the recess-
ing glacier of SW Greenland, which modify the sediment layers and transform the landforms.
The sediment horizons were examined in natural outcrops and in trenches. Structural analysis of
periglacial sediments in the slopes has shown that subdued evaporation and shallow permafrost
favour the development of cryoturbations. In relief declensions, the formation of polygonal sur-
faces is predetermined by shallow beds of magmatic rocks, permafrost and especially slow evapo-
ration during short warm seasons. Aeolian processes are most active in the valleys sculptured
by glaciofluvial flows where cold arid winds blow out or rework inequigranular deposits. Dust is
blown out by wind erosion, whereas the coarse-grained material is transported by creeping or sal-
tation. Sand ripple and embryo dune terrains are widespread in glaciofluvial valleys. Wind erosion
processes forming pebble-boulder deflation pavements take place in relief declensions. Outcrops
sized 10-60 m* and niches develop in the hill slopes. Diatoms indicate that sedimentation in small
closed basins took place under cold, oligotrophic, acidophilous conditions.
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INTRODUCTION

Glacial and aquaglacial sediments and landforms in the
periphery of the Russell Glacier in SW Greenland have not

Long- and short-term climate oscillations in the periglacial
zone predetermine the composition and intensity of epige-
netic processes. Cryogenic processes, most intensively modi-
fying the surface layer of powdery sediments and sculpturing
specific landforms, are most intensive in the terminal zone of
the transgressing glacier. Yet the surface sediment layer and
landforms are shortly after destroyed by glacier advance.

The sediment layers modified by cryogenic processes and
landforms created by them persist longer in the stagnant or
recessing glaciers. The landforms in the terminal zones of
glacier periphery during Pleistocene glaciation are dramati-
cally and often unrecognizably transformed by temporal geo-
morphological processes.

yet endured any marked transformations (Fig. 1). Their anal-
ysis may improve our understanding of the processes taking
place in Central Europe and in the territory of Lithuania at
the end of the Pleistocene.

The investigations carried out in September 2007 pro-
vided a basis for evaluating the intensity of limnoglacial, gla-
ciofluvial, cryogenic, aeolian, thermokarst and organogenic
processes, sediments and landforms in the terminal setting.
Limnoglacial and glaciofluvial processes were analysed in
special articles (this volume). The present paper is an over-
view of the activity of other processes.

In Greenland, diatoms are among the main primary pro-
duces. They are sensitive to many environmental variables,
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Fig. 1. The study area: 7 — erosion formation, 2 — glacial edge formation, 3 — glaciofluvial formation, 4 — aeolian formation, 5 — glacier, 6 — lakes, 7 — glaciolacustrine
lakes, 8 — glaciofluvial streams, 9 — periglacial formations on the slopes, 70 — polygonal forms, 77 — aeolian dunes, niches and outcrops

1 pav. Tyrimy teritorija: 7 — eroziniai dariniai, 2 — ledyno pakras¢io dariniai, 3 — fliuvioglacialiniai dariniai, 4 — eoliniai dariniai, 5 — ledynas, 6 — eZerai, 7 — limnoglacia-
liniai baseinai, 8 — fliuvioglacialinés tékmés, 9 — periglacialiniai dariniai Slaituose, 70 — poligonalinés reljefo formos, 77 — eolinés kopos, daubos ir atodangos

including light, moisture conditions, temperature, current
velocity, salinity, pH, oxygen, inorganic nutrients, organic
carbon and organic nitrogen (Van Dam et al., 1994). There-
fore, they are considered powerful indicators for environ-
mental changes, including acidification, eutrofication and
climatic changes, both in neo- and palaeoenvironmental
studies. In our study, investigations of diatom flora help to
understand the palaeoecological conditions of sedimentation
in small closed basins.

METHODS

Sediment horizons in the terminal setting of glacier peri-
phery zone were examined in several natural outcrops and
in trenches and holes. The latter were shallow (to a depth of
up to 1 m) and included only the active layer of the powdery
sediment cover.

The morphometric parameters of biogenic, Aeolian,
thermokarst and cryogenic landforms were measured using
a tape-measure and a GPS device. The GPS device was em-
ployed for mapping homogeneous landform complexes: areas
of polygonal surfaces, deflation pavements, areas of Aeolian
ripple marks, deflation basins, sinks and niches, and solifluc-
tion lobes (Baltranas et al., 2008).

Diatom investigations were carried out in a little bog
(Fig. 2) situated in the periphery zone of the Russel Glacier
(67°05’35”N, 50°14°84). Samples were taken from the upper
part of the section at 5 cm intervals deep to the frozen soil.
The lithology of the section is described in Table.

Diatom frustules were extracted from the sediments in
the conventional manner described by Battarbee (1986),
Miller and Florin (1989). HCI was added to remove the car-
bonates and 30% H,0, to oxidise organic matter. Decant-
ing and flotation in heavy liquids (CdI, + KI) were applied
to remove clay particles and mineral material. Afterwards,
the residue was mounted in NBS Naphrax (R.I. = 1.74) and

Table. Lithology of the section
Lentelé. Nuosédy pjavio litologija

Depth (cm) Lithology
Gylis (cm) Litologija
0-0.25 Light brown laminated peat
0.25-049 Light brown silty peat, in the lower part gradu-
’ ’ ally changed by dark brown peat
0.49-0.63 Dark brown peat, Qistinctly horizontally
laminated
0.63-0.90 Dark brown silty peat, in the lowermost part

2 cm black peat layer
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Fig. 2. Place of diatom investigations (), study section (B)
2 pav. Diatoméjy pavyzdZiy paémimo vieta (A) ir tirtas kasinys (B)

examined under a light microscope with an oil immersion
objective at a magnification of 1000x. The identification of
species mainly followed Krammer and Lange-Bertalot (1988;
1991a, b; 1997). Diatoms were subdivided into groups ac-
cording to ecological requirements (Hustedt, 1937-1939;
Van Dam et al., 1994). The succession of the most frequent
and ecologically important taxa is presented in percentage
diagrams based on the total sum of the identified items. All
spreadsheets and percentage diagrams were plotted using the
TILIA and TILIA-GRAPH programs (Grimm, 1992). The zo-
nation of the diatom diagram was performed according to
the constrained incremental sum of square cluster analyses
(CONISS) developed by Grimm (1992).

RESULTS

Cryogenic transformation of sediments. The structural
dynamics of periglacial sediments was studied in a north-
ward 40 m high and 156 m long slope with the slope angle
ranging from 5-7 to 11-16° (Fig. 3). The average slope angle
was 10°. The upper layer of slope sediments is composed
of aleurite with rich peat intrusions. Medium-grained sand
was detected only at the bottom of the slope at a depth of
3 m. Sand with gravel and pebbles is bedded at a depth of
0.6 m. The large slope angle provides for good drainage
conditions. This is evident from the dry upper part of the
slope where the active sediment layer reaches up to 1.0 m.
The active layer at the slope bottom is considerably thinner
(only 0.6 m).

Subdued evaporation and shallow permafrost retain
the water of atmospheric discharges. These conditions pre-
determine rather intensive peat-forming processes in the
declivitous slope, what is untypical of temporary climate
conditions. Peat-formation takes place in aleurite sediments
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Fig. 3. Position of the boreholes on the slope: 7 — peat, 2 — sandy peat, 3 — sand
with organic, 4 — silt, 5 — silty sand, 6 — pebbles, gravel, sand and silt, 7 - sand,
8 —qgravel, 9— pebbles, 70 — permafrost

3 pav. Kasiniy iSsidéstymas Slaite: 7 — durpés, 2 — smélinga durpé, 3 — smélis su
organika, 4 — aleuritas, 5 — aleuritingas smélis, 6 — gargzdas, Zvirgzdas, smélis ir
aleuritas, 7 — smélis, 8 — Zvirgzdas, 9 — gargzdas, 70 — daugiametis jSalas
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which have been and still are depositing under conditions of
intensive aeolian accumulation. A rather complex sedimen-
tation cycle is characteristic of this slope of the northern ex-
position (Fig. 4).

Polygonal surfaces. The classic polygonal surfaces form in
shallow relief declensions. Their generation is predetermined
by a few factors: shallow magmatic rocks and permafrost ob-
structing the penetration of atmospheric water into deeper
layers and a very subdued evaporation during a short warm
season. These factors are responsible for the intensive peat
formation in blind surface declensions. In autumn, the water
accumulated in peat freezes at extremely high rates, forming
a network of ice wedges splitting irregular peat pentagons.
The ice wedges observed in the upper part of the slope were
up to 1.5 m deep and 0.1 m wide.

Climate warming entails degradation of ice wedges. The
upper parts of ice wedges are melting. In summer time, ice
blocks begin at a depth of 0.6 m. Narrow (0.1-0.5 m) and
rather deep (up to 0.6 m) cracks form above them. In sum-

Peat Silt Freezing of Crioturbation
accumulation|—| accumulation || active layer | |in active layer
(summer) and ice steaks (winter) (spring)

formation in
active layer
(autumn)

Fig. 4.Trend of sedimentation cycle
4 pav. Sedimentacinio ciklo raida

mer, these cracks stay dry (Figs. 5 and 6). The network of de-
caying ice blocks splits peat sediments into small segments.

In warmer and more arid summers, a decomposition of
plant wastes and concomitantly a degradation of the peat
layer take place in the polygonal surfaces. As a result, the
peat layer, performing the function of thermal insulation
in summer, thins inducing the thawing of the underlying
permafrost and thus contributes to the further transforma-
tion of the polygonal surface. When blind declensions are
composed of magmatic rocks, a complete degradation of a
polygonal surface is possible (Fig. 7). The degradation is en-
hanced by an intensive wind erosion in spring and in early
autumn.

Aeolian processes. Most intensive Aeolian processes
take place in valleys sculptured by glaciofluvial flows. In
summer, the thawing glacier water deposits inequigranular
sediments: from large blocks (@ 2 m) to fine-grained sands
(@ 0.1-0.05 mm) and aleurites (@ 0.05-0.002 mm). An
especially intensive deposition takes place during floods
recurring at 20-year intervals (Russell, 1989, 1993, 2006;
Shakesby, 1985). The fine-grained sediments are most ac-
tively reworked by aeolian processes. In glaciofluvial sedi-
ments, wind erosion and accumulation processes take place
simultaneously. The powdery material is blown out and ac-
cumulated at a distant environment. Depending on the wind
direction and strength, aleurites accumulate at the glacier
edge, in leeward slopes of erosion landforms, limnoglacial
basins and fiords or in the ocean. Layers of the powdery
fraction were formed in the bottom of the basin after a cata-
clysmic drainage.
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Fig. 5. Permafrost surfaces: A — photo, B — scheme

5 pav. Poligonaliniai paviriai: A — nuotrauka, B —schema
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Fig. 6. Cross-section of permafrost surface: 7 — ice wedge
6 pav. Poligonalinio pavirsiaus segmento pjdvis: 7 — ledo kylis

Fig. 7. Cross-section of permafrost surface on the slope: 7 — peat, 2 — magmatic
rocks, 3 —ice wedge

7 pav. Poligonalinio pavirdiaus pjavis Slaite: 7 — durpés, 2 — magminés uolienos,
3 —ledo kylis

A rather rapid drying of accumulated sediments takes
place in the higher peripheries of glaciofluvial valleys where
drainage conditions are better. The cold arid winds blowing
from the glacier (v = 10-15 m/s) blow out the dust and fine-
grained, medium-grained and coarse-grained sand from the
glaciofluvial sediments. Coarse material is transported by
creeping and saltation. Ripple marks on the sand and embryo
dunes are generated by one combined deflation—accumula-
tion process. The altitude of the dunes reaches 0.4-0.6 m.
The embryo dunes form in 10-12 hours at a wind velocity
of 8-12 m/s.

In relief declensions whose longitudinal axes coincide
with the dominant wind direction, deflation processes prevail.
An intensive blowout was observed in a saddle mountain be-
tween the Russell and the Leverett glaciers (Fig. 8). The defla-
tion pavements at the bottom of the saddle mountain extend
along the NE-SW line. Sediments of the pavement are com-
posed of pebbles (@ 7-10 cm) and boulders (@ 10-20 cm).
Due to wind turbulence, the slopes of the saddle mountain
are exposed to strong local vortexes. Deflation niches and
outcrops appear as a result (Fig. 9). Figure 10 demonstrates
a typical view of an outcrop. Its altitude is 1.3-1.7 m and
the length is 30 m. The outcrop shows three sediment lay-
ers. The upper homogeneous 0.5-0.6 m layer is composed
of accumulated aleurite. The middle heterogeneous layer is
composed of sandy aleurite with pebbles. They have former
landslide debris that covered the lower sandy aleurite layer.
The latter layer represents a cover generated by physical
gelation weathering. The sophisticated sediment structure
and shapes of landforms are the imprints of the activity of
aeolian and erosion epigenetic processes in surfaces with a
slope angle 7-10°.

Deflation niches are widespread on both slopes of
the glaciofluvial valley. Their size ranges from 10-12 to

Fig. 8. Deflation pavement
8 pav. Defliacinis grindinys
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Fig. 9. Deflation outcrop
9 pav. Defliaciné atodanga

50-60 m>* The niches border on low (1-2 m in height) relief
scarps. The blown out slopes of the scarps show outcrops of
a weathered debris cover mixed with material reworked by
solifluction.

Diatom investigations. Diatoms were examined in
25 peat samples. A rich diatom complex, in total 102 taxa
belonging to 24 genera, was recorded. Three diatom zones
were distinguished according to diatom flora development
throughout the section (Fig. 11).

In the lowermost part of the section (64-90 cm), the ge-
nus Eunotia species (E. implicata, E. praerupta, E. bilunaris)
comprised a large part of the total diatom flora. Eunotia is a
strong indicator of acid, fresh, oligotrophic water, rich in oxy-
gen and poor in organic nitrogen compounds. Many Eunotia
species are able to live at places which are not permanently
submerged. Such epiphytic species as Tabellaria fenestrata,
Gomphonema parvulum, Gomphonema accuminatum and
typically nordic Achnanthes minutissima are abundant in
this zone as well. Here, the highest variety in diatom species
through the section is registerd.

The next diatom zone could be distinguished at a depth of
34-64 cm. The Eunotia species decreased markedly and are
dominated by Eunotia praerupta which thrives from circum-
neutral to slightly acidic, humic, shallow water with a high
dissolved organic carbon (Pienitz, Smol, 1993). The genus
Pinnularia species, indicative of acid and oligotrophic fresh-
water, appear and the species P. viridis and P. aestuari prevail
among them. The species Caloneis tenuis has a wide distribu-
tion as well.

The uppermost part of the section (5-34 cm) is domi-
nated by Pinnularia species (P. viridis, P. borealis, P. aestu-
ari, P. brevicostata), and the species P. borealis is dominant

among them, reaching up to 60%. This is an aerophilous spe-
cies occurring commonly in subaerial environments, often
living exposed to air and not totally submerged under wa-
ter. One more aerophilous species, Hantzcshia amphioxys, is
also common (up to 10%) in this zone. A great variety of the
Navicula species is registered as well (N. semen, N. pussila,
N. Navicula placentula £. rostrata).

Some presence of planktonic species such as Cyclotella
radiosa, Cyclotella ocellata, Thalassiosira excentrica is regis-
tered in the lowermost part of the section, indicating a higher
water level.
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Fig. 10. Typical scheme of a deflation outcrop: 7 —silt, 2 — pebbles, gravel, sand
and silt, 3 — silty sand

10 pav. Defliaciné atodanga: 7 — aleuritas, 2 — gargZdas, Zvirgzdas, smélis ir
aleuritas, 3 — aleuritingas smélis
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Fig. 11. Diatom diagram of the sediment section studied

11 pav. Tirto nuosédy pjavio diatoméjy diagrama

CONCLUSIONS

The investigation has shown
that cryogenic processes
modifying the sediment
layers and transforming
the generated landforms
are most intensive in the
terminal zone of the recess-
ing glacier. The sediment
horizons of the terminal
zone of the recessing glacier
could be explored only in a
few natural outcrops. Due
to permafrost, only shallow
trenches and holes could
be dug for analysis of sedi-
ment transformation. They
included only the layer of
powdery sediments and
could be hardly applied for
interpretation of sediment
transformations.

Structural analysis of
periglacial sediments in
slopes showed that subdued
evaporation and shallow
permafrost were favourable
conditions for cryoturba-
tions. Typical polygonal
surfaces develop in relief
declensions as a result of
shallow magmatic rocks,
permafrost and especially
subdued evaporation in
short warm seasons. Abrupt
freezing of the water accu-
mulated in peat generates
a network of irregular ice
wedge pentagons splitting
the peat into small seg-
ments. In warmer and more
arid summers, the peat layer
thinning and the whole po-
lygonal surface gets trans-
formed.

The most intensive aeo-
lian processes take place
in the valleys generated
by glaciofluvial flows. The
inequigranular sediments
deposited by ice thaw water
are blown out or reworked
by cold and arid winds.
Powdery material is blown



40 Algimantas Cesnulevicius, Vaida Seiriené

out during the process of wind erosion, whereas the coarser
material is transported by creeping or saltation. Sand ripple
marks and embryo dunes are widespread in glaciofluvial
valleys. Deflation processes, generating deflation pavements
composed of pebbles and boulders, take place in declensions
of the erosion relief. Deflation outcrops and niches sized up
to 10-60 m? form in the hill slopes.

The diatom complex observed in peat sediments de-
scribes history from a local, cold basin influenced by glacial
meltwater to a subsequent development toward oligotrophy
and a lower pH.

ACKNOWLEDGEMENTS

The authors are thankful to Prof. V. Baltriinas and Dr. B. Kar-
maza for the help in the fieldwork and valuable discussions.
We thank reviewers for helpful comments on the paper. The
research was supported by the Lithuanian State Science and
Studies Foundation (No C-07008 “Paleoklimatas”).

References

1. Battarbee R. W. 1986. Diatom analysis. In: B. E. Berglund
(ed.). Handbook of Holocene Palaeocology and Palaeohyd-
rology. Chichester: John Wiley & Sons. 527-570.

2. Grimm E. 1992. Tilia and Tilia—graph: pollen spread-
sheet and graphic programs. Programs and abstracts, 8th
International Palynological Congress. Aix-en-Provence,
September 6-12, 1992. 56 p.

3. HustedtF 1937-1939. Systematische und 6kologische Unter-
suchungen tiber die Diatomeen-flora von Java, Bali und Su-
matra nach dem Material der Deutschen limnologischen
Sunda-Expedition. Arch. Hydrobiol. Suppl. XV-XVI. 429 p.

4. Miller U, Florin M.-B. 1989. Diatom analysis. Introduction
to methods and applications. PACT. 24. 133-157.

5. Krammer K., Lange-Bertalot H. 1988. Bacillariophyceae.
2. Teil: Bacillariaceae, Epithemiaceae, Surirellaceae. In:
H. Ettl, . Gerloff, H. Heynig, D. Mollenhauer (Eds.). Siifs-
wasserflora von Mitteleuropa. 2/ 2. Stuttgart: Gustav Fischer
Verlag. 596 p.

6. Krammer K., Lange-Bertalot H. 1991a. Bacillariophyceae.
3. Teil: Centrales, Fragilariaceae, Eunotiaceae. In: H. Ett],
J. Gerloft, H. Heynig, D. Mollenhauer (Eds.). SiifSwasserflora
von Mitteleuropa. 2 / 3. Stuttgart: Gustav Fischer Verlag.
576 p.

7. Krammer K., Lange-Bertalot H. 1991b. Bacillariophyceae.
4. Teil: Achnanthaceae. Kritische Erganzungen zu Navicula
(Lineolate) und Gomphonema. In: H. Ettl, J. Gerloff,
H. Heynig, D. Mollenhauer (Eds.). Siifwasserflora von
Mitteleuropa. 2 / 4. Stuttgart: Gustav Fischer Verlag. 437 p.

8. Krammer K., Lange-Bertalot H. 1997. Bacillariophyceae.
1. Teil: Naviculaceae. In: H. Ettl, J. Gerloff, H. Heynig,
D. Mollenhauer (Eds.). Siifwasserflora von Mitteleuropa.
2/ 1. Stuttgart: Gustav Fischer Verlag. 876 p.

9. Russell A. J. 1989. A comparison of two recent jokulh-
laups from an ice-dammed lake, Sendre Stremfjord, West
Greenland. Journal of Glaciology. 35. 157-162.

10. Russell A. J. 1993. Obstacle marks produced by flows
around stranded ice blocks during a jokulhlaup in West
Greenland. Sedimentology. 40. 1091-1113.

11. Russell A.J.2007. Controls on the sedimentology of an ice-
contact jokulhlaup-dominated delta, Kangerlussuag, west
Greenland. Sedimentary Geology. 193(1-4). 131-148.

12. Shakesby R. A. 1985. Geomorphological effects of jokulh-
laups and ice-dammed lakes, Jotunheimen, Norway. Norsk
Geografiska Tiddskrift. 39. 1-16.

13. Van Dam H., Mertens A., Sinkeldam J. 1994. A coded
checklist and ecological indicator values of freshwater dia-
toms from the Netherlands. Journal of Aquatic Ecology. 28.
117-133.

Algimantas Cesnulevicius, Vaida Seiriené

RELJEFO FORMU IR NUOGULU TRANSFORMACIJOS
PERIGLACIALINEMIS SALYGOMIS (VAKARU
GRENLANDIJA)

Santrauka

Vakary Grenlandijoje atlikti tyrimai leido jvertinti kriogeniniy procesy
intensyvuma recesuojancio ledyno terminalinéje zonoje. Kriogeniniai
procesai smarkiai paveikia nuosédiniy uolieny storyme ir jau susida-
riusias reljefo formas. Dél daugiamecio j$alo nuoguly sluoksniy trans-
formacijas galima istirti tik negausiose nataraliose pavirsiaus atodan-
gose bei sekliuose kasiniuose.

Reljefo formy Slaituose, kur susikaupia pakankamai stora (1,5-2 m)
periglacialiniy nuoguly danga, negiliai esantis daugiametis jSalas, ma-
gminés uolienos bei silpnas garavimas sudaro palankias salygas krio-
turbaciniams procesams. Cia formuojasi tipiski poligonaliniai pavirsiai.
Durpingose nuogulose esancios drégmés ir vandens staigus uzsalimas
rudens pradZioje skatina ledo kyliy susidaryma, dél to susiformuoja ne-
taisyklingy penkiakampiy tinklas - poligonaliniai pavirsiai. Siltesnémis
ir sausesnémis vasaromis aptirpus ledo kyliams pakinta ir poligonali-
niai pavirsiai.

Intensyviausi eoliniai procesai vyksta fliuvioglacialinés kilmeés pa-
vir$iuose. Nei$rasiuotas istirpusias ledyno nuogulas ledo tirpsmo van-
deny tékmés vasarg gabena ir suklosto fliuvioglacialiniuose sléniuose.
Nuo ledyno puciantys stipras véjai perklosto ir i§rasiuoja nuogulas, su-
formuodami eolines reljefo formas: smélio ruzgas, embrionines kopas.
I$pustymo metu suformuojamos Zvirgzdo ir gargzdo dangos, dazniau-
siai paplitusios $laity papédése. Defliacinés atodangos ir niSos formuo-
jamos kalvy $laituose, o atskiry formy plotas siekia 10-60 m?2.

Rastos diatoméjos liudija, kad sedimentacija uzdaruose vandens
baseinuose vyko ragécioje $altoje oligotrofinéje aplinkoje.
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Anprumanrac Ysacnynasudioc, Baiiga llleitpene

TPAHC®OPMAIINA ®OPM PEJIBE®A U
OCAJOYHOTO MATEPMAJIA B IEPUTTTALIMATTbHBIX
YCIIOBUSAX (BAITATHASI TPEHJIAHVIA)

Pesome

VccnenoBaHust, poBefieHHbIE Ha 3amajie 0CTPoBa [peHTan/s, 103Bo-
JIWJIN OLIEHUTD MHTEHCUBHOCTh KPUOTEHHBIX [IPOL[ECCOB, IPOVCXOS-
IIMX B TEPMMHATIBHOI 30HE PeLlecCHpYIOLIero efHnka. Kpuorenuoie
HPOLIECCHI CHIBHO BIIMAIOT HA TOJIIILY OCaJ0YHOTO TMOKPOBA, & TAKXKe
u3MeHANT (HopMbI penbeda, CO3aHHbIE FPYTUMIU TeoMOopdoornye-
CKMMM TIporieccamu. VIccmenoBaHye KPUOTEHHBIX IIPOLECCOB OBIIO
OC/IOKHEHO IPYCYTCTBUEM MHOTO/ETHEN MEP3JIOTHI, BCIEACTBUE YEro
TpaHCHOPMALINIO OTIOXKEHNMIT MOXKHO OBIIO M3y4aTh JIMIIb Ha Majo-
YJCTIEHHBIX 0OHAXEHWAX U B HEIMyOOKUX rypdax.

Ha mogHOX WX n ckmoHax ¢popM penbeda, rjie HaKOMMICS JOCTa-
TOYHO TOJICTBII CJIO¥ PBIXTIBIX OT/IOXeHMIT (10 1, 5-2 M%), MHOTONIeTHSIs1
Mep37I0Ta M C/IOM MarMaTiyeckyx IOpOJ, a TAKXKe He3HAYMTETbHOe
JICIIapeHKe CO3MJAIT OMAarompuATHbIE YCIOBUA I KPUOTYpOAImiL.
3pech GpOPMUPYIOTCA TUIMYHBIE OMUIOHAIbHBIE IPYHTHL. Peskoe 3a-

Mep3aHue BOJbl M BIIATH, HAXOMALIENCS B TOPGUCTHIX OTIOXKEHIIX,
HPUBOAUT K GOPMUPOBAHMIO JIEASHBIX K/IMHBEB, BCIECTBIE Y€T0 00-
pasyercs ceTb ILATUKOHEYHBIX HOMMIOHOB. B Goree Temible u cyxue
JIETHVIe TIePVIOJibI JIefIsSIHble KIIVHbS TAIOT, OHOBPEMEHHO M3MEHSIs 1
[OBEPXHOCTb.

Han6ornee MHTeHCHBHbIE 0/I0BbIE POL[ECCHI IPOTEKAIOT B MeJI-
KO3epHICTHIX (DIIOBMOITIALMATIBHBIX OTIOKEHNsIX. B eTHee BpeMs
¢moBHOTIAIMATbHBIE TIOTOKY IPOMBIBAIOT HECOPTUPOBAHHBII JIEfI-
HMKOBBIIT MaTepuas i OTK/IabIBAIOT €0 Ha JHUINAX fo/nH. CHIbHbIE
BETPDI, AYIOLNe CO CTOPOHbBI JIEAHMKA, COPTUPYIOT M IEPEOTKIa-
IBIBAIOT MaTepuas, a TaKXe CO3JA0T 30/10Bble (OPMBI: ImecyaHble
BOJHBI 11 3MOpUOHHBIE FIOHBI. [leALNOHHbIe IPOLECChl CO3TAI0T
MHOTOYNC/IEHHbIE TPaBUITHO-Ta/IeYHble TTOKPOBBI, PACIPOCTPAHEH-
Hble Ha TOJHOXIISIX CK/IOHOB. Jle(rsronHble 00HAXEHVST M HIIIN
(bopMUPYIOTCA Ha CKIOHAX XOJIMOB, IIOLIA/IM OTAETbHBIX (OPM [0-
cturat 10-60 Mm%

B HOHHBIX OcafiKax OBIBIINMX 3aMKHYTBIX MEIKIX BOOEMOB IpH-
CYTCTBIE JUaTOMElT YKa3bIBaeT Ha TO, YTO CEMMEHTALSA IIPOVCXOANU-
J1a B XOJIOJIHOIT ONUTOTPOQIIecKoii cpefie.



