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6 A. Jahn
TABLE 1. Sites of slow mass movement measurements of the soill — results of questionnaire (1984)
- gy Duration of
Location Climatic zone Method Researcher
measurements
Canada temperate long-term inclinometer M.J. Bovis
British Columbia semi-arid stakes
USA temperate long-term deformation of G.M. Clark
Tennessee artificial structures
N. England temperate maritime| long-term young pit A. Young
Poland temperate, high long-term buried pegs A. Jahn
Sudetes mountains
Luxembourg temperate maritime | long-term vertical velocity P.D. Jungerius
column
Belgium temperate maritime| long-term inclinometer A. Pissart
Ardennes J.L. Schepers
France temperate maritime| long-term extensiometer A.V. Auzet
Vosges
Romania temperate long-term young pit N. Bacaintan
E. Carpathians
Rwanda savanna long-term young pit J. Moeyersons
Central Africa
Zaire tropical long-term T-shape plates J. Soyer
pegs, plastic rings
Japan high mountain long-term plastic tubes Shuji Jvata
Mt. Shirouma
Japan temperate short-term trap method Yago Ono
Konto Plain
Japan temperate short-term inclinometer Hiromitsu
Usu Volcano Yamagishi
Japan temperate short-term geomorphological | Yukinari
Niigata mapping Fujita
SW Japan temperate long-term seismological Takashi
short-term electric methods Fujita

systematic - soil movement measurements in the literature. Data from
have been supplemented with published material available from earlier investigations (Tables
2-5). However, the data available are still insufficient for a satisfactory synthesis. The
precision of the investigations which makes it possible to detect not only seasonal but even
daily soil movements allows us to understand the mechanism of the process but not its
long-term, geomorphological effects. On the other hand, it is clear that long-term investiga-
tions lack precision for mechanism interpretation. They reveal the cumulative effects of the
process but offer no basis for a more accurate determination of its mechanism.’

the questionnaire

'The source and base of this elaboration are main materials completed by the Commission on Field
Experiments in Geomorphology, International Geographical Union, in 1980 — 1983. It is in that time that



Slow soil movement 7

2. CLASSIFICATION OF MASS MOVEMENT PROCESSES

Carson and Kirkby (1972) recognize three types of soil movement: heave, slide and flow of
the soil. A triangular diagram presents these processes in relation to one another (Fig. 1).
Seasonal soil creep as a slow movement (expansion and contraction of the soil) is chiefly
connected with the heaving of the soil. These authors do not regard the gravitational “fall” of
rock material as a mass movement.

Mudflow

y “Earthflow
/
[ Sol f.u['rrcn
i‘ Landslide \
dry J
_ Seasonal
Rockslide Talus creep 7soil cre
SLIDE & s HEAVE
e 7 -/

Fig. 1. Classification of mass movement processes — after Carson and Kirkby (1972)

An attempt could be made to present the position of soil creep in the form of a model with
its sides constituting a coordinate system which determines the type and dynamics of the
movement (Fig. 2). There are three main types of movement: (a) fall, (b) flow and slide and (c)
creep. Fall is a purely gravitational movement, dry, i.e. water does not participate in it,
directed at different angles to the slope surface. Flows and slides are movements in which
water has a share as a transporting agent, directed parallel to the surface of the ground. Creep
is a movement in which water may or may not participate, acting perpendicularly or parallel
to the slope. Fall may only be rapid and creep may only be slow. Flowing and sliding
movements may be of varying velocity, hence their directional connection with both rapid and
slow movement. In the diagram, “rapid mass movement” (RMM) and “slow mass movement”
(SMM) are distinguished as two areas which border upon each other in the place denoted as
flowing and sliding movement.

the Chairman of the Commission, Professor O. Slaymaker (University of British Columbia, Vancouver,
Canada) undertook the task to publish the paper what had been accepted not only by the author but also
by numerous groups of scholars in different countries, participating in collecting materials (cf.
Questionnaire). I do not know the reasons why this paper has not been printed in the announced
publishers of the Commission.
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TYPE OF MOV EMENT
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b - l
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Fig. 2. Classification of mass movements with regard to type and dynamics of the movement: RMM
— rapid mass movement, SMM — slow mass movement

Slow movement of the creep type may extend not only over the surface layers, e.g. the soil,
but it may also reach deep down into the weathering cover and the bedrock. Thus a shallow
and a deep type of creep may be distinguished, which corresponds more or less with what
Terzaghi called “seasonal” and “continuous (mass)” creep. The first type, being mainly due to
temperature and moisture variations (also to frost, hence “frostcreep”) is certainly a shallow
movement. The second type being caused by gravitational action (“rheological” creep) affects
deeper soil masses and rocks (Fig. 3). Shallow movements include slow seasonal creep and also
solifluction (gelifluction) when vertical creep (heave) turns into slide and flow. Deep

SHALLOW —> DEEP

' yor
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O p=» CREEP

v A
CONTINUOUS

(MASS)

Q -

~ ROCKSLIDE
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Fig. 3. Classification of mass movements with regard to velocity and depth of the movement
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Fig. 4. Classification of mass;movements, with regard to the material structure
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10 A. Jahn

the slope. Thus in temperate climatic conditions where the surface creep movement is 2—3 mm
year !, no great morphological importance should be attached to creep processes. (Caine
1979, agrees, though see Kirkby 1967, for a different interpretation). This process has
a different meaning in the periglacial zone where the maximum frost creep effect is 1 m in the
depth, with an annual rate of 4 cm, which gives a significant degradation of 1 m in one
thousand years (1000 Bubnovs).

The analysis of soil creep as a denudational agent indicates that its effects are more
dependent on the depth of movement than on its rate at the surface. The effects of the
movement are relatively greater on short slopes than on long ones. This contrasts with other
erosion processes in which the effects increase with slope length.

By defining the morphological significance of creep in this way, it becomes possible to
explain the known effects that this process has on the shaping of mountain divides and ridges,
as it was understood by Gotzinger (1907) and Gilbert (1909). For divides and ridges are the
only elements of relief where the carrying away of material over very short distances produces
visible morphological effects. It is on the divides only that the vertical component of
movement is of importance, producing the greatest effect in places from which the material is
carried away in two opposite directions. Owing to creep action therefore, the denudation
balance of divides is always positive, since the removal of the material progresses faster than
weathering (Jahn 1968). A noticeable effect is the subsoil rock uncovered on the divide when
the slopes are covered with detritus.

4. SLOW SOIL MOVEMENT IN DIFFERENT CLIMATIC ZONES

As in all geomorphological processes the principal question about slow soil movements is
to what degree they are dependent on local factors and to what degree on global ones. There is
general agreement that slope inclination is of particular importance among local factors, hence
slow soil movements are considered to be linked with the sine of the slope angle. Washburn
(1967) having discovered on Greenland an immense difference between the mean solifluction
movement in dry places (0.9 cm year™') and that in moist ones (3.7 cm year™ ') found soil

Fig. 6. Research sites and measurement points of slow mass movement of the soil in latitudinal (full points)
and altitudinal (empty points) arrangement on the globe, according to climatic zones — cold, temperate
and warm (isotherms of :annual mean temperature)



TABLE 2.

Slow mass movement of the soil in the polar (periglacial) zone

. Movement

Location Method Years Ah::lde :ilogrl,: Surface cover depth rate volumetric Source

cm mm/yr cm?/cm/yr
Banks tinfoil 3 130 2—4° tundra 50 20 50 French (1974)
Island markers
Schefferville Quebec | plastic 5 550 6—8° scare vegetation 70 100 175 Williams P.J.
Labrador tubes (1966)
Mesters Vig, NE targets 5 50—250 10—14° tundra, bare 100 9-37 45—185 Washburn
Greenland slope (1967)
Smith pegs 2 120 21° bare slope 25 50 87 Smith (1960)
Georgia
Spitsbergen pegs 2 30 7° tundra, bare 40 40 80 Jahn (1961)
slope

Anadyrskiy linear 1 tundra, soli- 100 22 110 Zhigarev
Kray Siberia motion fluction (1960)

transducer




TABLE 3. Slow mass movement of the soil in the alpine zone

! Movement
Location Method Years Alt::’de :Logll): Surface cover depth rate volumetric Source
cm mm/yr cm?/cm/yr

Garibaldi tubes, strings, 10 1600 — 1900 10—15° |bare slope 10 250 125 Mackay,

Park, B.C. sand column sorted stripes Mathews

Canada (1974)

Ruby Range plastic 2-5 1675—1980 | 14—18° [tundra 47 19 44.6 Price (1973)

Yukon Territory  [tubes

Canada

Front pegs 5 3500—3700 6—17°  |turf (turf banked 50 30 75 Benedict

Range, terraces) (1970)

Colorado, USA

Karkevagge pegs 13 700— 1000 15° tundra vegeta- 25 20 25 Rapp (1960);

Sweden tion Rapp, Strom-
quist (1979)

Karkevagge pegs 8 700 — 1000 30° bare slope 20 10 10 Rapp (1960)

Sweden




cont. Table 3

Norra Storja, pegs 7 1300 10—15° |bare slope 50 5 12.5 Rudberg
Lappland Sweden (1964)
Norra Storja, pegs 7 600 —900 10—15° |tundra vegeta- 50 18 45 Rudberg
Lappland Sweden tion (1964)
Karkonosze pegs 17 1200 8—39° |alpine meadow 20 15 20 Jahn (1981)
Sudetes Poland

Snieznik plastic 6 1400 13—24° |alpine meadow 10 S 10 Jahn (1981)
Sudetes Poland tubes

Canary pegs 1.5 2140-2370 10—12° |bare slope 7 125 62.5 Hollermann
Islands (1979)
Munt pegs 1 2400 3—10° |grass land 30 40 30 Furrer (1972)
Chavagi Alps

Switzerland

Carinthia pegs 6 1900—2100 | 27—41° |alpine meadow 50-75 124 19 Stocker

E Alps Austria (1979) -




TABLE 4. Slow mass movement of the soil in the temperate zone

- Movement
Location Method Years Altg]ude 2:?;;: Surface cover depth rate volumetric Source
cm mm/yr cm?/cm/yr
South young pits 12 350 25° grass land 60 1 0.61 A. Young
Pennines, England (1978)
S.W. young pits 2 300—500 13° grass land 20 2 2.1 Kirkby
Scotland t-shaped sheep grazing (1967)
pegs
Wales young pits 3 250—600 26° grass land sheep 30 2.1 2.7 Slaymaker
grazing (1972)
North different 1.5 367—487 11° grass land 50 1.3 1.6 Anderson
Pennines England |methods and Cox
(1978)
Baltimore different 3 17° 25 4 2.5 Carson and
Maryland, USA methods Kirkby

(1972)




cont. Table 4

Kletno plastic 5 600 15—24° |grass land 10 10 25 Jahn (1979)

Sudetes Poland tubes pasture

Taunus plastic 5 260 —800 4-23° |forest 15 4 20 Gaobel (1977)

Germany tubes

Belgium pegs with 1.5 100 27° 15 1-5 1.1 Schepers

Liege nylon thread (1977)

Vosges extensio- 2 750 —940 17—22° |grass land 15 10 1.5 Auzet (1982)

France meter forest

Carpathians young pits 4 600— 625 8—17° |grass land 32—45 4 0.64 Bacaintan
pasture (1983)

Kazan young pits 3—4 200—300 22° grass land 75 2 7.26 Dedkov and

Solviet Union Duglav

(1967)

Central buried 3.5 7—33° |grass land 75 7.1 28 Selby (1974)

North Island cones pasture

New Zealand

Chilton plastic 11 32 Owens (1969)

Vailey tubes

New Zealand




TABLE 5. Slow mass movement of the soil in the warm zone

' Movement
Location Method Years Alt;t.lude ::]ogl?: Surface cover depth rate volumetric Source
cm mm/yr cm3/cm/yr

Western different 3 1500 — 1800 15—18° |sparce vege- 5 6—12 25 Schumm
Colorado, USA markers tation (1964)
Santa Fe pins 45° bare slope 5 49 Leopold et
N. Mexico, USA al. (1964)
Puerto Rico young pits 2-3 260— 740 17—19° |forest 50 4 10 Lewis (1974)
S. Rwanda young pits 1-5 1800 0—35° |savanna 100 10 50 Moeyersons
Africa vegetation (1981)
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22 A. Jahn

8. RESULTS

Slow mass movement is a form of transporting slope material. It can be classified
according to: the dynamics of the process, the structure of the movement (particles, layers) and
the relation to the morphological surface (shallow or deep movement). Seasonal creep is first
of all a function of climate whereas continuous or rheological creep is a function of geological
structure.

The mechanism of slow mass movement is studied experimentally by means of precise
instruments with only a small measurement error. Such investigations can be carried out
effectively in short-term measurement series (hourly, daily, monthly observations).

The morphological meaning of slow mass movement can be evaluated in long-term
measurements (seasons, years) and by using methods that do not disturb the natural
equilibrium of the soil. It is only after a measurement period of at least 5 years that we can
speak of any morphological effects. Slow mass movement is of morphological significance only
in the upper parts of slopes. The morphological effects of slow mass movement seem to be
inversely proportional to the lengths of the slopes, which makes this factor differ from the
erosive action of water, i.e. slope wash and gullying.

Being the most important form of slow soil movements, seasonal creep is a pulsating
movement dependent above all on soil temperature and humidity. This is why this process can
be viewed from the standpoint of climatic-geomorphological regional divisions of the earth,
provided that a sufficient number of data have been collected by a uniform measurement
method eliminating local influences. The existing data has revealed differences in the
functioning of this process in the latitudinal and altitudinal zonations (Table 6). These figures
should be regarded as values which have not yet been sufficiently tested, but which should be
a stimulus for further geomorphological field experiments.

TABLE 6. Summary rates of movement by slow mass
movement in climatic zones

’ Rate Volumetric
Location -1 I eS|
mm yr cm’cm™! yr
High latitude zone 425 102.8
High altitude zone 17.4 29.1
Temperate zone 2.6 31
Arid (semi-arid) 1-2 () ?
Tropical zone 7.0 19.2
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B. Map of the Checras drainage basin:

9

Fig. 1. Major elements of research area: A. Situation sketch

3 — area situated above 4000 m (puna),

4 — area exceeding 5000 m (janca), 5 — site with older travertine (Checras junction), 6 — site with

1 — Cayash drainage basin, 2 — area located below 4000 m,

7 — high mountain lakes. C. Geological sketch: S — bedded sedimentary

rocks of Cretaceous age, V — volcanic rocks of the same age

younger travertine (Churin),

western and

-eastern parts of the drainage basin (Fig. 1). The relief of the Peruvian Andes was

quarzite beds are the hardest. There are also volcanic rocks in the south

north

developed in the Tertiary and Quaternary periods in conditions of changing climate and

tectonic activity (Dollfus 1965; Megard 1978).

http://rcin.org.pl
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PUNA SYSTEM

The Miocene surface of planation called “the puna level” is the main feature of the high
parts of the Andes. It was uplifted and deformed during Pliocene and Quaternary by tectonic
movements (Megard 1978). In the Checras basin the puna level is wide-spread at the altitude
of 4400-4800 m. More than 50% of the area is situated above 4400 m, but only ca 3% above
5000 m (Fig. 2). It is the reason why nival vertical belt occupies a rather limited space. Only
a few ridges elevating more than S000m — Yaruhuayno, Parahuayna, San Camilo, Perurayoc,
Chururuyo and Cordillera Callejon — are covered with small ice caps (Fig. 1). There are
common traces of glacial transformation. The lowermost features of glacial erosion and

m as.l

JANCA

Fig. 2. Vertical alteration of geomorphological systems in the Checras basin: H — relative hypsographic

curve, L — relative long-profile of the Rio Checras, SL — present-day snowline, C — lower limit of glacial

cirques, CN — lower limit of cryogenic features, G — lowermost limit of Pleistocene glaciations, NA

L — non-active landslides, AL — active landslides, A — distribution of catchment area in relation to
altitude as.l

deposition were found at the height of ca 4000 m. This is the same height as observed by
Dollfus (1965) in the Central Peruvian Andes, east of Lima. The lowermost position of glacial
cirques was read from topographical maps and aerial photographs. It ranges from 4500 to
4700 m. The mean altitude is close to 4500 m but there is a difference between the SW and NE
faced slopes, 4500 and 4625 m respectively. The above mentioned data confirm Wright’s (1983)
observations and support his conclusion about the ca 300 m Pleistocene lowering of the
snowline in the Western Cordillera. About 42% of the Checras catchment basin lies above
4500 m and moreover 35% lies above 4600 m a.s.l. In the headwaters of the Cayash valley
there are systems of 4-6 recessional morain ridges. They are very well-preserved and
comparable with the morains in the Junin Plain related to the Late Glacial and Holocene
deglaciation phases (Wright 1983). Thus the puna level conditioned an extensive Pleistocene



28 L. Kaszowski

glaciation of most part of the Checras basin (Fig. 1). Wide spread ice covers, especially at the
phase of deglaciation, controlled the hydrological and geomorphic processes in the lower belts.
The large quantity of meltwaters was an important agent of the slope evolution there. Within
the puna belt, covers of different origin — gravitational, glacial, glaciofluvial, fluvial, limnic,
organic — serve as important reservoirs supplying water to the lower located suni and
quechua zones.

Despite glacially affected topography, the puna level is closely related to the geological
structures and the differentiated resistance of the sedimentary rocks. Thus the long profiles of
the glacial valleys are stepped. Between the numerous steps there are basins with lakes and
pit-bogs. The narrow and sharp ridges, 500—1000 m high, rise above the base. The peaks are
higher by 200—400 m the present snowline being at ca 4900 m. At the foot of the rock walls,
there are taluses and huge rock falls spread for from the wall base within the cirques and
valleys.

SLOPE SYSTEM

The puna level is dissected by main valleys 1000—2000 m deep. Their slopes are 2—-6 km
long and become more steep or even vertical near the valley bottoms. They are built of
different covers, but colluvial ones are especially common. Their thickness becomes larger
downslope and values of 40—50 m are rather frequent. The most striking feature of the slopes
are the huge niches and stabilized colluvial tongues resulting from land sliding and flowing
processes of very high intensity (Fig. 2—3). There are a lot of natural irregularities within the
tongues adapted for use as agricultural plots. They have existed since the Inca times
(Krzanowska, Krzanowski 1987). Pre-columbian villages are located on the ridges limiting the
niches and colluvial tongues. Everywhere solid rocks are the village basement. Landslides of
1-3 km long and 100500 m wide which were mentioned above belong to several generations.
The oldest ones are stabilized and the colluvial covers are cemented. Old cemented sediments
are very common in the Central Andes (Dollfus 1965). They are situated in the belts below
4000 m. Their lower sections, as for example in the Cayash valley, are undercut by the stream

3
| TN ¢ 0N
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0 1 2 3 kn

Fig. 3. Landslide in the Cayash valley: NA — zone of non-active landslide, A — zone of active landslide,
c colluvial covers, s spring, b — bedrock
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(Fig. 3). Erosional impulse wanders upslope. At the 2150-3000 m belt old landslides are
rejuvenated. Near the Checras junction a lacustrine series ca 200 m thick is deposited on the
colluvial material. This confirms that huge landslides dammed the valleys in the past. There
are also quite young and active landslides like that in the Qebrada Yanaraccra. A number of
landslides damming the valleys in historical times was observed in various sectors of Rio
Checras (below Picoy, above Huancahuasi), or in Qebrada Pucayaca near Churin (Fig. 1). It
seems, that mass movements were the most important processes transforming the slopes
during the whole Quaternary period but their intensity was not the same just as climate
changes occurred. Another striking feature of the slope system is that there are shallow and
wide dry valleys produced mainly by solifluction. In the middle and lower sections they are
intersected by gullies and V-shaped valleys. The exposures along the road from Churin to
Huacho and from Huacho to Curay within the Cayash drainage basin, provide a lot of
information on slope covers and fossil valleys (Fig. 4). The are at least 2—3 fossil valleys filled
with a number of covers of different origin. Amongst them — clayey-silty covers with single
rocks and debris inclusions and debris covers produced by violent flows. Alternate coarse and

Fig. 4. Examples of slope cross-sections between Churin, Huacho and Curay: A, B, C — examples of fossil
slope valleys with generations of debris covers, D — example of bedded slope sediments above Churin and
their situation side by side to landslide deposits, E — sketch explaining origin of layered sediments

finer sediments evidence the changing conditions of erosion and deposition. In general, the
layered and non-layered slope sediments are located side by side and they form the
complicated pattern of the slope system. Within the fossil valleys it is possible to determine
1-3 covers produced by solifluction and the same number of debris flow fills. But above
Churin, was found a 5 m high exposure of layered deposits. They were composed of 18 beds of
fine and coarse material alternatively (Fig. 4D). A general conclusion that can be drawn is that
slope sediments were produced by more cold and wet (solifluction, landslides) or warm and
dry (mud- or debris flows — huaycos, wash) conditions related to a periglacial or arid
environment respectively.
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2200m

Fig. 5. Terrace systems in the Huaura-Checras valleys. Cross-sections: A — above the Huaura junction,

B — in Churin, C — synthetic, I, II, IIl — number of levels, 1 — landslidecover, 2-5 colluvial covers of

different age, 6 — layered slope covers, 7 — lacustrine sediments, 8—11 river sediments of different age,
12 — travertine

http://rcin.org.pl
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1 — rock surfaces, 2 — main fault lines (from Geological Map..., 1987), 3 — kame terraces, 4 — ancient
shoreline, denoting southern border of high-glacial Qaidam Lake (from Halimov and Fezer. 1986)
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terracss of considerable size, was encountered by the author at the northern foot of the East
Kunlin Mts. in 1989*. Inasmuch as kame terraces are indicative of stagnant ice and to date no
such fzatures have been reported from Tibet or its surroundings, it appears to be interesting
to present them in more detail and to discuss their implications for the nature and course of
glaciation of the Central-Asian region investigated.

LOCATION AND PHYSIOGRAPHY OF THE STUDY AREA

Tte study area is located at the foot of the Burhan Budai Mts. (Fig. 1), being the outermost
northeastern range of the East Kunlun mountain system which has in its main ridges
elevations of over 6000 m as.l. (the highest summit reaches 6224 m as.l). A characteristic
featur: of these mountains, as similary the West Kunlun Mts. (Sobolevski 1919; Zhang et al.
1989), is the steepness of their northern side, unlike the southern side, adjacent to the vast
Tibet Plateau, which is relatively flat and wide. Therefore, characteristic glacier types on the
northern side are valley and dendritic glaciers, whereas on the southern side, the glaciers tend
to develop as ice caps and outlet valley glaciers spreading out on the adjacent plateau.

Photo 1. General view on the lateral branch of the Burhan Budai Mts., as seen from the south toward the
Qaidam Basin. In the first plan — kame terraces reshaped by wind-blown processes, on the opposite side
of the mountain branch, an irregular patch of eolized glaciofluvial sands, is visible

*During the summer season of 1989, the author had the possibility of participating in the Chinese
expedition leading from Lanzhou to Lhasa, for which his sincere thanks are extended to Professor Xie
Zichu, the head of the Lanzhou Institute of Glaciology and Geocryology, Academia Sinica.
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the glacier. Where a concentration of debris occurred, as for example, along the former ice
gullies or in the ice crevasses, there was a tendency for thick localized debris accumulations at
the lateral glacier margin. It is likely that such an enhanced debris supply had accompanied
the formation of the kame terraces, particularly at the end of the formation of the middle
terrace, producing an exceptionally thick “armoured” slope. Also, for this reason and for the
lack of dead ice blocks buried by kame sediments, the kame terraces did not experience the
deformations caused by the collapsing of the sediments after the disappearance of the ice that
had supported them. Therefore, they have preserved their original constructional forms up to
the present, despite the destructive high erosional energy, which characterizes the tectonically
active desert environment in which they occur.

STAGNANT ICE

/////

////,

Fig. 2. Diagram showing successive stages of the formation of kame terraces
1 — rockslope, 2 — angular supraglacial debris, 3 — glaciofluvial sediments, 4 — successive stages of the
formation of kame terraces

The stepped pattern of the kame terraces is believed to denote successive stages in the
process of the thinning and undercutting of the last glacier, as illustrated in Fig. 2. This
explanation implies the successive lowering of the water level in the ice-lateral stream or
temporary lake and the concurrent increase of the terrace width as the supporting glacier is
melting. These processes proceeded also in the neighbouring foothill area of the Burhan Budai
Mts., occupied by a glacier abutting on the opposite side of the mountain ridge and divided
further downglacier by a low col from the Golmud piedmont glacier. Between these glaciers,
probably in a later stage of deglaciation, there existed an interrelated meltwater system which
affected the rate of ice melting and, in consequence, the distribution and formation of
ice-contact features.
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44 K. Klimek

Fig. 1. Location map of the central part of Balkan Mts.: 1 — main mountain ridges, 2 — fragments of
Miocene planation surface, 3 — main rivers, 4 — heights, 5 — cross-profiles (cf. Fig. 2)
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Fig. 2. Cross-profiles of the central part of the Balcan Mts. (Stara Planina)
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Fig. 3. Cross-profile of the northern slope of Balkan Mts. (in the neighbourhood of Veshen massif):

1 — Tertiary regoliths, 2 — rocky slope, 3 — block slope, 4 — debris-solifluction lobes, S — nival niches,

6 — avalanche levee, 7 — deciduous forest upper timberline, 8 — coniferous slope upper timberline,
9 — juniper scrubs, +2°C annual isotherm position

(mean temperature up to 9°C). Annual precipitation ranges between 1200-1300 mm.
Vegetation cover on northern slopes of the Balkan corresponds to a climatic vertical zonality
(Michalik 1987). Latifolious forests, mainly beech predominante up to the height of 1600 m
as.l. Above, (Fig. 3) there is a zone of the coniferous forests of subarctic type with Pinus peuce
and Picea excelsa, however, its upper limit has been lowered artificially to 1800 m a.s.l. as the
result of grazing pressure (Filipovitch 1988). Subalpine plant communities dominated by
secondary juniper (Juniperetum sibirici) reach up to 2100 m a.s.l. with the highest summits
(Veshen, Levski, Botev) covered with grassland of Festuca Agrostis, Carex, Vaccinium type.
According to Gylybov (1966) above 2300 m as.l. a cryonival zone occurs, however, this
includes only parts of the Botev massif (2376 m as.l.).

PLEISTOCENE AND HOLOCENE BACKGROUND

Global climatic cooling during the Pleistocene caused a lowering of climatic zones, and as
a result, the higher part of the Balkan experienced a periglacial climate in cold stages of the
Quaternary. Degradation of slopes resulted in a creation of a range of periglacial forms and
deposits. For example, on northern slopes above 1700 m a.s.l. formed of granite, vertical rock
faces are common, below which extensive block fields occur. There are also numerous inactive
debris-solifluction lobes, that generally are found on slopes with gradients below 25-30° and
occur down to 1400 m a.s.l. Relict periglacial forms and deposits suggest that the lower limit of
the cryonival zone during Pleistocene was at least 900 m lower than at present. This also
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traversing slopes of gradients exceeding 15° (Fig. 5). Head walls of landslide niches or larger
slumps provide wind-breaks for sheep whose trampling destroys plant cover. As a result the
bottom of the niche is subjected to erosion by rain or overland flow from the upper sections of
the slope. Eroded material is deposited in the form of a small alluvial fan directly below the
niche. Sections in the head wall of the niche (Fig. 5) reveal similar alluvial deposits and
demonstrate the importance of surface erosion in recent times.
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Fig. 4. Cross-section of a snow-debris avalanche gully on the northern slope of Veshen massif:
1 — bedrock, 2 — debris cover, 3 — snow-debris avalanche block

Debris-loamy deposits (0.5-1.5 m thick) occur on slopes with a gradient of 20-25°, usually
on the gneiss or shist substratum. Here, sheep trampling results in the removal of grass, soil
and roots, and the formation of shallow depressions. With further overgrazing these
depressions develop into semicircular niches, 5-8 m long, which tend to enlarge upslope (Fig.
6), and capture adjacent niches. As a result of this process, grass ridges separating niches
become isolated “monadnocks” (Fig. 6). Removal of fine material from the floor of the niche
creates pavement or armour of coarse debris which restricts further degradation. Water
draining system of niches is able to erode loamy-debris slope deposits and to form gullies up to
3 m deep.

In areas underlain by shales, on slopes with gradients exceeding 30°C, soil slides are
particularly common. They frequently result in the exposure of the weathered regolith or
bedrock in belts 20-40 m wide and 60-80 m long.

Processes of slope degradation caused by the overgrazing typically exhibit various stages
of development. Some areas are characterized by fresh relief forms, others by more subdued
forms which are progressively colonized by vegetation, confirming observations of Jahn (1979)
in the Tatra Mts. that degradation of slopes can be effectively reduced by plant succession
after grazing has ended.
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Fig. 5. Slope degradation caused by small landslides at the edge of sheep-path: 1 — alluvial debris,
2 — soil horizon, 3 — slope debris cover
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Fig. 6. Mode of slope degradation by sheep niches: 1 — soil cover, 2 — slope debris cover, 3 — bedrock
(gneiss), a—b — stage of degradation

RESULTS AND CONCLUSIONS

Historic deforestation in the higher parts of the Balkan Mts. has resulted in significant
slope degradation during the last few centuries. Anthropogenic factors, in particular

overgrazing, appear to have been most important, although natural processes have accelerated
slope erosion.
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Fig. 1. Geological structure of the study area
I — Location of the study area in Poland; Il — Location of the study area in the Tatra Mts.: P.Ch.
— Chochotowski Stream; meteorological stations: 1 — forester’s lodge (1028 m as.l), 2 — Polana
Chochotowska (1147 m asl), 3 — Hala Ornak (1110 m as.l), 4 — Kasprowy Wierch (1991 m a.s.l),
S — water gauge in Siwa Polana; III — Study area: crystalline core: 1 — granitoids, 2 — gneisses,
3 — mylonites; high tatric nappes: 4 — quartzitic sand-stones, S — limestones, dolomites, shales;
6 — sub-tatric nappes series (mainly limestones, dolomites, shales and marls), 7 — conglomerates, eocene
limestones, 8 — moraine and glaciofluvial covers, 9 — glaciofluvial and fluvial covers
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Starorobocianski Stream was 0.25 m3s~!. The discharge of the Chocholowski Stream was
0.40 m®s ™! in the upper reach and 1.27 m3s~! at the Tatras border. The maximum discharges
of the Chochotowski Stream at that time were 2.8 m3s ™! in the upper reach and 8.4 m3s~! at
the Tatras border. The maximum runoff in The Western Tatras takes place in May and
therefore the regime of streams in that area is called temperate nival regime.

6. BEDLOAD TRANSPORTATION

In the channel system of the Starorobocianski and Chocholowski streams bedload
transport occurs rarely, 1-8 times per year at average in the lower section of the
Chochotowski Stream and only 1-4 times per year on average in its upper reach as well as in
Starorobocianski Stream. The entire fluvial system in the drainage basin of Chochotowski
Stream is remodelled very rarely, avery 2.5-5 years.
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Fig. 3. Maximum transportation distance of painted material in longitudinal profile in debris flows
troughs in Starorobocianski Cirque and in channels of Starorobocianski and Chochotowski streams
during floods of various sizes
1 — 23 May 1987,2 — 2 Jun. 1986, 3 — 8 Aug. 1985,4 — 17-18 May 1985, 5 — 27 Sep. 1987; A — debris
flows troughs, B — stream channels; SS — slope system, CFS — fluvial system of cirque, TFS — fluvial
system of glacial trough, FSNGV — fluvial system of never glaciarized valley

In the fluvial system of the Starorobocianski and Chochotowski streams the route of
stream load transportation increases unevenly downstream (Fig. 3). In the channels of glacial
cirques the distance over which the bedload is transported is particularly short — up to ca
1 m. Due to the presence of boulders and blocks as well as of numerous kettles and steps
transportation of bedload the channels of glacial troughs is hindered and can occur over
a short distance up to a few metres; in dry years to several metres, in moist years at average
(Fig. 3). The mass transport does not occur, in those channels even during catastrophic floods.
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Transportation in slope chutes accompanied by debris flows takes place rarely, every
4 years, but over long distances (Fig. 3). In the study period, that transportation was founded
to reach 133 m. Mean transfer of the material in debris flow troughs was 3 times larger than in
stream channels of glacial troughs.

In that section of the valley which had not been glaciarized in Pleistocene (from the site
88), transportation in Chochotowski Stream increases rapidly to the region of the Polana
Huciska glade (water gauge H) to several metres on average during floods (Fig. 3). In the lower
section, up to the Tatras border the increase of bedload transportation distance is small or it
does not occur at all. The presented regularity has been repeated during floods of various
magnitudes (Fig. 3).

In the studied fluvial system bedload is subjected to multiple transportation and

deposition before it becomes transfered to the Tatras foreland. Provided the most favourable
conditions appear, the material delivered to the channel in the Starorobocianski cirque can be
transfered out of the Tatras after 3—4 thousand years.
Transportation model. Despite large differentiation in bedload transportation in longitudinal
profiles of the stream channels of the Western Tatras, certain regularities are noticeable. They
are presented in Fig. 4. Each curve represents combined results from some or several sites.
Therefore, one curve shows maximum transfer of bedload in a given channel type during one
flood.
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Fig. 4. Curves of maximum distance of bedload transportation in channels of Chochotowski Stream and
its tributaries during floods of various sizes
A — flood of 23 May 1987, B — flood of 27 Sep. 1987, 1 — Starorobocianski Stream, 2 — tributaries to
upper reach of Starorobocianski and Chochotowski streams, 3 — upper reach of Chocholowski Stream,
4 — Chochotowski Stream from forester’s lodge (L) down to Siwa Polana (S), 5 — middle-mountain
tributaries

In the stream channels in glacial troughs bedload was transfered over similar distances, up
to several metres during medium and large floods (Fig. 4A, curve 1). Only in the case of
Chochotowski Stream channel, in section with even out bottom, cobbles up to 20 cm could
have been transported over a slightly longer distance —, to 26 m (curve 3). In the channels of
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tributaries in glacial troughs, bedload of the size of 12 cm mainly was transfered over several
meters. So, in all types of channels in glacial valleys bedload is transported over similar short
distances (Fig. 4).

In the case of streams in valleys which were non-glaciarized in Pleistocene and which are
cut in glacio-fluvial covers, the distance of transportation of bedload was 4—6 times longer
than in the streams in glacial troughs.

In the channels of middle mountain area streams cut in mesozoic sedimentary rocks and
fluvial covers, bedload was always transported over the longest distances. During medium and
large floods it reached up 160 m. The transportation route in those channels was usually §-10
times larger than in the channels in glacial troughs. During small floods in channels of
medium-high mountain streams bedload was transported over 30 m whereas in the case of the
channel of Chocholowski Stream cut in glacio-fluvial covers bedload was transported over
30 m the same time and in the channels in glacial troughs transportation did not occur.

7. SUSPENDED LOAD TRANSPORTATION

Concentration of suspended material in channels of the streams in glacial valleys varies
during a year from 0.7 to 250 mg - dm~* (Fig. 5). In the lower reach of Chochotowski Stream,
in the channel cut in glacio-fluvial material, amplitudes of concentration were larger, i.e. from
1.2 to 965 mg - dm . Much larger values of suspended material concentration were recorded
in middle mountain streams — from 4.0 to 150 mg - dm~*. The maximum values even up to
2150 mg - dm~* were always recorded on roads.

The high mountain streams of the Western Tatras transport small amounts of suspended
material. During floods of various sizes concentration of suspended load increases always
downstream (Fig. 5). That material consists of at least 20-25% of organic matter.

c
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Fig. 5. Concentration of suspended load along Starorobocianski and Chochotowski streams during low
water stages (2), floods due to thawing (1, 3), medium floods induced by rains (4), large floods induced by
rains (5); StK, St, | L;4D,. H, S: — gauging sites — cf. Fig. 2
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Fig. 6. Concentration of dissolved load along Starorobocianski and Chochotowski streams during: low
water stages (3,4), floods due to thawing (5), large floods induced by raine (1,2).

Other explanations as in Fig. 2

Dissolved load transportation. Concentration of dissolved load is differentiated downstream
of Starorobocianski and Chochotowski Streams (Fig. 6). Downstream of Starorobocianski
Stream to the outlet (water gauge S) concentration decreased usually from 30-35 mg - dm ™!
to 25-32mg-dm~'. That is related to the relatively high concentration of salts in
groundwater filling the deposites occurring in glacial cirques. In the section of the
Chochotowski Stream located slighlty lower, salt concentration increases to the border of the
Tatras to the value of 58-114 mg - dm ™! (Fig. 6). Particularly large increase in concentration
is recorded in a spot where water from karst springs is discharged to the stream.

8. OUTPUT OF MATERIAL FROM CATCHMENTS OF VARIOUS SIZE

Output of dissolved, suspended and bedload material from crystalline catchments was
small: from 247-406 tons in the Starorobocianski Stream catchment (8.8 km?) to 8761181
tons in the upper part of Chocholowski Stream catchment (23.3 km? — to the water gauge
near forester’s lodge — L). Output to the foreland of the Western Tatras from the entire
catchment of Chochotowski Stream (34.8 km?) was from 2853 to 4206 tons of the material
annually. Load of material carried out to the Tatras foreland originates generally from the
middle mountain region built of mesozoic sedimentary rocks. On the whole the dissolved load
dominates over the suspended one and bedload (Table 1).

Material carried out from particular catchments cannot be related to the entire area of the
catchment. Only dissolved material can originate from the entire catchment area. I was able to
discover that clastic material (suspended solids and bedload) however, can originate from
maximum 3.8-14.5% of the catchment area.



TABLE 1. Percentage of bed load, suspended load and dissolved load in total annual load in various high-mountain regions

Catchment area

Bedload

Suspended load

Dissolved load

Region km? % % v Author

Alps — Mont Blanc massif

Bossons valley 10.5 29.0 70.0 1.0 J.K. Maizels (1978)
Rocky Mountains (Canada) K.M. Hammer

Hilda valley 22 54.0-57.1 39.9-445 1.5-3.0 N.D. Smith (1983)
Western Tatras

Starorobocianska valley (St) 8.8 0.1-04 6.5-15.5 79.8-93.4 K. Krzemien
Western Tatras

upper part of Chochotowska 233 0.1-04 8.0-14.8 84.8-91.8 K. Krzemien

valley (L)
Western Tatras

Chochotowska valley — 34.8 0.1-0.3 43-8.0 91.7-95.6 K. Krzemien

border of Tatras (S)

09
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9. DYNAMICS OF HIGH MOUNTAIN FLUVIAL SYSTEM OF THE WESTERN TATRAS

The high mountain fluvial system of the Western Tatras is characterized by a complex
internal structure. There is a weak transfer of the material between its subsystems. Therefore,
the entire fluvial system is reshaped only slightly. During the 12 years field studies the large
changes in the system were not detected. Application of various study methods made possible
to determine only a tendency in the development of the high mountain fluvial system of the
Western Tatras (Fig. 7).
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Fig. 7. Morphodynamic structure of channel system of Starorobocianski and Chochotowski streams

1 — slope covers, 2 — moraine covers, 3 — rock outcrops, 4 — glacio-fluvial covers, 5 — ridges of end

moraines and marginal-lateral moraines, 6 — water gauges, A — frequency of morphologically active

floods, B — average maximum distance of bedload transportation, C — output of bedload, D — delivery

of bedload from tributaries and bottom and banks of the main channel, E — erosion of bottom.
Other explanations as in Figs 2 and 3

The frequency of modelling of particular reaches is significant in the whole longitudinal
profiles of the channels of Starorobocianski and Chochotowski Stream. In 1976-1987
the lower section of Chochotowski Stream was modelled 58 times, as so many times
morphologically active floods took place. During those floods bedload was transported.
Middle reach was modelled 31-39 times while the upper section in the glacial cirque only
3 times. Three fundamental sections which differ with respect to the frequency and intensity of
their modelling (Fig. 7) can be distinguished in the longitudinal profile of the discussed fluvial
system. The lower section, extending from the Polana Huciska glade (H) to the Siwa Polana



TABLE 2. Percentage of bedload and suspended load in total annual clastic load in various high—mountain regions

Catchment area

Bedload

Suspended load

Region i Years % % Authors
Tsidjiore Nouve 480 1981 40.0 60.0 LR. Beecroft (1983) vide
Sitzerland L 1982 33.0 67.0 AM. Gurnell, M. Clark (1987)
Bandhusbreen 12.60 1979 56.0 44.0 O. Kjeldsen (1981)
Norway - 1980 420 58.0 O. Kjeldsen, G. Q@strem (1980)
Engabreen 50.0 1979 370 63.0 O. Kjeldsen (1981)
Norway ) 1980 36.0 64.0 0. Kjeldsen, G. @strem (1980)
Nigardsbreen 65.0 1979 430 57.0 O. Kjeldsen (1981)
Norway ’ 1980 30.0 70.0 O. Kjeldsen, G. @strem (1980)
Hilda valley 294 1977 59.0 41.0 K.M. Hammer, N.D. Smith
Canada . 1978 55.0 450 (1983)
Bossons valley
France 10.50 1971 30.0 70.0 JK. Maizels (1978)
Starorobocianska valley 8.78 1980 59 94.1 K. Krzemien

1983 24 97.6 K. Krzemien
Chocholowska valley 23.30 1980 5.9 94.1 K. Krzemien
upper part ' 1983 2.6 974

Chochotowska valley
Siwa Polana glade 34.78 1983 2.6 97.4 K. Krzemien
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80 A. Jahn

investigated by Lozinski, really classical periglacial areas of the Pleistocene? Or is this
a matter of priority — that is, of the historical rather than the cognitive moment? The same
applies to Spitsbergen which was explored earliest as a region of classical, actual periglacial
phenomena, Was it by accident that Hogbom’s, Meinardus’s and Nansen’s investigations on
frost as a factor of geological processes (Uber die geologische Bedeutung des Frostes, the
famous work by Hégbom of 1914) were carried out mainly on Spitsbergen and made this

[T 4 N
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Fig. 1. Svalbard Islands situated in the transitional climatic zone. Limit of annual Arctic sea-ice cover in

summer (1) and of floating pack ice in winter (2), Arctic (3) and Atlantic (4) sea currents. Direction of

climatic influence of Arctic (5) and Atlantic (6). Investigated areas with periglacial maritime (7) and
inland-continental (8) features
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Fig. 4. Displacement of pegs in five-year period (1979-1984) on Gulliksenfiellet gelifluction slope
(Hornsund region). Convex downslope curve of movement
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86 A. Jahn

Eocene shales originating from frost weathering on the slope (congelifraction — frost
shattering and splitting) and subsequent transport onto the coastal terrace (Photo 3). The
most striking surface features are the regular polygons of prevailingly pentagonal and
hexagonal shapes. The soil wedges of a width from a dozen or so to several dozens of
centimeters are on the borders of the polygons.

0 m

Fig. 5. Cross-section of polygonal net and adjoining soil wedges — on the alluvial fan in Van Mijen fiord,
Spitsbergen

The arrangement of the particles gives an exact indication of the direction taken by the
forces forming the soil structures (Fig. 5). No upturned structures produced by frost thrusting
were noticed anywhere. The soil wedges of this area constitute a passive element developed
from ice melting and not from frost heaving or thrusting. The regularity of the polygon
patterns as well as the depth of the soil wedges leave no doubt as to their frost origin. Soil
wedges are started by repeated frost cracking in the winter season. The cracks then trap debris
slipping from the polygon surface into the furrow or accumulate it directly by wind action.

These soil wedges resemble “sand wedges” of the Antarctica. Thery are identical with the
Siberian structures known as “ground wedges or veins.” Analysing those structures I have

& i #

. A - -

&

-

Photo 4. Overall view of slope wlfi‘t?*i‘hy;h_r_niqa]ly bedd%iI deposits in Van Mijen fiord
1T(P.//rCIN.C



Periglacial structures 87

Photo 5. Outcrop revealing details of rhythmically bedded deposits in Van Mijen fiord. Length of metal
stick — 120 cm (above ice-pick)

drawn the following inference: Structures of this type are known from areas of the periglacial
Pleistocene zone of Europe and have generally been interpreted as evidence of a climate closer
to that of Siberia than to that of Spitsbergen. The Van Mijen fiord wedges point to a possibly
different climatic interpretation of Pleistocene wedge structures.

Another phenomenon related to the continental climate of the Spitsbergen interior are
rhythmically bedded slope deposits of grezes litees type. They have also been found on the
above mentioned, strongly weathered, dark Eocene shales in the Van Mijen fiord. The slope
angle varies about 30° and the loose slope material slips down gravitationally (Photo 4 and 5).
The whole process of movement and slip sorting takes place within the thawing permafrost
layer, the depth of which being dependent on the slope inclination and amounting to
40-60 cm at the end of the summer (Jahn 1982). The smaller the inclination the thicker the
active permafrost layer. The layer is divided into two parts (Fig. 6). The lower part is moist

® e O g e ”® o 0 @ o °

o © &6 © o & > & O >

|
permafrost permafrost
R e 8l Lo e

Fig. 6. Diagram illustrating gravillalin;lal development of rhythmically bedded deposits
1

p:/lrcin.org.p



gt W\ ny h €

| ] % -
(e o N Sy ool e

R e e -“} S AN T
h‘

- s‘s.,.\.. - > e L;@mwuvﬁ fovd “
P L .7.‘-" e el . -d\h?v B,

G & b s S {aied - 9 sl B N S Y

SSRGS R S, T SRR & ST iy O 2 .
‘S Y et iy Yo Al iR T S TA ) N :
S * SISV e S I "
~ ,‘;, * LR B s vy e N - o4 Sl
3 ~al ....4-{1, DY G W - . 2%

- »% L4
i n\,. E Jr i AP g . R XM R A el Y
4

>
5 e =t 'wo' e R e B
N e O‘t" adh s T, i P A A A =~ vnd
v :\- . -1‘» . {\_‘ AL i - 0= o yaey e Al T .? " 1>

‘ K :

e A = andl o 48 ARG . PO 7 T Ll AL 4 & -

o RPE . |, NSO AT BT i SR T e TR < S ) e
.

i i, ® s = L i TN - b N Y "o"

4 P YEER SRR R e W _.-..-'Wm—v'-‘.'“

'1<~ Rl St - L N ,"‘ P [ ! - K . W Ty T

.:{‘ '7 N., “’Sl : i ;:._.'.'*4'. - .:'i&'y . &:ﬂJ
L Ry i A R




Photo 6. Thermal (frost) cracking of block at Isfiord Radio
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90 A. Jahn

Another feature frequently encountered is the thermal weathering (contraction) of stones
and blocks (Photo 6 and 7). These characteristic frost cracks in the form of three axes have
a strong resemblance to frost cracking of the ground (polygonal system of wedges). Chemical
and physical weathering phenomena like these, being regarded as indicators of the climate, are
worth mentioning if only because of identical characteristic found in the Pleistocene deposits
of Central Europe. J. Akerman (1980) considers cavernous weathering to be also typical of
Spitsbergen.

On Spitsbergen there is evidence everywhere of intensive wind action (abrasion). It can be
found in the maritime zone where winds are strong but the soil is protected by vegetation, as
well as in the continental part where the winds are weaker but the soil and rocks are well
exposed to their action. Thus there are deflation (stone) pavements as well as stones and rocks
faceted and polished by the wind, sometimes they are typical ventifacts (Photo 8). As is well

Photo 8. Block from deflation surface (deflation pavement) of Isfiord Radio area. A case of “surface facets”,
according to J. Akerman (1980)

known, it is not only sand but even more so snow and ice particles that have an abrasive effect.
With the ground being usually not covered with snow, the easterly and north-easterly winds
prevalent in winter produce deflation on loose rocks and the polishing of solid rocks.
However, the amount of ventifacts is not large and cannot be compared to what is found in
the Pleistocene periglacial desert of Central Europe.

A separate problem concerning Spitsbergen are the niveo-eolian deposits (Photo 9). They
are common everywhere in the area, both the mineral and the organic kind (Jahn 1961).
Material that has settled on the snow in winter or has been deposited together with snow has
a specific structure. The dust is blown out of the outwash plain, with dust-storms occurring
particularly in the time between the warm and the cold season. As yet a good, comparative
analysis is lacking of the contemporaneous, Spitsbergen and the fossil, Pleistocene niveoeolian
deposits of Europe.
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Periglacial structures 03
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Fig. 7. Periglacial zone during maximum range of last glaciation (Vistulian) in Europe. Maritime part
(MRT), continental part (CTN) and transitional part (T Z). Dotted stripe — frost debris zone

and forest were vanishing, especially in the continental part. This happened not only because
the parallel mountain barrier (Alps, Carpathians) was lacking, but also because of the strong
impact of the Atlantic ocean on one side and of the huge continent of Asia on the other. These
effects were weakened by the Black Sea and the then much larger Caspian Sea and reached the
Balkan Peninsula. This is why I call that climatic area, which is largely steppe, the
Balkan-Black Sea Province.

The periglacial, transitional zone denoted on the map by the letters TZ is a matter of
particular interest, especially the region of the present Vistula and Odra basin. This area is the
subject of an excellent study by K. Kaiser (1960) in which an attempt is made to reconstruct
the paleogeographic (climatic) conditions on the basis of detailed material. J. Dylik’s synthesis
(1956) concerns forms of degradation rather than soil structures. A reconstruction can thus be
made of the active permafrost layer by basing on the structures of fossil ice and frost wedges as
well as on frost segregation structures (Fig. 8, Photo 11). In the area of Poland the active
permafrost layer was changing from 1 m in the north to 3 m in the south in the Sudetes Mts.
forefield as well as in the east, in the Lublin Upland (Jahn 1977). The structures that have
survived to this day make it possible to draw some cautious inferences. These structures have
now taken on a modified form in comparison with their previous one, due to the general
permafrost degradation in the postglacial period and the melting of the ground ice. I do not
think it is at all possible to recognize in them the local effects of the periglacial environment, as



94 A. Jahn

Fig. 8. Methods of determining the lower limit of active layer (AL) on horizontal surfaces: 1 — sorted
structures (a), frost wedges (b), cryoturbate structures, involutions (c); 2 — fissures and deep wedges (a),
ice-frost and soil wedges where soil part is narrower (b) or wider (c), AL — active layer, P — permafrost

Photo 11. Asymmetrical ice wedge in loess, permitting the reconstruction of the summer thawing depth of
permafrost, Komarow, Lublin Upland

has been attempted in some regions of Germany or England. At present we have come to
realize that many of those apparent frost involutions are not to be regarded as cryoturbation
structures but as pseudofrost phenomena, as load casts. They have arisen in places where
unconsolidated sediments of different densities and specific gravities were contiguous to one
another, e.g. sand and silt. Under the influence of triggering impulses, such as tremors
(tixotropy) or rapid temperature changes there may occur perturbations in the static
equilibrium of the material and the development of involution structures which, however,
have nothing in common with frost structures. Nevertheless it should be remembered that it is
in the periglacial zone that triggering impulses take place both in flat areas and — even more
so — on slopes, and that these occurrences are facilitated by the lack of stable equilibrium in
the active permafrost layer. The impermeability of the permafrost surface is the reason why the
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Periglacial structures 97

Photo 14. Fissure structure with secondary seasonal infilling. Generation of medium and small polygons
at Hrubieszow, Lublin Upland. Photo J. Jersak (1975)

wedges, are a common feature in Central Poland, in the £6dz Upland. The examples of this
kind of wedges we find in western (Photo 13) and eastern part of Poland (Photo 14). The
examples from the Van Mijen fiord on Spitshergen seem to confirm that such a situation
was possible and that it might be linked with certain features of aridity of the Pleistocene
climate of Central Europe. It can also assumed that this periglacial environment underwent
local changes. The presence of dry and barren as well as of moist and fully overgrown areas
does not necessarily depend on the zonal features of the climate only. On account of those soil
and sand wedges we tend to believe that the mean, annual air temperature in the pleniglacial
period of the last glaciation in Poland was —6°C.

Another example of the interrelated oceanic and continental periglacial structures on
Polish territory is the famous loess profile in the village of Lopatka (Fig. 9) in the Lublin

S

S P m

Fig. 9. Loess structure in brickyard at Lopatki, Lublin Upland 1 — red loess, 2 — fossil soil,
3 — grey-yellow loess, 4 — solifluction loess, 5 — sand, 6 — loess deluvia, 7 — soil, a—e — ice wedge casts
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GEOGRAPHIA POLONICA 60, 1992

SOIL SAND (SOILARENITE) AND RELATED COHESIVE DETRITAL
DEPOSITS: EXAMPLES FROM A WET TEMPERATE CLIMATIC ZONE

| ANDRZE) KAROL TEISSEYRE |

Institute of Geological Sciences, University of Wroclaw
Wroctaw, Poland

ABSTRACT. Detrital cohesive deposits belong to the most common present-day sediments
known from various terrestrial environments, some shallow-marine ones as well as tidal
flats. Lithologically, they include a very wide range of clastic materials varying in size from
rudites (angular or rounded), through arenites, to lutaceous materials. Detrital cohesive
deposits constitute a variety of landforms from small anthills to extensive floodplain sheets
or prominent clay dunes that accompany some coastal zones. To the most common
lithologic varietes belong clay rubble, clay gravel (pebbles, balls), soil pebbles (sand) clay
sand (clayarenite) soil sand (soilarenite) and soil mud (soillutite). Genetically, the deposits
may be classified as autoclastic, hydroclastic, anemoclastic, bioclastic or hybrid. All
transitions may be encountered from pure cohesive deposits, through mixed ones, to
ordinary (epi)clastic materials. Mixed deposits (e.g. the majority of intraformational
conglomerates) have perhaps the best chance to be preserved in a fossil record and have
been reported since the Late Pre-Cambrian till the Holocene.

...fine-grained sediments may become aggregated into particles of
sand, gravel, and pebble dimension, following which the particles
behave as sands and may be built into dunes.

W. H. Twenhofel, 1950, p. 342

INTRODUCTION

In the geological sciences, terms such as “clastic or detrital deposits” refer traditionally to
materials composed of fragments or grains derived from older lithified or solid rocks. Such
grains are more or less hard and abrasion-resistant. Both the grains and their matrix-free
accumulations are cohesionless. Such materials constitute the bulk of detrital sedimentary
deposits, and extensive literature has covered all the geologic aspects concerning them,
including origin, terminology, and classification (cf. Grabau 1904, 1913, 1932; Norton 1917,
1920; Tyrrell 1921; Wentworth 1922; Reynolds 1928; Krumbein and Pettijohn 1938; Shrock
1948a, b; Lombard 1949; Rodgers 1950; Folk 1954, 1968; Shepard 1954; Pettijohn 1957, 1975;
Crook 1960; Boswell 1961; Klein 1963; Dott 1964; Williams 1966; Picard 1971; Pettijohn et
al, 1973; Perriaux 1974; and Blatt et al., 1980).
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106 A. Teisseyre

components of chemical or biochemical rocks (cf. James 1954) or faecal pellets (cf. Moore
1939).

Pryor and Vanwie (1971) described peculiar sands composed of cohesive sand-sized
aggregates, the so-called Eocene “Sawdust Sand” of the Wilcox Group of Tennessee and
Kentucky. However, these aggregates are more likely of floccule origin and are distinct from
the detrital cohesive grains. According to the Grabau’s classification, the Sawdust Sand falls
into the group of endogenic deposits and may be termed hydrosilicgranulite.

It is obvious that any soil sand or clay sand may grade imperceptibly into an ordinary
siliceous one. Thus there is the need for sharpening the end-member definitions. Soil sand or
clay sand is an arenaceous deposit containing, it is suggested, 75% by volume or more of
cohesive grains composed of soil or clay. Mixed sand contains 15-75% grains of soil or clay
and (ordinary) sand (arenite, orthoarenite) comprises 0 to 15 per cent grains of cohesive
material (Fig. 1).

LITHIFIED
DEPOSITS

R 0

Fig. 1. Classification of cohesive detrital deposits (modified from Dott 1964): Q — quartz, F — feldspar,

R — rock fragments, micas etc. 1 — quartz arenite, 2 — subarkose, 3 — sublitharenite, 4 — arkose,

5 — lithic arenite (subgreywacke), 6 — quartzwacke, 7 — feldspatic wacke, 8 — lithic wacke. See text for
more details

It may be intuitively assumed that diagenetic processes will tend to obliterate the detrital
character of the cohesive deposits. Owing to the process of welding, detrital grains of soil, clay,
or mud merge with one another losing their identity; the result will be a sort of secondary
matrix or mudstone. Consequently, diagenetic alteration of an originally clayey or soil sand
will lead to the formation of sandy or gritty mudstone; secondary wacke, or greywacke; and
(ortho)arenite or secondary subgreywacke (lithic arenite) depending on the original content of
detrital cohesive material (Fig. 1). Such secondary wackes, greywackes, or subgreywackes may
be hardly distinguishable from primary ones, if ever (cf. Teller 1972). It is also very likely that
some diamictites (Flint et al. 1960), interpreted commonly as mudflow deposits, might have
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TABLE 1. Grain size analyses of cohesive detrital deposits (gentle hand sieving)

Average genetic types

Parameter autoclastic alluwvial slopewash
\1.1_\.|rcn'!c sotlarenite ‘dk,.}m:.'l'
sotlarenite
Grain size (cumulated
pereentage)
40 16 mm 0.2 09 0.3
i e 8 mm 2.5 5.1 1.4
20 4 mm 15.9 19.0 5.2
1l o 2 mm 46.2 468 18.8
0o I mm 74.3 71.3 48.2
1 o 0.5 mm 88.1 85.2 76.8
20 025 mm 92.7 939 921
} o 0.125 mm 948 96.4 95.7
40 0.0625 mm 96.1 97.2 974
Per cent fines (by weight) 39 2.8 2.6
Statistical parameters
(range)
Md, 290 +~ 4085 1.15 + 4055 240 + +230
M, 282 + +1.50 1.05 + +0.58 237 = +2.17
o, 1.10 = 1.79 141 = 1.72 1.05 = 1.45
Sk, +0.20 ~ +0.76 0.13 + 4023 0.10 = +0.11
Kg 127+~ L719 009+ 20 L16+ 220
Number of analyses 18 15 37

Note: Autoclastic deposits collected from Bialy Kosciot, Gebice, Henrykow and Zigbice study reaches (Holocene floodplain clays,
Miocene clays); alluvial soilarenites sampled in Bialy Kosciot, Gebice, Kazanéw, Wadochowice, Brukalice, and Henrykow study reaches
(present-day alluvia of the River Ofawa); and slopewash (deluvial) soilarenites taken from hillslopes of Wadochowice, Brukalice, and
Henrykow experimental fields (all locations situated within the upper River Olawa catchment basin, Sudeten Foreland, southwest Poland;
samples collected in a period 1984-1990).

Statistical parameters according to Folk and Ward (1957): Md, — median grain diameter; M, — mean grain size, o, — standard deviation;
Sk, — skewness, and K; — kurtosis.

originated as mixed soil gravel (soilrudite) or mixed clay gravel (clay-rudite). Thus, a wide
occurrence of the present-day cohesive detrital deposits sheds new light on the problem of the
origin of matrix in terrestrial paraarenites and paraconglomerates at Yeast (cf Pettijohn 1957,
1975; Flint et al., 1960; Dott 1964; Harland et al., 1966; Whetten and Hawkins 1970).

McCrone (1978, p. 493) stressed that: “Some ‘mudstones’ and ‘claystones’ are actually
breccias and conglomerates composed of fragments of mudstone, claystone, or shale in
a matrix of mud and clay”. Such rocks, the origin of which is usually debatable, may be
lithified and partly altered clayrudites or soilrudites or may be of tectonic origin, as the
so-called “Black Cube Clays” known from the Miocene browncoal formations of central
Poland.

The results of grain-size analysis of 70 samples of present-day cohesive detrital deposits
from the upper River Olawa catchment, Sudetes Foreland, are summarized in Table 1 (note
small amount of fines in the deposits investigated).
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SOILS AS A SOURCE OF DETRITAL COHESIVE MATERIALS

Any soil may be a source of detrital material (Twenhofel 1950). However, clay-rich soils
distinguish themselves in having peddy textures (Photos 3, 4) and ipso facto are granular
discontinuous media (Pons and Zonneveld 1965; DeVos and Virgo 1969; Ollier 1969;
Fitzpatrick 1983, 1984). In fact, textural characteristics of such soils changes with depth within
the zone of aeration including a crumb-, platey-, blocky-, and prismatic-textured layer (Fig. 2).
Thus, it is obvious that upon erosion such soils will break down into cohesive granular
materials ranging in size from fine sand, through granules, to pebble gravel. Columnar
jointing, found in many such soils (Teisseyre 1980, 1984, 1990a), gives rise even to the
formation of quite large blocks of soil, particularly along river cutbanks or exposure walls
(so-called “vertisols”). Additionally, ploughing of frozen soils or deeply dried ones may result
in the development of large plates and soil clods.

ern

crack pat!

N\
v N7
— ¢ molehilly
N \

Limit of ploughed soil

tough, massive soil

Fig. 2. Textures of clay-rich soil. Modified from Teisseyre 1990a

The tendency to formation of soil peds (i.e., crumbs, block, etc.) is enhanced if the soil
contains montmorillonite, smectite, or related expanding clays; organic matter and calcium
carbonate are also of importance. Kaolinite, on the other hand, seems to generate weaker
peds.

As it has been emphasized by many authors, peds may be transported by running water or
wind and then accumulated as distinct, granular cohesive deposits. Nanson et al., (1986, 1988)
and Rust and Nanson (1986, 1989) were perhaps the first to recognize such deposits in the
fluvial environment. Recently, Teisseyre (1990a, 1991, in press) described analogous deposits
from wet temperate climate giving them terms “soil sand” and “soil gravel”, depending on
their mean grain size. In fact, slopes underlain by crumb-textured soils are the most
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Photo 3. Crumb (left) and blocky (right) textured soil. Gebice, Sudetes Foreland, June 1986
Photo 4. Prismatic-textured soil. Location as above.
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Fig. 1. Main features of relief of the Jelenia Goéra Basin
1 — fault scarps, probably of Late Tertiary age, 2 — structural escarpments originated due to differential etching, 3 — inselberg-like hills, 4 — closed
depressions and minor basins, 5 — southern limit of the ScF]n{![inaV/'7n ice-sheet, 6 — deeply incised valleys, 7 — Pliocene gravel sediments
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Fig. 1. Morphological sketch of the study area
1 — Cretaceous sandstone scarps, 2 — Lower Permian conglomerate scarps, 3 — valley step,
4 — composite scarp, 5 — resistance scarps, 6 — outliers, 7 — amphitheatral valley heads, 8 — remains of
valley heads, 9 — intersecting blackslopes, 10 — structural top surfaces, 11 — exhumed infra-Triassic
surface, 12 — Permian volcanitoe ridge, 13 — capture, 14 — Holocenian alluvium, 15 — Weichselian
terrace, 16 — Saalian terrace, 17 — Elsterian terrace
Fig. la. Localization of the study area in the Middle Sudetes

1 — main rivers, 2 — watersheds of thD :ﬁr i aﬁ éf ka Klodzka River drainage basins,
3 — mountain ri g, 'A[ﬁ—l(v'ﬁ)or' err; Tﬁr&; study area
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Fig. 2. Geological sketch of the study area
1 — Holocenian alluvium, 2 — Weichselian terrace, 3 — Saalian terrace, 4 — Elsterian terrace,
S — Turonian sandstones, 6 — Cenomanian sandstones, 7 — Cenomanian mudstones, 8 — Cenomanian
tabular sandstones, 9 — Lower Triassic clayal sandstones, 10 — Upper Permian dolomitical arkoses,
11 — Lower Permian conglomerates, 12 — Lower Permian shales and sandstones, 13 — Lower Permian
shales, 14 — Lower Permian volcanitoes, 15 — faults
Fig. 2a. Localization of the study area in northern part of the intra-Sudetic synclinorium
1 — Cretaceous rocks, 2 — Triassic sandstones, 3 — Upper Permian dolomitical arkoses, 4 — Lower

Permian sedimentary rocks, 5 — Lowefﬂctrpj#ﬁ@iﬂn@feg Gp-l carboniferous rocks, 7 — metamorphic
massive
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Fig. 3. Morphological profiles
1 — Turonian sandstones, 2 — Cenomanian sandstones, 3 — Cenomanian mudstones, 4 — Cenomanian tabular sandstones, 5 — Lower Triassic clayal
sandstones, 6 — Upper Permian dolomitical arkoses, 7 — Lower Pmﬁl: ﬁpéﬂg@@_ Lower Permian shales and sandstones, 9 — Lower Permian
shales, 10 — Lower Permian volcanitoes
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144 S. Tuiaczyk

TABLE 1. Petrographic composition of gravels (20 mm) from the
Saalian terrace (13-20 m) and the Elsterian terrace (25-36 m)

Saalian terrace Elsterian terrace
Permian volcanitoes 80% 72%
Quartz 9% 24%
Cretaceous sandstones 9% 4%
Permian conglomerates 2% 0%

Far more gravels are cracked and have sharp edges in the highest terrace than in the
13-20 m terrace. That could be proof of a longer post-sedimentary weathering of the material
of the highest terrace. The facts show that the 25-36 m terrace should be younger than the
preglacial deposits, but significantly older than the Saalian terrace. The conditions under
which its sedimentation occurred must have been similar to those causing the sedimentation of
the Saalian gravels. This was the case in the Elster glaciation. In both periods the icesheets
were stagnating in their maximal extent only several kilometres to the north of the study area
(Jonca 1975).

If such an estimation is accepted, the following order in the terrace system is to be seen: the
older the terrace, the higher it is over the channel bottom and the farther from the valley step.
This could be the result of a gradual deepening of the valley and the simultaneous retreat of
the valley step in the Middle and Late Pleistocene. The fact is additionally confirmed by the
lack of both higher terraces on the right side of the valley. Here, the terraces must have been
destroyed by the lateral erosion of the Scinawka Ktodzka River sliding dipward on the
monoclinal lying stratum (Fig. 4).
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Fig. 4. Reconstruction of the development of the monoclinal valley and the valley step on the ground of
river terraces
1 — Lower Permian conglomerates, 2 — Lower Permian shales and sandstones. River terraces:
a — Holocenian terrace, b — Weichselian terrace, ¢ — Saalian terrace, d — Elsterian terrace
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146 S. Tulaczyk

Fig. 5. Stages of development of the amphitheatral valley heads at the backslope of the Cretaccous
sandstone scarp
1 — Cenomanian sandstones, 2 — Cenomanian mudstones, 3 — Cenomanian tabular sandstones,
4 — Lower Triassic clayal sandstones, 5 — Upper Permian dolomitical arkoses, 6 — Lower Permian
conglomerates, 7 — Lower Permian shales. Explanations of morphological symbols see Fig. 1

development of the valley heads presented by Fig. 5, could have taken place. The straight-line
course of the sandstone scarps proves that if a retreat occurred, it must have had a similar
intensity in all of their parts.

The facts, that the Lower Triassic sandstones are entirely included in the cuesta faces and
that their outcrops end on the axis of the valleys situated at the forefronts (Figs. 2 and 3), lead
to the conclusion that during the retreat, the clayal sandstones must have been removed more
or less as quickly as the Cretaceous ones. The retreating scarps have been exhuming an
infra-Triassic surface (Figs. 1 and 5). Such a process can easily occur if the underlying rocks
are extremely resistant (Tricart 1976) like the dolomitical arkoses in the study area.

The exhumed surface is well preserved on the backslope of the conglomerate cuesta in the
vicinity of the Kochanéw village. It is almost completely absent on the forefront of the
Mieroszowskie Sciany cuesta. The surface here was intersected at the same time as the retreat
by streams having a base level situated much lower than the surface.

If the retreat of the Cretaceous sandstone scarps was intensive and occurred throughout
the Pleistocene or even earlier too, a major part of the landscape between the Permian
volcanitoe ridge and the fronts of the scarps is a result of the dissection of the exhumed
surface. The acceptance of this opinion allows the understanding of the two functions played
by the dolomitical arkoses in the structure of the conglomerate cuesta near the Kochanow
village. Outcrops of the rock are included entirely in the backslope plain together with less
resistant conglomerates in the northern and middle parts of the cuesta. Just several dozen
metres to the south, the arkoses start to be a major part of the steep slope face of the same
form (Fig. 3, profiles A-B, C-D, E-F).
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Fig. 1. Sketch of Byelorussia and map of the Dnieper valley between Buroe and Adrov
1 — valley side, 2 — till, 3 — loess, 4 — sandy loess, 5 — sand and gravel, 6 — sand, 7 — silty sand, 8 — sandy silt, 9 — silt, 10 — organic silt, 11 — peaty
silt, 12 — soil, 13 — sandy alluvial fan, 14 — fossil ice wedge, l.‘rhI organic detritus, 16 — malacofauna, 17 — bones, 18 — ostracodes, 19 — insects,
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Fig. 2. Map of the Dnieper valley between Adrov and Shklov
1 — valley side, 2 — peat and clayey peat, 3 — till, 4 — sand and gravel, 5 — sand, 6 — silty sand,
7 — sandy silt, 8 — silt, 9 — organic silt, 10 — peaty silt, 11 — organic detritus, 12 — bones,
13 — malacofauna

http://rcin.org.pl



Terraces of the Dnieper River 155

/o ORSHA
I
1000 —
——3
7
|
|
500
—— Py
1 - e PYeY |
| B = |
o £l Hondl
hs Bk jiac)
oy IV o4 bl TREREE- 7] :
| S AR g 71—1_,
G‘ == o - 4 i -"" "'I“'tj"‘ - A
L0 NN VYo VEVINIX X X XN
E 7 § 7]

Fig. 3. Monthly discharges of Dnieper in Orsha during the periods: 1881-1922, 1924-1941 and
1945-1970 (by T. Kalicki)
1 — maximum discharges, 2 — mean discharges, 3 — minimum discharges, 4 — period with ice cover

TABLE 1. Number and height of terraces in the Dnieper valley between Orsha and Shklov according to
different authors

Lichkov Isachenko leapenko Motuz Voznyachuk Matieyey
Terraces 1928 1964 Mander 1972 1973 et al.
1968 1975 1988
Flood-plain 2 25-5 m 8 m 6-7 m 5-7m S Lh 5-6 m
G ; 8-10 m
1. terrace 10-15 m 12-13 m 15-16 m 13-15 m 12-15 m 13-15 m
2. terrace 36-40 m 25 m 40 m 30-40 m 18-20 m 23-25 m
3. terrace 50-60 m

TERRACES AND FLOOD PLAINS OF DNIEPER

In spite of the fact that studies in the Dnieper valley were carried out still in 19th century
(Dokuchayev 1878), the opinions on the quantity and height of terraces in the region of
research are very much different and contradictory (Table 1). It probably results from the fact,
that some researchers took flat moraine plains for terraces of Dnieper. However, there is
a complete lack of fluvial sediments on them, that is why they can not be treated as terraces.
The outcrop in Strazhevo is instructive here (Fig. 1).
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Terraces of the Dnieper River 159

TABLE 3. Molluscan assemblages from the profile Buroe 1 and Buroe 2 (A. F. Sanko)

Buroe 1 Buroe 2

E Species sample

1 2 1 2 3 4 5 6

2 Vitrea crystallina (Miiller) 1 1 2 1 1
5 Vallonia pulchella (Miiller) 2 1 3 7 2 3 4
7 Cochlicopa lubrica (Miiller) 1 2
7 Nesovitrea hammonis (Str6m) 1
8  N. cf. petronella (Pfeiffer) 1
9  Succinea cf. putris (L.) 1 1 1 1
Succinea sp. 3 2 10
10 Limnaea peregra (Miiller) 1
Limnaea sp. 1
10 Planorbis planorbis (L.) 8
10 Valvata pulchella (Studer) 34 24 16 49 72 50 20 18
11 Acroloxus lacustris (L.) 4 4 3 1
11 Armiger crista (L. 17 19 1 17 26 2 11 12
11 Bathyomphalus contortus (L.) 1 21
11 Bithynia tentaculata (L.) 54 50 39 70 43 123 15 13
11 Gyraulus albus (Miiller) 2
11 G. laevis (Alder) 6 16 4 55 59 9 10 7
11 Pisidium cf. casertanum (Poli) 10
11 P. henslovanum (Sheppard) 5 5 20 100
11 P. moitessierianum (Paladilke) 25
11 Pisidium sp. 15 S0 100 100 100 100 10 100
11 Sphaerium corneum (L.) 2 2
11 S. lacustre (Miiller) 1
11 S. subsolidum (Clessin) 2
Sphaerium sp. 5 5 2 7 1
11 Valvata cristata (Miiller) 30 106 3 32 20 3 7 8
11 V. piscinalis (Miiller) 15 20 7 28 21 41 11 5
11 V. piscinalis antiqua (Sowerby) S 2 1
12 Pisidium amnicum (Miiller) 7 22 84 65 85 50 15
12 P. pulchellum (Jerzyna) 1
12 P. supinum (Schmidt) 75 10 200 500 S00 300 500 400
12 Sphaerium rivicola (Lamarck) 1

E — Ecological groups see Table 2.

we find sandy silts passing below into clayey sands, white with rusty spots. In the upper parts
of these sediments black traces of roots can be observed. The bed of these sediments
(4.6-6.1 m) is composed of fine-grained sands, growing more coarse towards the bed, white in
the upper part, interbedded with silts, in which wood and shells of malacofauna are met. The
very last sediments are sands with gravels showing already on the level of the river. However,
40 m downstream of Dnieper channel sediments (sands diagonally stratified) are elevated to
1.5 m above the river level (Buroe 2).

Malacological samples from the profiles Buroe 1 and Buroe 2 were taken from bed parts,
from silts and sands (Table 3, Fig. 4). In both profiles water fauna dominates constituting
about 90% of tanatocenoses. These tanatocenoses differ from one another in the share of the
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Fig. 4. Malacological diagram at Buroe site (by A. F. Sanko)
1 — till, 2 — sand and gravel, 3 — sand, 4 — sandy silt, 5 — silt, 6 — organic silt, 7 — molluscs, 8 — level
of river. Type of malacofauna according to Lozek (1964) and Alexandrowicz (1987): A-D - land
molluscs: A — forest snails, B — open-site snails, C — mesophile snails, D — hygrophile snais, E-F
— fresh-water molluscs: E — stagnofile molluscs, F — reofile molluscs

stagnofile and reofile species, from which the first ones dominate in the silts of Buroe 1 ¢nd the
second ones in the sands of Buroe 2. Water basin in the profile Buroe 1 was gradually losing
contact with active river channel and it overgrew. The basin in Buroe 2 preserved constant
contact with the channel and the evidence of periodic water flow is a sudden increase of reofile
forms (to 85%) and simultaneous decrease of stagnofile forms. Contrary to Buroe 1, this basin
was filled not with silts but with fine-grained sands and overgrew less thickly.

In both tanatocenoses in Buroe thermofil species are missing, and species living ina cold
climate prevail — Paleoarctic, Holarctic, and Eurosiberian. Species characteristic fcr Late
Vistulian also occur here in great number: Gyraulus laevis, Valvata piscinalis, Pisidiumsp., on
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Fig. 5. Pollen diagram at Buroe site (by A. P. Shostak)
1 — silt, 2 — sand, 3 — malacofauna, AP — trees, NAP — herbs, S — spores
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TABLE 4. Molluscan assemblages from the profile Pashino (A. F. Sanko)

I Boscics Sample
1 2 3 4 5 6 7
2 Vitrea crystallina (Miiller) 2 2 15 5
S Vallonia pulchella (Miiller) 10 7 50 87
7 Cochlicopa lubrica (Miiller) 3 19 20
7 Limacidae sp. 1 1 4
7 Nesovitrea hammonis (Strom) 2
7 Punctum pygmaeum (Drap.) 2 17 23
8 Succinea oblonga (Drap.) 1
9 Carichium minimum (Miiller) 2
9 Succinea putris (L.) 2 4 4 6
Succinea sp. 4 7
9 Zonitoides nitidus (Miiller) 1
10 Lymnaea truncatula (Miiller) 2 S 4
Lymnaea sp. 2 13
10 Planorbis planorbis (L.) 11 1 2
10 Valvata pulchella (Studer) 31 7 107 22 3 1
11 Acroloxus lacustris (L.) 1 2
11 Armiger crista (L.) 2 1 83 58 4 2
11 Bathyomphalus contortus (L.) 2
11 Bithynia tentaculata (L.) 50 97 340 92 17 2
11 Gyraulus laevis (Alder) 2 1 103 72 4
11 Lymnaea stagnalis (L.) 8 3
11 Pisidium casertanum (Poli) 3
11 P. henslovanum (Sheppard) 20
11 P. moitessierianum (Paladilhe) 10
11 Pisidium sp. S0 S0 250 S0 15 7
11 Sphaerium sp. 2
11 Valvata cristata (Miiller) 175 101 16 2 2
11 V. piscinalis (Miiller) 16 4 37 9 1 1
12 Pisidium amnicum (Miiller) 20 15 37 8
12 P. supinum (Schmidt) 50 70 800 100 25 9 15
12 Unio sp. 1

E — Ecological groups see Table 2.

Earlier examined profile of sandy alluvia situated about 250 m downstream indicates the
similar age (Pashino 1) (Fig. 1). Numerous residua of rodents were found in sands with zravels
on the depth of 2-4 m. Among them lemmings and a field-vole Microtus gregalis (35%)
prevail representing the fauna of tundra biocenose. However, also Holocene species Cleth-
rionomys glaredus, Microtus sp., Arvicola sp. occur in great numbers (Kalinovski 1983).

Almost analogous to Pashino and Buroe is Berestenevo profile (Fig. 1). Under sandy muds
(to 0.9 m) a fossil soil, black-brown organic silts but of a small (30 cm) thickness, and beow, to
2.6 m clayey sands in bed, very strongly ferrous occur. They cover a thick, over 3 m, series of
flood plain deposits of white silts with single wood and malacofauna.

Malacological studies showed that water molluscs dominate almost in the whole rofile,
especially stagnofile species (to 73%) (Table S, Fig. 7). The water basin in which silts
sedimented was shallow and was filled with flood waters, initially with quite a strong r:lation
with river channel (reofile species to 36%). This basin began to overgrow very strongly in the
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TABLE 5. Molluscan assemblages from the profile Berestenevo (by A. F. Sanko)

E Species Sample
1 2 3 4 5 6 7 8 9

1 Discus ruderatus (Ferussac) 1
2 Vitrea crystallina (Miiller) 6 5 2 3 2 7 7 2
5 Vallonia pulchella (Miiller) 6 20 21 51 8 25 4 15 49
7 Cochlicopa lubrica (Miiller) 11 9 32 4 34 5 8 27
7 Euconulus fulvus (Miiller) 1
7 Nesovitrea hammonis (Str6m) 1 1 5 8 1
7 Punctum pygmaeum (Drap.) 2 5 28 12 5 46
8 Nesovitrea petronella (Pfeiffer) 13
8 Succinea oblonga (Drap.) 41 18 6

Vertigo sp. 1
9 Carychium minimum (Miiller) 3 6 16 1 12
9 Succinea putris (L.) 13 2 10 7 4 5
9 S. cf. pfeifferi (Rossmaissler) 22 4 3 2 15

Succinea sp. 2 10 4 14 11 8 25
9 Zonitoides nitidus (Miiller) 1 18 2 10 2 4 3 27
10 Gyraulus rossmaessleri (Auerswald) 1 1
10 Lymnaoa truncatula (Miiller) 6 23 b 19 12 10 4 5
10 L. peregra peregra (Miiller) 1

Lymnaea sp. 4



10
10
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
12
12
12
12

Planorbis planorbis (L.)
Valvata pulchella (Studer)
Acroloxus lacustris (L.)

Anisus spirorbis (L.)

Armiger crista (L.)
Bathyomphalus contortus (L.)
Bithynia tentaculata (L.)
Gyraulus laevis (Alder)
Lymnaea peregra ovata (Drap.)
Pisidium henslovanum (Scheppard)
P. moitessierrianum (Paladilke)
P. cf. subtruncatum (Malm)
Pisidium sp.

Sphaerium solidum (Normand)
Sphaerium sp.

Valvata cristata (Miller)

V. piscinalis (Miiller)

Pisidium amnicum (Miiller)

P. supinum (Schmidt)
Sphaerium rivicola (Lamarck)
Unio sp.

161

98

1004
179

20

250
11

133
243
827
357
52
55

16
17
11
190

72
170

85

21
28
30
107

62

26
63

20

100
10

13
17
24
25

100

N =

20

OoON bW

6

15

65

100

30

10

50

SN =

33

17
25

10
15

100

—

30

cont. Table 5

——

37

25

100

10

E — Ecological groups see Table 2.



TABLE 6. Molluscan assemblages from the profile Levki (by A. F. Sanko)

E Specics Sample
1 2 3 4 5 6 7 8

2 Vitrea crystallina (Miiller) 1 2 1 7 3 15 16
5 Vallonia pulchella (Miiller) 6 10 12 13 17 12 41 62
7 Cochlicopa lubrica (Miiller) 6 6 8 3 5 10 30 43
7 Euconulus fulvus (Miiller) 3
7 Nesovitrea hammonis (Str6m) 1 3 8
7 Punctum pygmaeum (Drap.) 1 2 4 3 3 9
9 Succinea cf. pfeifferi (Rssm.) 2 2
9 S. putris (L)) 4 12 30 10 3

Succinea sp. 7 8 10 15 15 5 15 13
9 Zonitoides nitidus (Miiller) 1 3 4 2
10 Gyraulus rossmaesslezi (Auerswald) 1
10 Lymnaea truncatula (Miiller) 1 2 3 1 1
10 Planorbis planorbis (L.) 1 1
10 Valvata pulchella (Studer) 9 27 20 6 29 17 10 15
11 Acroloxus lacustris (L.) 2 2] 2 6 1 3 1
11 Armiger crista (L.) 49 81 65 41 56 78 49 74
11 Bithynia tentaculata (L.) 8 17 6 5 10 2 6 6
11 Gyraulus laevis (Alder) 15 71 29 28 150 75 40 22
11 Pisidium casertanum (poli) 4 2
11 P. cf. henslowanum (Scheppard) 20 40 40 50 100 100 50 500
11 Pisidium sp. 150 200 200 250 500 100 100 150
11 Sphaerium cf. nitidum (Clessin) 13
11 Valvata cristata (Miiller) 29 15 16 6 4 7 19 17
11 V. piscinallis (Miiller) 2 2 1 7 2 1
12 Pisidium amnicum (Miiller) 1 4 4 2 2 1
12 P. supinum (Schmidt) 100 20 20 50 100 50 50 50

E — Ecological groups see Table 2.
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final phase the result of which was a remarkable decrease of stangofile species (to 40%) and
the development of hygro- and mesofil species. In the whole profile Paleoarctic, Holarctic and
Eurosiberian species characteristic of a cold climate occur what indicates that silts sedimented
in the decline of Vistulian and in the beginning of Holocene.

Also in Levki village, 6 m terrace has the similar structure (Fig. 2). Top metre is constituted
of grey, slightly sandy muds covering black-grey humus silt (fossil soil) of the thickness
of 0.6 m. There are below, down to almost 6 m, flood plain deposits: grey-rusty silts with the
shells of malacofauna covering sands with gravel. Tanatocenose and its changes resemble
these in Berestenevo profile (Table 6, Fig. 8). Sorts of stagnant waters dominate here decidedly
(60—80%). Only in the initial stage, the basin preserved contact with the river channel (reofile
species to 25%), whereas in the final stage it overgrew what indicates an increase of palustrine
species. Similarly to previous profiles, fauna is composed of species living in a cold climate,
indicating the decline of Vistulian and the beginning of Holocene.

The following profile originates from the site Adrov, described in detail (Fig. 1). It is
situated at the mouth of the tributary Adrov to Dnieper. At the top the outcrop (0.0-1.2 m)
light-brown silty sands occur (M, = 4.1-50 ¢, ; = 1.7-1.9, Sk; = 0.1-0.2, K5 = 1.5-1.8),
mildly passing at the bed part into flood plain deposits of black-brown organic silts
(1.2-3.25 m). We can distinguish two complexes of them. The upper one (1.2-2.25 m) is
composed of organic silty muds (the content of the organic substance drops from 7% at the
top to 3% in the bed), slightly sanded at the bottom (M, drops from 6.2 at the top to 5.9 ¢ in
the bed), very badly sorted (6, = 2.1-2.5, Sk; = 0.4, K5 = 0.9-1.0) the top of which was dated
940 + 90 BP (Gd-4570). The lower complex (2.25-3.25 m) is composed of peaty silts (the
content of organic substance equals 5%), silts (M, = 6.4@) very badly sorted (o, = 24,
Sk; = 0.3, Kg = 0.9), the bed of which was dated 9970 + 560 BP (Gd-4402). Below the organic
series clastic sediments occur, coarsening towards the bed, containing malacofauna. From
3.25-5.05 m these are silty muds (M, = 5.9¢), very badly sorted (§; = 2.3, Sk; = 03,
Ks = 1.1), with a small content of organic substance (to 2.5%) and with single inserts (to 1 cm
of thickness) of yellow sands inclined towards the river and downstream in the bed. In the bed
(5.05-5.45 m) of silts, at the contact with the underlying sandy silts (M, = 5.0@, 0, = 23,
Sk, = 0.2, K; = 1.5) there occur strongly ferrous sediments and deformational structures
connected with reversed density gradient. In the bottom parts of the profile, to a depth
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Fig. 9. Malacological diagram at Adrov (by A. F. Sanko)
1 — sand and gravel, 2 — sand, 3 — silty sand, 4 — sandy silt, 5 — silt, 6 — organic silt, 7 — peaty silt,
8 — molluscs, 9 — level of river, A-F — type of malacofauna see Fig. 4



TABLE 7. Molluscan assemblages from the profile Adrov (by A. F. Sanko)

E Species

2 Vitrea crystallina (Miiller)

5  Vallonia pulchella (Miller)

7  Cochlicopa lubrica (Miiller)

7  Cochlicopa sp.

7  Euconulus fulvus (Miiller)

7  Nesovitrea hammonis (Strém)
Vertigo sp.

8  Succinea cf. oblonga (Drap.)

9  Carychium minimum (Miiller)

9  Succinea cf. putris (L.)

10  Limnaea truncatulla (Miiller)

10  Planorbis planorbis (L.)

10  Valvata pulchella (Studer)

11 Acroloxus lacustris (L.)

11 Armiger crista (L.

11 Bathyomphalus contortus (L.)

11 Bithynia tentaculata (L.

11 Gyraulus laevis (Adler)

11 Pisidium cf. lillieborgi (Clessin)

11 P. cf. subtruncatum (Malm)

11 Pisidium sp.

11 Sphaerium corneum (L.)

11 Valvata cristata (Miiller)

11 V. piscinalis (Miiller)

12 Pisidium amnicum (Miiller)

12 P. cf. pulchellum (Senyns)

12 P. supinum (Schmidt)

12 Unio sp.

Sample
1 2 3 4 S 6 7 8 9 10
4 3 1 1 20 36 100 40
58 24 57 41 28 31 30 85 378 401
15 2 8 3 13 5 5 20 59 37
3 7 7 38 15
1
4 2 7 6 14 5 5 28 40 10
1 1 1 1
6 11 10 31 39 16
1
28 32 68 44
17 7 5 3 19 18 5 3
1 2 1
8 53 89 189 38 3 20 7 12
3 1
9 42 7 142 343 65 47 63 50 11
1
3 2 23 46 13 5 2 1
2 2 2 148 212 31 32 33 20
5
5
100 100 10 13 80 25
1
3 2 11 15 8 14 6 11 5
1 72 202 12 2 3
2 2 26 5 1 40 1 2
1
2 15 257 1100 191 125 130 75 187
5

E — Ecological groups see Table 2.
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176 T Gerlach

et al. 1985). In the south we observe low mountains (500—-900 m a.s.l.) and further to the north
there occur successively:

1) large intramontane Jasto-Sanok Depression showing the morphology of low foothills
and wide Pleistocene plain terrace (250-360 m a.s.l);

2) Strzyzow Foothills, also called the Brzozow Beskid Mts., representing low mountains
(450-600 m a.s.l);

3) Dynow Foothills (350-400 m as.. — Fig. 1).

BN 0JS——B8 PD KS
- S Jasliska Rymanéw tezany Haczéw  Brzozéw Blazowa Rzeszéw N =
o
> WIS 0K SI08NICA
i A WIStox o
] e T NNt T T )
N - L
0 o 20km

-e e} wnmore |}

Fig. 1. Section across the central part of the Polish flysch Carpathians showing zones of deflation and
aeolian deposition of the Carpathian variety of loesses during the Vistulian
1 — terrace plains bearing ventifacts, and blowouts containing lacustrine-boggy deposits of Al-
lerad-Holocene age, 2 — sheets of the Carpathian variety of loesses, 3 — loess sheets in the Carpathian
Foothills. BN — Low Beskid Mts., DJS — Jasto-Sanok Depression, BB — Brzozow Beskid Mts., PD
— Dynoéw Foothills, KS — Sandomierz Depression

This part of the Polish Carpathians consists predominantly of folded Oligocene and Lower
Miocene Krosno Beds (Koszarski 1985). They are composed of very thick complex of gray,
strongly calcareous, very fine-grained micaceous sandstones, intercalated with similarly gray
and calcareous shales. When compared with the Magura Beds or other flysch complexes, they
are very easily subjected to weathering processes.

The sandstones of the Krosno Beds consist predominantly of grains less than 0.1 mm in
size (Obuchowicz 1957) whilst in the shales they are essentially below 0.06 mm (Ratajczak
1990). Another important feature of Krosno Beds is their mineral composition. According to
Obuchowicz (1957) and Pininska (1977), the major rock-forming minerals of sandstones are:
quartz (30—45%), carbonates (20—30%), micas (20-40%) and heavy minerals (about 3%).
Among the latter minerals garnet is the most abundant. The shales consist of smectite-chlorite
and smectite-illite groups (Ratajczak 1990).

It should be emphasized that the Low Beskid Mts., about 100 km long and S00—-900 m
a.s.l. high, represent the narrowest and the lowest part of the whole Carpathian mountain
range. Morphologically it is something like a broad gate. Eastwards (Eastern Beskidy Mts.
— Howerla 2061 m a.s.l.) and westwards (Tatra Mts. — Gerlach 2654 m as.l) from this gate,
the Carpathian range is broading and becomes much more elevated. In view of such
orographic situation, the area of the Low Beskid Mts. is characterized by the occurrence of
strong south winds, called here the Dukla and Rymanow ones. Usually, these winds are
blowing during late autumn, in winter and in spring, when the majority of fields is plought and
there is no vegetation. These winds are strong (more than 10 m/s) or very strong (more than
15 m/s) and are lasting from one to several days. They are destroying the soil and winter corn
on the windward slopes. On the other side, the deposition of snow and soil material takes
place on leeward slopes, as well as in front and behind various natural and artificial obstacles.
The measurements of mineral sediments and those mixed with snow or deposited on it have
shown that on leeward slopes and behind the obstacles the average thickness of these deposits
increased by more than 5 cm during one winter (Gerlach and Koszarski 1968a, 1968b). These
sediments consist predominantly of soil microaggregates and fragments of shales, up to 5 mm
in size. After the melting of snow, these sediments cause increases the thickness of loose
deposits. Therefore, actually on leeward slopes, as well as before and behind the obstacles,
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182 E. Mycielska-Dowjiatlo

BRIEF CHARACTERISTIC OF SAMPLING SITES

The examined dunes of deserts of south-western Asia were situated at the Salty Lesert,
Lotha, Kharan, Thal, Thar and the Baktria part of Kara-Kum, Fig. 1 (Dymowska et al. 1984)

1. The Salty Desert extends in the mountain basin, its bottom being covered ufp with
prolluvial and sandy loam alluvial salty deposits. In the basin dominates continentil-dry
climate (Table 1). Sand samples were collected in the Shurab region, where dunes are fcrmed
as short transverse ridges converted into sickle-shaped formes. The length of individual ridge
is 140—150 m, the height 3 m. The source of dune sand are fresh sediments of alluvial fins of
periodical streams flowing down from the mountains and the sand od the local rccks.
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Fig. 1. Distribution of investigated areas in South-Western Asia
1 — sampling site

TABLE 1. Climatic data after K. S. Ahmad (1951) and M. H. Nour (1965)

Average air Averige
De Measuring Altitude Climatic temperature precipta-
esert
Station (m asl) zone tio1
January July (mn)
Kara-Kum  Mazar-i 487.0 temperate, 6° 31.6° 21
Scharif subtropical

Salt Yazd 1200.0 6° 33.0° 12¢
Lotha Zahedan 1370.0 subtropical 6° 31.0° 7¢
Kharan Dalbandin 849.0 10° 33.0° 12z
Thal Multan 128.0 romiel 13.6° 34.6° 182
Thar Khnapur 99.0 e - 13.8° 338° 16¢
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Features of dune deposits 187

TABLE 2. Selected data of heavy minerals analysis

Average ratio of transformed
Average percent of

Desert ) epidotes to nontransformed
nontransparent minerals

ones
Salt 38.0 1.8
Lotha 314 1.5
Kharan 29.0 0.5
Kara-Kum 22.5 0.4
Thar 10.7 0.9
Thal 10.3 0.8

towards enrichment in garnets of dune sediments in realtion to the sediments of foreland of the
dune. The composition of heavy minerals found in the dune sediments of the discussed deserts
points to its considerable dependence on the source of these sediments, much more than on
Corrasion processes.

Another problem is the mutual relationship between processes of chemical weathering
occurring in the source sediments and within the formed dunes. For this purpose, the average
share of non-transparent minerals, as well as the relation of nontransformed to transformed
epidot grains were calculated for dunes of particular desert areas (Table 2). It appeared that
the discussed six desert areas may be classified into three groups characterized by similar
features. These features are determined by processes occurring contemporarily and in previous
geological periods as well. It is then necessary to specify the conditions in which the
contemporary sediments are formed and to reconstruct approximately the conditions of
formation of sediments being the source of the contemporary ones.

The dune sediments of Salty and Lotha deserts originate from alluvial sediments of
periodical streams flowing down the surrounding hills. These are sediments continuously
renewed, derived from the rock weathering material from the basin. The highest proportion of
nontransparent epidotes in dune sediments is probably due to short duration of weathering
processes in the alimentation material. In dunes already formed, in hot and dry climate, the
intensive processes of deposition of iron compounds probably occur. This may probably
explain the highest proportion of non-transparent grains.

The dune sediments from the second of the three distinguished groups of deserts
(Kara-Kum, Kharan) seem to originate from sediments which have a long earlier history and
underwent prolonged process of chemical weathering also under conditions of hot and wet
climate. The epidote grains might undergo significant transformation in such conditions. This
is highly probable in the case of Kara-Kum desert, because there the dunes being formed
contemporarily originate from blown-through alluvial sediments of terrace surface which had
been formed in much more wet periods. The dunes of Kharan desert also derive sediments
from the old alluvia filling the Kharan basin. Contemporary conditions of dry climate prevail
in this area which is marked by accumulation of iron compounds on the grains.

The dune sediments of the third group of deserts (Thar, Thal) are characterized by the
lowest content of non-transparent minerals with simultaneous slight predominance of
transformed epidotes over those non-transformed. This situation seems to depend on three
factors: a low content of CaCO, in sediments, a slightly higher value of mean yearly
precipitation (comparable to Kara-Kum precipitation) and the presence of old river alluvia as
a source of dune sediments. The first two factors may lead to the depletion of iron compounds
that results in lowering of the content of non-transparent minerals in sediments, the third
factor may be responsible for the predominance of transformed epidotes over the
non-transformed ones.
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Fig. 1. Karst areas of Cuba after Nufiez Jimenez (1984)
Plains: karst in exposed limestones: 1 — naked karst, 2 — karst covered by soil, 3 — lithoral karst in marine terraces; buried karst: 4 — karst covered by
thick fluvial and laterital sediments, 5 — coastal swamp karst. Uplands and Mountains: karst in limestones and marbles: 6 — platform karst, 7 — “stack”
karst, 8 — table karst, 9 — cone and tower karst. Karst in limestone and gypsum: 10 — flattened “stack” karst. Karst in interbeded limestones and marbles:

11 — table karst and stone karst. Karst in serpentinites: 12 — high platform karst. Nonkarstic areas — 13. A — Sierra de los Organos (the river
Cuyaguateje basin), B — Sierra Rosario (Pan de Guajaibon)
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Fig. 2. The basion of the Cuyaguateje river in the Sierra de los Organos (W Cuba)
A — topographic sketch: 1 — karst massifs, 2 — permanent streams, 3 — intermittent streams, 4 — dry river bed, 5 — water conduits in subterranean

caves, 6 — lagoons and lakes, 7 — bank of a dam, 8 — points of hydrological and hydrochemical measurements. B — geological sketch (geology after
Piotrowska and Pszczotkowski 1978): 1 — terrigenic fromation JI( _3), 2. — limestone fromations (J,-P,), 3 — terrigenic formations (P,~N),
4 — Peso-Real limestone formation' (N,), 5’ — loose fluvial sediments, 6 — faults



TABLE 1. Chemical denudation in karst regions in the Sierra de los Organos and the Sierra del Rosario in W Cuba

1
Basin Year krsnz m?/ 1 /s-‘llcmz QT n 1 0323 y 2 De?
; g y m3/km?-y t/km?2-y
Sierra de los Organos (Cuyaguateje basin)
V Aniversario 1979-1981 145 40 28 150 7.6 529 1323 0.84—1.15
La Guira 1979-1981 279 7.7 28 195 18.9 68.8 1720 0.88—1.12
Portales II 1979 22.7 45 68.6 136.1 340.2
1980 12.5 25 37.8 75.6 189.0
1981 8.9 18 269 54.4 136.1
1979-1981 502 14.7 29 240 444 87.7 219.2 0.97—1.04
Sierra del Rosario (Masizo Pan de Guajaibon)
Ancon, Canilla 1984-1985 9.45 0.307 325 144 0.537 59 147
Ancon — autochtonous
basin 1984-1985 435 0.207 47.6 154 0.402 92) 231

AT — CaCO;(Ca’* + Mg?*) Zthe range of denudation values = De
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Fig. 3. Topographic sketch and geological profile of the Pan de Guajaibon massif (Sierra Rosario — W Cuba)
1 — surface water courses, 2 — limits of the subterranean basins Ancon and Canilla, 3 — sinkholes, 4 — caves (M — Mamey, C — Canilla, A — Ancon,
L — Lechuza), 5 — location of hyetographs and rain gauges, 6 — field scientific station at San Juan de Sagua. Nonkarstic rocks: 7 — San Marcos formation
(P, —P,L 8 — Bahia Honda tormation (K,). Karstic rocks: 9 — Chiquita formation (K ,), 10 — Guajaibon formation (K, K,), Il — 12 — Lucas and

Artemisa formations (K, — J,). Nonkarstic formations: 13 — San Caﬁ}&no ), 14 — gabbro intrusions, 15 — serpentinites (geology after Maksimov et al.
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Fig. 4. Topographic sketch of the western part of mogotes Pan de Guajaibon and Sierra Chiquita
1 — surface stream with ponors and a karst spring, 2 — rock cliff, 3 — cave entrances, 4, 5 and 6 — scientific station, laboratory and meteorological station

at San Juan de Sagua, working from 1984 till 1988, 7 — location of an automatic hydrochemical station (working from 1984 till 1988), 8 — water gauges;
I — karst spring Ancon, I’ — river Ancon below first sinkholes in ﬂﬁt‘i:icmi of the scientific station, I” — lower karst spring Ancon, II Canilla cave karst
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Fig. 5. Izohyets of annual sum of precipitation in the hydrological year 1984/1985 in the Pan de Guajaibon (W Cuba) after J. Rodriguez
1-4 see explanations to Fig. 3; 5 — location of rain gauges, 6 — isohyets of annual sum of precipitation in the period: November 1984 — October 1985,
7 — field scientific station at San Juan de Sagua
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Fig. 6. Monthly changes of air temperature (T°), humidity (HR in %) and precipitation in the hydrological
year 1984/1985 in the Pan de Guajaibon massif (W Cuba), prepared by J. Rodriguez
1 and 3 — meteorological station San Juan de Sagua, 2 — rain gauge Guajaibon, 4 — rain gauge Mamey.
Location of the meteorological station and hyetographs in Fig. 9

The discussed massif is covered by a dense, hardly accessible vegetation cover typical of the
tropical Caribbean Region. The massif Pan de Guajaibon is discharged by a system of the
river San Marcos, one of the largest rivers of the northern coast of western Cuba (basin area
155 km?). The upper part of the valley of San Marcos discharges southern slopes of the ridge
Sierra Chiquita and catches karst waters emerging from the springs of Ancon and Canilla.
Northern slopes and the foreland of the massif are discharged by surface water courses, mostly
periodical, drained by sinkholes of an underground system of conduits connected with the
karst spring of Canilla.

The geological structure of the massif (Fig. 3, Maksimov et al. 1978; Pszczolkowski et al.
1982) is of Alpine type. The Pan de Guajaibon and the Sierra Chiquita are built of Cretaceous
rocks (K,—K,) mostly massive limestones with bauxite intercalations. Conglomerates, marls,
etc. are also found there. The massif forms a large horst limited by faults. The northern fault
separates the limestone block from the Paleogene nonkarstic rocks belonging to the San
Marcos formation (P,,—P,,), with gabbro and serpentinites intrusions. Central depression,
located between ridges, is also limited by large faults. Tectonic faults caused that the northern
part of the massif, mainly the ridge Pan de Guajaibon, is built of thick limestofne formations
while the depression and the ridge of Sierrra Chiquita, apart from limestone formations, is
built of breccia, marls and nonkarstic rocks. The syncline between these ridges is filled by
Chiquita formation (K ). The faults are accompanied by breccia zones, ore mineralization and
thermo-mineral springs.

HYDROGEOLOGICAL KARST ZONES

The Pan de Guajaibon, in contrast to the karst basin of the Cuyaguateje river, is a massif
hydrologically isolated from the surrounding areas. Therefore an autochtonous hydrologic
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Fig. 7. Topographic plan and longitudinal cross-section of the Ancon cave in the Pan de Guajaibon massif

— W Cuba (carto ra hy after A. Kozik). Location of the cave in Fi . 3



. »;IL' fwt"."( s he '-v\ s R x.-u:r-"ﬁ L e

R e ORE A 2 T e
e wf&l"ﬁ(ﬂ-“"%y‘."‘ PET & "d -, ¥,
R -«-tl-&!a:t-q e regudt
B s Sl el * e vmxs‘g;;
. . . 3 H

,‘ “ - 1

1 ‘t;,':‘ e &
,w‘,u:ﬁ""' -
I P

*'E_- ',‘..:,?'.-'130 i "-';.;"-.i' BT U ‘
R e o O
o X7 i

-

;




ot bron 1
80 %)
15 100 ===y ~ '-'jr -i fl,/"‘s Y -.,7.-\ ST e
C Lo 0 \ 1 / ‘\J' N

uSA ﬂ1|_; N 80 \ ! \ / f
390 » 60 » - oot

1" pH !,1

(°C ta,

370 50 923 2

9 R ————— PR ——
350 &0 / Nty /

x 8 c ngesees
330 30 /70 Ancon | pH
330 g M ] I

3
290t I

1 ; —n

1984.01.20 01.21 01.22 l 01.23 l 01.2¢ | 01,25 | 01.26 l 0127 | 01.29 01.30 0131 02.01 02.02 02.03 | 19840207
Fig. 8. Changes of hydrometeorological elements (P — precipitation in mm, { — humidity in %, 1, — water temperature in “C) and hydrochemical elements (pH — concentration of hydrogen ions, C — conductivity

25°C — S/cm) in karst streams and karst springs of the caves Ancon and Canilla in January and February 1984 (Pan de Guajaibon massif — W. Cuba).
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Fig. 9. Changes of water outflow in the hydrological year 1984/1985 in the subterranean basin of the Pan

de Guajaibon massif (W Cuba) prepared by J. Rodriguez

A — karst spring of the Ancon cave (water gauge I), B — karst spring of the Canilla cave (water gauge II)

Location of water gauges in Fig. 5
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Fig. 10. Changes of chemical composition of surface and subterranean waters (Stiff's diagrams), along a schematic longitudinal profile in the Cuyaguateje

1-2 waters from non-karstic areas, 3 — waters from the river Cuyaguateje and in Pica Pica polje, 4 and 6 — waters in the mogotes Sierra de San Carlos.

8 — waters from the river Cuyaguateje at the lower part of the basin, 15, 16, 17 — waters from karst springs and wells reaching the phreatic zone, 18
— subterranean karst waters influenced by sea water intrusions



TABLE 2. Quantities of chemical denudation in karst regions located in various climatic zones (Pulina 1992) m*km?/y or mm/1000 years

Climatic zones

Lowlands and uplands

Mountains

High mountains

Tropical

Sierra de los Organos, Cuba
53-88

Pan de Guajaibon, Cuba
59 (92)

Mediterranean

Upland Karst, Slovenia
80-136

Vercors French pre-Alps
44-98
Venetian pre-Alps Italy
23-70

Central Apenines Italy
53-130

Julian Alps Slovenia
51-67

SW Caucassus Georgia
114-139

Temperate warm

Dobrogea, Bulgaria
23

Vracanska Planina
38

Pirin, Bulgaria
47

Temperate, transitional

Cracow-Silesian Upland, Poland
24-26

Sudetes Mts. Poland
20-33

Tatra Mts. Poland
49

Temperate cold

Irkutsk Upland E Siberia
1-6

Khamar Daban E Siberia
22

Tunkinsk Alps E Siberia
13

Subpolar

Hornsund region Unglaciated
area Spitsbergen
11

Hornsund region Glaciated
area Spitsbergen
32
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