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1. VASKOVSKY* — V. LOZEK**

TO THE QUATERNARY STRATIGRAPHY IN THE WESTERN PART
OF THE BASIN LIPTOVSKA KOTLINA

(6. obr. v texte, 4 tab. na kriede, slovenské resumé)

Abstrakt. Die Arbeit enthdlt neue Kenuntnisse tiber die quartirgeologische
Entwicklung und Stratigraphie des Quartérs im Liptauer Becken, besonders
auf Grund der Korrelation von fluvialen Terrassenstufen des Vah-Flusses
und von Travertinen.

From the standpoint of Quaternary geology the Liptovskd Kotlina Basin
is of extraordinary great importance due to favourable conditions of varied
development and preservation of several genetic types of Quaternary sediments
which cannot be correlated mutually. The importance of this area is already
evident from the brief review of some types of sediments:

1. Terraces of the Vah river and its tributaries form a well articulated
terrace system ranging from the Pliocene as late as recent time.

2. Travertines of various age with rich paleontological content, which we
may put into mutual relation with terraces and piedmonts.

3. Thick piedmont proluvial sediments at the foothill of mountains bordering
the basin, linked up with river terraces.

4. Mountain glaciation and its products linked up with the system of terraces
and piedmonts.

5. Karts cavities and their fillings, development cycle of which we may
compare with morphological development of the margins of mountains, with
development of terraces of subsidiay tributaries.

Mutual relations of mentioned sediments we can trace and reconstruct a local
well articulated system which is of decisive importance for knowledge of
Quaternary development of the highest part of the West Carpathians.

* Ggologiclcy astav Dionyza Sttra, Mlynskd dolina 1, Bratislava
** (Ceskoslovenskd akademie véd, pracovisté kvartéru, Trojanova 13, Praha 2
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del. Similar opinion express also F. Vitdsek (1932) and A. Droppa (1964) supposing an
earlier age. On the contrary A. Skvaré¢ek (1968) considers the depression as late Quaternary
formation as a consequence of lateral erosion of Véh side-streams and not as a product
of the proper Véh. This opinion is partly confirmed by our investigations. As it is also
evident from the attached geological-morphological section Lovisko — Ulozisko (fig. 2)
in the Pleistocene and Pliocene Vah activity was concentrated in the basin centre in
the section under study; elevated dividing ridges most probably formed its southern
delimitation.

The slopes of ridges in narrowed tributary valleys are usually steep, most frequently
without remnants of terraces. On the contrary slopes in widened parts are more moderate,
steplike in cross section, with remnants of piedmont, respectively fluvial sediments.
An exception is formed by the Lupdianka valley, in which almost along the whole valley
terrace benches have been preserved.

The valleys of right-sided Vah tributaries in the area under study have not developed
such typical narrowing and widening sections as the left-sided ones; the valleys are more
straight, with rather moderate slopes.

In formation of relief, its new forms and preservation of earlier forms in warmer
periods in the section under study to a large degree also formation of travertines partici-
pated, concentrated in places of tectonic predisposition, forming there travertine heaps
(Ceren4, Vysné Sliace, Besenova, etc.), terraces (Lacky, Madoc¢any) or alm deposits
in depressions (Besetovd — Modiare, valley above V. Sliade, below Stiavnica).

The Pre-Quaternary substratum of the studied section is according to P. Gross (1970)
mostly formed by soft strata of claystone lithofacies and Central Carpathian Paleogene
Flysch. Basal Paleogene members are represented by calcareous conglomerates, sandy
and nummulite limestones on the southern margin of the section, where they are in trans-
gressive position on the Mezosoic of the northern slopes of the Low Tatra. In the northern
part of the section there is tectonic contact with the Choéské pohorie Mts; in its whole
length strata with flysch lithofacies are present. Near Likavka (in the westernmost part)
claystone and basal lithofacies is found.

In the studied section of the Liptovska kotlina Basin Quaternary sediments
form an almost homogeneous mantle of Pre-Quaternary formations. Relief
articulation of underlying rocks, variability of genetic conditions is also
reflected in their composition, facies variety and spatial extension. Mostly
extended are slope sediments and water stream alluvii, of smaller extension
are numerous travertine occurrences. Rarely found are eluvial and organic
sediments.

In general we may distinguish the following genetic types of Quaternary
sediments in the area under study: 1. Hluvial-deluvial; 2. Deluvial; 3. Fluvial,
4. Proluvial; 5. Travertines.

1. Eluvial-deluvial Sediments

Weathering products of the Pre-Quaternary substratum are found quite
restricted in the area under study. They are preserved on the peaks of saddles
in small thickness (up to 3 m) or on relatively wide ridges of the upland step
(Vrch hora, Vrch héja, Lovisko, Bezan, Ulozisko, Velky Hukov and others).
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On the peak of the Lovisko they are nearly 15 m thick as shown in borehole
LV-1. Similar thickness may be also attained at other mentioned hills. Regard-
ing to monotonous lithological composition of the Paleogene substratum (clay-
stone development is prevailing) also the character of eluvial-deluvial sediments
is little changeable. There are mostly sandy loams and clayey-loamy to clayey
grain size variations. They are generally of brown colour, soft to rigid plastic
and deliver very good raw material for brick production. Another character
show eluvial sediments at the Bezan, where weathering of sandy-gravelous
materials is concerned.

2. Deluvial Sediments

They show the greatest superficial extension in the area under study. Longi-
tudinal sections of slopes indicate distinct enlargement of their thickness
in slope inclination direction. Their thickness usually varies between 5—8 m,
at places also more. As to grain size they are quite variable. In these parts
of the area where flysch of claystone lithofacies predominates, they approach
loess-loam in grain size, in describing they are mistaken with loess-loam,
however, from which they differ by admixture of small fragments of shales.
On river terraces and proluvial cones usually gravelous material is found
in them. They are characterized by various shades of colour — from light-
yellow to yellowish-brown and greyishbrown. In marginal parts of the basin,
at the border with mountains deluvial sediments are of different character,
they are loamy-stony, frequently with admixture of blocks (e. g. near Klacany
or Liptovskd Anna).

A particular group of deluvial sediments is formed by landslides. Their
development was favourably affected by morphological conditions (steep
slopes) and geological-lithological composition of sediments and rocks. Sliding
processes affected most frequently lower, more rarely middle and less upper
parts of slopes. Most frequently is affected the foothill and the middle part
of the slope, sometimes also the whole slope (near Lucky). Mainly deluvial
sediments usually underwent sliding processes, however, sometimes their
substratum is taken along. Largest surfaces are taken in the nothern sub-
section, they are found less in the southern subsection. From the standpoint
of typology planar landslides are most abundant, then streamlike ones. As to
their stability, landslides may be divided into fixed and active ones. As direct
cause of the origin of landslides we may consider either excessive moistening
of sediments or erosion activity of brooks. In the case of the large ladslide
above the railway station in Ruzomberok slope undermining is the direct ca use.

To mixed genetic types of Quaternary sediments deluvial-fluvial sediments
belong, forming transition between deluvial and fluvial sediments and filling
up bottoms of young valley cuts, deposited with flood-waters.
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Obr. 2 Schematicky geologicko-morfologicky rez Lovisko — Ulozisko (odvodeny z topo-
grafickej mapy 1 : 25 000)

1 — podloZné paleogénne suvrstvia; 2 — predkvartérna terasa (T-II, N ol 7); 3 — vysokd terasa (T-VI.
donau ?); 4 — vysokd terasa (T-V, gii1z); 5 — vysokd terasa (T-IVb, mindely); 6 — vysokd terasa (T-IVa,
mindely); 7 — strednd terasa (T-III, riss;); 8 — strednd terasa (T-II, riss,); 9 — nizke terasy (T-I, wiirin
a holocén); 10 — deluvidlne sedimenty; 11 — eluvidlno-deluvidlne sedimenty; 12 — LV-1, VV-2 — vrty

Fig. 2 Generalized Geological-Morphological Section of the Lovisko — Ulozisko (derived
from the Topographic Map 1 : 25 900)

1 — Underlying Paleogene strata; 2 — Pre-Quaternary terrace (T-VII, N-1); 3 — High terrace (T-VI,
Donau ?); 4 — High terrace (T-V, Giinz); 5 — High terrace (T-IVb, Mindel,); 6 — High terrace (T-IVa,
Mindel,); 7 — Middle terrace (T-IIT, Riss,); 8 — Middle terrace (T-II, Riss,); 9 — Low terraces (T-I, Wiirm
and Holocene); 10 — Deluvial sediments; 11 — Eluvial-deluvialsediments; 12 — LV-1, VV-2 — Boreholes

3. Fluvial sediments

Belong to the Vah in major part, to a less degree to the left-sided respectively
right-sided tributaries, with which they are connected. River terrace benches,
traceable at a greater distance (besile the studied area), are very important
stratigraphical key horizons. Up to lately no sufficient attention was paid
to them; the terrace system was not unambiguously known and interpreted
it can be worked out on the basis of knowledge of the whole basin only. In this
way certain contribution were partly earlier works by F. Vitdsek (1932)
and the later work by A. Droppa (1964), from which we take some data.

The supposed terrace system is only preliminaily characterized in this article;
we have examined it more in detail by aid of boreholes in the section transverse
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to the Vah valley (hill Lovisko — Ulozisko, fig. 2), then in the valleys of
Ludrovianka and Stiavni¢anka (fig. 3). The necessity to draw it also in the
Luptianka valley is indicated. For the continuity of investigation of individual
terraces we use designation of A. Droppa (1964).

In the area under study terraces are mostly composite, formed by cut
rocky substratum (rock terrace) and accumulation surface. According to rela-
tion to valley bottoms we generally distinguish four groups of terraces: 1. low
terraces (T-Ia, T-Ib, T-Ic?); 2. middle terraces (T-I1I, T-III); 3. high terraces
(T-IVa, (T-IVb, T-1V, T-V, T-VI); 4. Pre-Quaternary terraces (T-VII, T-VIII,
T-IX, T-X).

Low Terraces and Flood-Plains. The Vah flood-plain forms a con-
tinuous belt on both sides of the stream. Its width is uniform; near Sokolé¢ie
about 0,5 km, in stream direction between Besenova and Lieskova it widens
up to 1,2 km, lower near Ruzomberok it narrows again to 450 m. The thickness
of its alluvii is unstable; near Sokol¢ie it is up to 8 m, in stream direction
it gradually diminishes (near Ruzomberok 6 m). Fluvial sediments of the flood-
plain of the Véh form one cycle of sedimentation; they rest upon Paleogene
strata. The character of structure and succession of sedimentation of the flood-
plain in vertical direction we have studied more in detail in the wall of the dam
foundation pit near Liptovskd Mara, where throughout the whole thickness
of the fluvial series relatively clearly three groups of sediments are distingui-
shed, each of which corresponds to certain facies.

On the surface of the fluvial series there are sandy loams alternating with
small beds of fine-grained sands; they are most frequently horizontal respecti-
vely with slight diagonal bedding or non-stratified. Their thickness is up to 1 m.
These sediments represent flood-plain facies. Below-them are gravels with
lenticular coarse-grained sand showing diagonal bedding, including also
smaller blocks. Their thickness is about 3 m. They represent river bed facies.
In basal part sandy-gravelous material is deposited with frequent blocks
(z up to 1 m) and also with unworked fragments of Paleogene sandstones,
detached from the substratum. Thickness is up to 3 m, they represent bottom
facies.

In general we may say that in the fluvial series of the Véh flood-plain
coarse material predominates, consisting of variously grained sands, sandy
gravels, gravels and blocks. The sediments of each distinguished facies reflect
regularities of hydrodynamic stream force. Their facies development is different
from that of lowland rivers (for instance the Danube — I. Vaskovsky 1970),
they are of mountain fluvial character. Similar picture of facies development
we also see in most traced terrace benches.

In petrographical composition of fluvial sediments of the Vih flood-plain
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granites predominate, less represented are quartzites, quartz, gneisses, mela-
phyres, amphiboles, limestones, dolomites, arkoses, sandstones, etc.

Already on the surface of the flood-plain of the section under study two
benches are visible at the first sight: the lower and higher. The lower bench
(designated (T-Ia), about 1 m high above the mean Vah level extends along
the stream in the form of a girdle about 50 m wide. In the time of spring
floods it is inundated. The higher bench with relative height 2—3 above the Vah
valley is inundated in the time of catastrophic waters only; it si essentially
wider and we designate it as T-Ib.

A. Droppa (1964) distinguishes in the Liptovskd kotlina Basin terrace
bench T-I¢, which according to him is preserved in mouths of larger tributaries
of the V4h like the Dtbravka, Stiavnica, etc. only. Our investigations have
not unambiguously confirmed the presence of this bench. We suppsoe that
this bench is of same age as the Vah flood-plain. Its present morphological
position in relation to the flood-plain (it apparently forms a higher bench)
is rather caused by lateral erosion of the Vah of originally lengthened long-
itudinal profile of side tributaries into the Vah. In the time of greater aqueous-
ness the tributaries displaced the Vah stream to the north and this way they
lengthened longitudinal profiles, however, simultaneously with less aqueousness
the Vah stream undercut these projections, deepened the valley bottom and thus
side tributaries got into a position of ,,hanging* river beds.

Middle Terraces. In morphology they form a conspicuous formation
of relatively extensive superficial extension not only in the section under
study but according to A. Droppa (1964) in the whole Liptovskd kotlina
Basin. In the traced part of the basin they are mostly preserved on the left
side of the Vah valley (on the right side they occupy small surfaces only)
in an almost continuous strip, parallelly with the flood-plain from Sokoldie
as far as Liptovsky Michal, then SW from Ivachnova to Ruzomberok. Beside
that they appear in the Lupéianka valley and the section between the Stiavni-
¢ianka a Revtca brooks. The surface of middle terraces is covered with relati-
vely thick deluvial loams so that at the first one a terrace bench seem to be
present there. From the compiled geological profiles (fig. 2 and 3) two benches
with differentiated altitudes of the Pre Quaternary substratum are evident.

The first middle terrace (lower bench of middle terraces I-11) on the left side
of the Véh valley forms an interrupted strip with not large surfaces in front
of the mouth of the Dubravka, Luptianka, Slia¢anka and Stiavnitianka
(from Ludrové on the left side of the Ludrovianka, then along the Stiavni-
Gianka; near Ruzomberok it wedges out).

The altitude of the surface of the 1st middle terrace bench (T-11) varies within
the range of 15—20 m above the Vah valley. The rock substratum is in a rela-
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tive altitude of 10—15 m. In the Stiavnidianka valley, near the inflow of the
Ludrovianka into the Stiavnidianka (borehole LV-16) the altitude of its rock
substratum lies about 2 m above the flood-plain surface. Its thickness of accu-
mulation varies from 3 to 9 m.

The second middle terrace (higher bench of middle terraces T-I1T) occupies
a larger surface in the studied part of the basin. On the left side of the Vah
valley it is preserved in isolated parts between the mouths of the Dibravanka,
Kladianka, Malatinka and Lupdéianka; here they are linked up with the cor-
responding terrace of the Lupcianka. In stream direction this bench continues
easterly of the Sliadanka mouth, similarly from the Stiavnidianka, occupying
a large area between the streams Stiavnidianka and Revica. Also on the right
side of the Vah valley it has preserved in fragments NW of Liptovskd Tepld and
Liskovd. Its surface above the Vah level varies within the limits 25—33 m;
the rock substratum lies 18—22 m above the river, accumulation is 3—5 m
thick. Both terrace benches (T-II, T-III) are covered with a bed of deluvial
loams at the sufrace, thickness of which reaches up to 6 m.

High Terraces. High terrace benches are found in the valleys of the Vah
and its tributaries. Differences in altitude are various and even their preserva-
tion is not equal.

The first high terrace (T-IV on the left side of the Véah valley is preserved
in fragments; northeasterly of Krmes, further SW of Vlachy, between the Mala-
tinka and Lupdianka streams, SW of Liptovsky Michal, where it links up
with the corresponding Lupdianka terrace extending nearly through the whole
Lupéianka valley. According to A. Droppa (1964) this bench forms uniform
filling of sediments at the same level with the substratum (erosion bench),
only its surface is divided into two benches by erosion (similarly as in the flood-
plain). According to the attached profile (fig. 2) there are two benches with
different heights of erosion, therefore we designate them in a different way
(T-IVa and T-IVb).

The erosion surface of the lower high terrace bench T-IVa is 41 m above
the Véh level. Thickness of accumulation is up to 8 m (borehole LV-6), it
consists of highly weathered material; varigrained sand with gravel including
pebbles of granites (weathered), quartzites, melaphyres nad also rarely lime-
stones.

The second terrace bench (T-IVb) has erosion surface 50 m above the Vih
level. Its thickness of accumulation (in boreholes V-4 and VV-4) isup to 10 m.
Accumulation is formed by varigrained sand, highly loamified with pebbles
of weathered granite, quartzites, melaphyres, sandstones and limestones.

The difference of erosion surface altitude between the benches T-IVa
and T-IVb is 9 m, however, local character of different erosion bench level
cannot be excluded.
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The second high terrace (T-V) is preserved at larger surfaces along the Vah
and Lupéianka. At the Vah it extends on the left side of the valley; SW of Sokol-
ie as far as the Lupéianka mouth and then on the left side in the Lupcianka

valley.
The rock substratum of this bench is found 83 to 86 m, its surface 92—103 m

above the Vah level. Total thickness of accumulation is up to 9m according
to boreholes VV-2 and LV-3. At the base gravelous sands are loamified,
coarse-grained sand with boulders up to @ 15 cm predominates. Gravel
material consists of granites, gneisses, quartzites, melaphyres and limestones.
The granites are much weathered, disintegrating into sand. Higher up above
this accumulation highly loamified brown coarse-grained sands are found.
Above the fluvial accumulation deluvial sediments up to 7 m thick are present.

The third high terrace (T-VI) is found along the V&h river (fig. 2) on the
side of the valley and also in the Lupcianka valley. Its course is generally
similar to that of the foregoing bench.

As the foregoing terraces also this one has its rock bench and gravel accumu-
lation. Rock substratum is found 97 to 100 m, the surface about 106 m above
the Vah level. Total thickness of accumulation is about 6 m according to bore-
holes LV-2 and LV-10. The material is highly weathered generally; it consists
of densified loams, granites (completely weathered), quartzites (with highly
weathered rim), also fragments of Werfenian pebbles are found. In general
the whole complex is of brown colour; in its overlier deluvial sediments are
present.

Pre-Quaternary Terraces. Pre-Quaternary terraces form a group
composed of 3, respectively 4 terrace benches with substratum differentiated
in altitude. However, as we have not so far dealt with the character of their
sedimentation and also mutual spatial relations nearer, we are not going
to describe them more in detail. The occurrences of melaphyres show that
their provenance was connected with the Vah activity. The material is highly
weathered in general.

Proluvial sediments

Periglacial alluvial cones clearly point to close genetic connection with river
terraces in the area under study. They are found in the southern part of the
basin, at the foot-hill of the Low Tatra and in the northern part at the foothill
of the Chodské pohorie Mts.

Relatively distinctly are differentiated three groups of proluvial sediments
in the valleys of tributaries in the southern part of the studied section in the
Liptovsks kotlina Basin: high, middle and low. Best preserved is the group
of low periglacial cones filling up valley bottoms; they represent wide flood-
plains. The largest superficial extension have middle cones; the largest of them
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Obr. 3 Pozdizny schematicky geologicko-morfologicky rez dolinou Stiavnidianky (vztah
travertinov na Cerenej k toku r. Vdhu)

1 — podloZné paleogénne suvrstvia; 2 — vysokd terasa (proluvidlne sedimenty — T-VI, donau ?); 3 —
vysokd terasa (proluvidlne sedimenty T-V, giinz); 4 — stredns terasa (T-IT, riss;); 5 — nizke terasy (T-1,
wiirm a holocén); 6 — travertiny na kopci Cerend; 7 — LV-16 — vrty

Fig. 3 Generalized Longitudinal Geological-Morphological Section of the Stiavni¢ianka

Valley (Relation of Travertines at the Cerend to the Vah Stream)

1 — Underlying Paleogene strata; 2 — High terrace (proluvial sediments, T-VI, Donau ?); 3 — High terrace
(proluvial sediments, T-V, Giinz); 4 — Middle terrace (T-1I, Rissl); 5 — Low terraces (T-I, Wiirm and Holo-
cene): 6 — Travertines at the hill Cerend; 7 — LV-16 — boreholes

is the cone of the Krizianka, about 5 km long and 2,5 km wide — in our area
a narrow strip reaches only, the essential surface of the cone extends easterly,
outside our area. Further cones of this group are found in the valleys of the
Klatianka, Lupéianka, Sliatanka and Ludrovianka. The most part of these
cones is quite extensive. The group of higher cones is preserved in fragments
only and that on the left side of the Lupéianka valley and on the right side
of the Ludrovianka, below the travertine heap Cerend (fig. 3).

In the northern part, at the basin border a group of later cones is preserved
in the studied section only, formed by the brooks Sestré and Kalamenianka,
also near the community of Liptovskd Anna and NW of the community Lisko-
véd, formed by unnamed tributaries. These cones are of relatively small super-
ficial extension. The group of middle cones is rare here.
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- Obr. 4 Prieény geologicko-morfologicky

g rez dolinou Ludrovianky

L 630 1 — podlozné paleogénne suvrstvia;

[ 2 — vysoka terasa (proluvidlne sedimenty, T-V,

giinz);

oo 3 — strednd terasa (T-III, riss,);

600 4 — strednd terasa (T-II, riss,);

590 5 — nizka terasa Ludrovanky;

580 6 — travertiny na kopei Cerend

7 Fig. 4 Transverse Geological-Morpho-

T logical Section of the Ludrovianka Valley
~ freee 1 — Underlying Palecogene strata;
é g 9 — Iigh terrace (proluvial sediments, T-V,
+ = Giinz);

5075 3 — Middle terrace (T-IIL, Riss,);
! @ % # ¢ 5 6@ 4 — Middle terrace (T-II, Riss,);

— Low terrace of the Ludrovianka;
6 — Travertines at the hill Cerend

5. Travertines

The group of travertines includes carbonate sediments of mineral waters,
with a scale of rocks varied in lithology, from compact travertines through
various varieties of travertines and alms to carbonate bogs.

In the studied section they are found generally at 5 main localities at the
basin border: Cerend, Vy$né Sliade, BeSetiovd, Drienok near BeSetiovd, Lidky,
etc. At all localities many investigations were carried out by V. Lozek (1961,
1964, 1969), which made possible to obtain relatively rich material of mollusc
fauna. In some cases, however, findings are fragmental only, not representing
the rich fauna, what is conditioned by insufficient exposure of fossiliferous
beds (Sliade, Ludrovd). With Pleistocene deposits many deposits of Holocene
travertines are connected.

In this articlé we mention individual travertine localities according to the
communities near which they are found.

The travertines of Ludrovd are found at two localities easterly of the com-
munity-the first on the hill Cerend, the second near the old cemetery.

Cerend above Ludrovd. At the first sight travertines form one heap
of elongated shape in N-S direction. As K. Subjak — M. Poldgkov4 (1961)
show, however, there are two heaps merged. Between both heaps there is
probably travertine detritus with layers of compact travertines. Travertines
of heaps are more compact, less porous, divided into banks. Travertines
outside the corrosion sacks are disturbed, also by deep joints, practically
reaching the underlier, mainly in marginal parts, so that they form own blocks.
The corrosion sacks are of funnel shape, filled up with travertine sand or loam
mixed with travertine fragments. They are of light-greyisbrown colour. Their
thickness is about 12 m, they rest on conglomerate (proluvial) material (fig. 3.
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Obr. 5 Nadért a opis zépadnej steny travertinového lomu na Cerenej pri Ludrovej
(vysek z profilu)

Fig. 5 Sketch-Map and Description of the Western Wall of the Travertine Quarry at the
Cerend near Ludrové (Profile Sector)

1 — ¢ierna humozna drobovitda hlina s tlomkami tra-
vertinu; ) . X X i "@? d’ﬂ
2 — korodovana travertinovd suf vyplnend diernou C_;S;PP/Z \‘é{
humgéznou hlinou; 0 M 2YE . D
3 — navetrany, nepravidelne lavicovity travertin #1to- ::: W == e o111
. <, :)o
hnedej farby; = ﬂéa SoLo é =C 2
e s TS

4 — svetly penovcovy piesok;

5 — avetly, tenko vrstevnaty travertin;

6 — Zltobiely penovcovy piesok (vytvara ndapadni me-
dziplochu);

7 — tenko lavicovité travertiny s Ciastocne spevnenyini
medzivrestvickami penoveovyeh pieskov;

8 — sivd, pomerne tmavd Smuha;

9 — lavicovité, nepravidelne rastené (vii¢sic kompalktné
partie) travertiny s medzivrstvickami penoveovych
pieskov;

10 -- svetlohnedy hlinity penovcovy piesok;

11 — lavice pevnych penoveov pletove]j farby;

12 — hnedosivy, naspodku hrdzavo mramorovany, silne
hlinity penovcovy piesok:

13 hrubé lavice kompaktnejsich jemne pdaskovanych 2
travertinov

|

1 — Black humic crumbly loam with travertine frag-
ments;

2 — Corroded travertine screc filled wup with black
hwiric loam;

3 — Weathered, irregularly banked travertine of yellow-

ishbrown colour; 3 A
4+ — Light — coloured loose tufa;
5 — Light — coloured thin-bedded travertine;
6 — Yellowishwhite sandy loose tufa (froming marked

interbed);

7 — Thin-banked travertines with partly solidified
intercalations of loose tufa;

8 — Grey relatively dark — coloured parting;

9 — Banked, irregularly developed (larger compact 4
parts) travertines with intercalations of loose tufa;

10 — Light-brown loamy loose tufa;

11 — Banks of solid tufas of beige colour;

12 — Brownishgrey, at the bottom rusty-brown mar-
morized, highly loamy loose tufa;

13 — Thick banks of more compact, fine-banded trav-
ertines

and 4.) consisting of sandstones, limestones and dolomites with calcareous
cement. Medium to well worked out pebbles indicate water transportation.
The conglomerate material lies on two benches with different base altitude.
The difference between base altitudes is up to 8 m. The height of bases above
the Ludrovianka level is 71 m at the first (lower) bench and 80 at the higher
one (fig. 3).
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Table 1
Malxeozoological Findings from th» Oterop at the Western Slope of the Cerend

Kcological- .
biostrati- ' . ) Horizon
e SRS 12 10 3K
terization

! Acicula polites (Hartmann) — = =e

! Aegopinella cf. nitens (Michaud) 4 —

1t Aegopis verticullis (Lamarcl) — +

1 Cochlodina laminata (Montagu) us A
Discus ruddreatus (Férussac) ? - -+

! Ena montana (Draparnaud) - -

! Helicodonla obvoluta (Miiller) = +

! Iphigena plicatule (Daparnaud) —

! 1sognomostama isognomaostoma (Schroter) —

! Monachoides incarnata (Miller) =
Oxychilus depressus (Storki) -

! Trichia vnidentata (Draparnaud) + ?

+ 14+
FH

1) Ariania arbustorum (Linné) o~ 3
! Discus rotundatus (Miiller) =i )
Semilomax kotulae (W esterlund) s
Aegopinella minor (Stabile) — o
Bradybaena fruticum (Miiller) ==
Cochlodina cerate (Rossmissler) —
(+) Vitrea crystallina (Miller) +

o
+

(897

=f= | =k
\

Clausilia pumila C. Pfeiffer o= = L
3 Monachoides vicina (Rossmissler) = = +
(++) Pseudalinda turgida (Rossmassler) — - -

(++) Abida frumentum (Draparnaud)
4 () Chondrula tridens (Miiller)
(+) Vallonia costata (Miuller)
Vallonia pulchella (Miller)

| +

| = 421
\

b=

) Cochlicopa lubrica (Miller)
+)  Buconulus fulvus (Muller)
) Perpolita hammonis (Strom)
) Punctum pygmaewm (Draparnaud)
7 Trichia cf. lubomirskii (S16sarski)
Vitrea contracta (Westerlund)
Helicigona lapicida (Linnd)
(+) Orcula doltum (Draparnaud)

|+ 1 ++ |+

R s
!

|

! Carychium tridentatum (Risso) —
8 Vertigo substriata (Jeffreys)

+
|

Carychiwm minimum (Miiller) =

FHuconulus alderi (Gray) —

Vertigo antivertigo (Draparnaud) -
+)  Succinea putris (Linn é) —
(+) Zonitoides nitidus (Miiller)

Bythinella austriaca (Frauenfeld) -+

(+) Lymnaea truncatula (Miiller) -+

10 Lymnaea peregra f. ovate (Draparnaud) +
(+) Pusidium casertanum (Poli) o

Ft |t
|
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From paleontological side travertines at the Cerena have so far been little
studied regarding to little exposure. The only findings have been so far deli-
vered, from a small quarry at the western margin (fig. 5, photograph 1) where
lower beds of the travertines with foamstone layers are exposed. In quarries
on the top of the plateau only superficial beds of solid travertines with deep
pockets (photograph 2) of terra fusca, affected by corrosion, are exposed.
(L. Smolikovd — V. LoZek 1962) but they rarely contain fragments
of helicid shells. In the quarry on the western slope two types of fauna are
present:

In soft layers, forming intercalations in solid travertines beds 10 and 12/
it is indubitably an autochthonous assemblage, i. e. contemporaneous with
sedimentation of the deposit. Predominating are species not pretentious to
climate able to live in open country (tab. I, groups 5,7,8) with which elements
bound to water are associated, of swamps (group 9) as well as waters (10).
In bed 10 various forest elements are mixed to them, the majority of which
indicate warmer period, i. e, interglacial in this case. A note deserves mainly
Aegopis vervcillus (Lam.), Helicodoma obvoluwa (Miill.) and Discus rovundaius
(Miill.).

For considering the total age of the deposit the finding of the species Heleci-
gona lapicida (L.) in bed 10 is important which does not reach Slovakia at
present and in fossil state it is mainly known from warmer periods of the Early
Pleistocene. In later travertines of the Liptov and Spis it has not been found.
Similar importance may be also attributed to the finding of the xerothermic
element Abida frumentum (Drap.) in bed 12, which is also mainly typical
of earlier interglacials — at least as to northern Slovakia.

The mentioned shows that the fauna of beds 10 and 12 consists of two com-
ponents — the autochthonous, represented by groups 5 to 10 and parautoch-
thonous, including mainly forest elements of group 1 and partly 2. The explana-
tion of this state need not be unambiguous because there can be calcareous
swamps with typical little distinet fauna, to which forest elements from wider
environments came as accessory admixture only, however, also a period so far
characterized by predominating elements of open country, where forest
assemblages were not completely developed so far. An early phase of the inter-
glacial is probably concerned, however, definite determination could by brought
with detailed investigation of the whole profile of the travertine body only,
which so far has not been performable.

From this fauna must be distinguished findings from foamstone pockets
in the upper disrupted beds, designated in tab. 1 as horizon 3/K, marked
by lacking water and swamp species (group 10 and 9 are completely missing)
and with predominating forest species, commonly living in the Liptov up to
present in contrast to similar findings from bed 10. This fauna undoubtedly
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corresponds to the beginnings of climatic optimum of some warmer period,
however, it is not possible to prove certainly that it was contemporaneous
with deposition of travertines. It may be a much later fauna, preserved
in weathering product of travertines in superficial part of the deposit. Com-
position of the fauna does not show anything more about its age. It may be
a fauna from the beginning of the Holocene Atlantic as well as from some
earlier interglacial, however later than the warmer period, in which the heaps
have formed. The analysis of the fauna is presented in table I mentioned below.

The travertines near the old cemetery in Ludrové form a small heap with @
about 15 m only, they are little solid, very porous, light-coloured.

The travertines of Liptovskd Stiavnica are found SW and westerly of the
community (on the slope below elevation point 568 m). They form two heaps
with @ up to 200 m lying close one above another, towering about 3—5 m
above the environments. The travertine is relatively compact, whitishbrown.

Further occurrence of travertines is close to the SW outskirts of the com-
munity of Liptovské Stiavnica, where they form a large plate of elongated
shape (about 150 m long and 40 m wide). The travertines are similar to the fore-
going ones. Also another near occurrence belongs to them, with mineral water
springs active recently yet.

On the slope below the Dielec and Ubotie as well as in the southern out-
skirts of the community alms and carbonate bogs are present.

The travertines of Vysné Sliade are concentrated easterly of the community.

The largest occurrence of travertines is here on not a high hill, called ,,Skala‘*
(= Skalica in description by L. Ivan 1941). The western margin of the traver-
tine heap reaches as far as the eastern outskirts of the community. On the top
of the heap there are several smaller quarries for local use. The travertine is

compact, little porous, white, stratified. It contains fauna and flora impressions. -

It is insufficiently exposed. so far no loose layers have been found, which could
deliver fauna.

On the side of this heap a pocket has been found, filled up with loam and
scree, with clay loam including molluses at the base, probably belonging
to the terminal phase of the interglacial. The fauna of the travertines alone
is of interglacial character with predominance of Heliz pomatis(L.), however,
different from the fauna of the localities Li¢ky — Skala and Drienok — top.
On the basis of disruption and weathering we may consider earlier travertines
of the Middle Pleistocene interglacial. Compositon of the fauna conspicuously
resembles findings from the PK IV base of loess series. The fauna is presented
in attached table 2.

In the valley below the “’Skala“ two travertine deposits are still found,
the “Kotlisko* and *’Certovica‘. The Kotlisko is formed by a dead flat heap
with kettle — shaped depression. The travertine is whitishbrown, hard.
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) o ) Tab. 2
Malacozoological Findings from the Loecality Skala near Vysné Sliace
Kcological o o Solid isreling
group List of Species tl';):L\'el'- g‘l&';)" x l(;}:‘
- ] B ine
! Cochlodina cf. laminata (Montagu) R = -
1 Semalimax semilimax (Férussac) - X
. 7 i()Lscus 1j’L_4:(le1'atu§ (Férussac) — X
(+)  Arianta arbustorum (Linné) — X
2 ! Helixz pomatia (Linné) bl -
(-+) Vitrea crystallina (Miiller) - X
Clausilia_pumila C. Pfeiffer % B
3 ! ¢f. Iphigena ventricose (Draparnaud) x
; Truncatellina cylindrica (Férussac) - x
5 ()  Vallonia costata (Miiller) X
(+) Cochlicopa lubrica (Miiller) — 3 o
(-+) Limacidae sp. (drob.) X
7 +  Trichia hispida (Linndé) — X
()  Clausilia dubic Draparnaud — X
ertigo alpestris Alder - X
8 + Succinea oblonga Draparnaud - X -

The Certovica is a heap produced by spring with deep crater (Photo 3).
From the spring (heap) at the brook bottom as far the outskirts of the com-
munity soft swamp travertines, alms, are found.

The travertines of both heaps are late (Holocene).

Travertines of Liuc¢ky. In the area of the community Luctky three
travertine generations are found. Two of them are situated directly below
the spa. The earlier generation is on the right side of the valley, opened by
the quarry near the cemetery and opposite to the spa, the later one below
the church. A brook flows through them, forming a waterfall. The third one lies
below the village, on the left side of the brook towards Kalamany. The step
with waterfall is Holocene (predominantly Atlantic and Epiatlantic).

The deposit between the spa and cemetery called ,,Skala‘‘ has two outerops;
in the south near the cemetery and in the north near the spa. Near the spa the
travertine is brown, hard; F. Némec (1927) determined from it the flora
(tab. 3). In the outcrop near the cemetery the travertine is brittle, stratified in
upper parts (P1. LV, fig. 1) downwards it is harder, less stratified. Both localities
contain rich interglacial fauna (table 3) with index fossils Helicigona banatica
(Rossm.). Pagodula pagodula (Desm.) and Perforatella debosthryon (Kim.).
In the uppermost beds resembling alm a water fauna rich in species is found,
from which Planorbis carinatus (Miill.) deserves particular attention. The fauna
markedly agrees with findings from the top of the Drienok near Beeliova
and indicates the Last Interglacial.



Even in these travertines suitable fossiliferous beds could not have been
found so far. Up to now no faunas have been obtained from them. Relatively
rich fauna of molluscs and also of vertebrates is found in joint filling.

More in detail was described the joint near the central pillar with the cross.
In the part of joint striking E-W red loams with charcoals (MF 1) were found,
covered with fine detritus with loess — like filling (MF 2). This joint is crossed
by later N — 5 joint filled up with finer scree with loamy, light-greyishbrown
sinter filling, also with rich fauna (MF 3). The results of malacofauna studies
are in table 4.

Tab. 4

Malacozoological Findings from the Joint in the Central Pillar of the Travertine Quarry
,,Bana‘ near BeSenova

- - — =

E(;ggﬁif - List of Bpecies ME 1 B}HEI;“ MEF 3
Discus ruderatus (Férussac) g 1, ol
1 I "Ena montana (Draparnaud) ol - =,
Vertigo pusilla Miiller - = ol +
(=) Ariante arbustorum (Linnd¢) s L. |
Semillimaa: Lotulae (W ¢ sterlund) B 1
Bradybaena fruticum (Miller) 74 — -k
2 Cochlodina cerata (Rossméssler) ia 1l et
! Helix pomatia Linné s s -
(+) Vitrea crystallina (M El_lr‘i - - 4+
3 () Perforatella bidentata (Gmelin) + = -
4 . Pf})[lla sterri (Voith) o =e e
- Columella colume’lla (Martens) o 4 =
-~ Pupilla locssica LO'ZL‘-_I{ — L _
+  Pupilla muscorum (Linné) L 4 .
5 - Truncatellina cylindrica (Férussac) — e i
(+) Vallonia costata (Miiller) I e I
Vallonia pulchella (Miiller) + = -
++  Vallonia tenwilabris (A. Braun) . + _
+ - Vertigo parcedentata (A. Braun) = 4. =
Cochlicopa lubricella (Porro) — . I
6 Fuomphalis strigella (Draparnaud) + = o3
(+) Cochlicopa lubrica (Miiller) ol . —
(+)  Bucunulus fulvus (Miller) e L =3
(<) Limacidae (small forms) + i =
(<) Perpolita hammonis (Strom) = Al <t
7 (+) Punctum pygmaewm (Draparnaud) = — -+
(=)  Trichia hispida (Linné) S A =
4+ COlausilia dubia Draparnaud + + -+
(+) Oreula doliwm (Draparnaud) = — 4+
Vertigo alpestris Alder - — — = B
- Succinea oblonga Draparnaud + + s
8 [Tertigo .s‘llll.ﬁ‘!i'rrli/(l (J xilli\ 8) ) .
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The thanatocoenosis of the lower red loam (MF 1) corresponds to a quite
warm humide climate, which was a little colder than at present and made
possible development of mixed forests as also the remmants of small mammals
indicate, determined by O. Fejfar (Clethrionomys, Apodemus). It is probably
the latest phase of the interglacial, the latest Riss/Wiirm can be taken into
consideration, however, the interglacial of the Middle Pleistocene cannot be
excluded.

Overlying detritus with loess filling (MF 2) is characterized by distinet
portion of loess elements (also expressed in quantitative portion) and admixture
of hydrophilous elements. This indicates glacial product to be present, which
followed interglacial represented by underlying loam.

The fauna of the cross joint striking N-S (MF 3) shows typical assemblage
of Early Holocene fauna, i. e. Pre-Boreal to Early Boreal.

The analysis of the fauna and the position of travertines in the develop-
ment cycle of the Vah valley show that these travertines are earlier than one
(the Last) Interglacial, what means that they correspond to the Penultimate
Interglacial or earlier one (the range of the Middle Pleistocene).

Travertines of the ,gDrienok“ near BesSenova. The travertine
complex of Drienok is separated from the foregoing ones by a valley cut.
Solid travertines cover a relatively small surface at the Drienok hillock, also
late foamstones and alms are found there, forming the extensive deposit
,,Mociare‘“ at the hillock foothill.

In the Drienok area three generations of travertines are distinguished quite
distinctly. The earliest of them forms a plate at the top of the hill. At the sur-
face a plate of solid, partly weathered travertines lies first, covering the strata
of loose foamstones underlain by clays and marls. In the pit (fig. 6) situated
at the top of the hill a warm period fauna is found. Richest representation
of the fauna is in the loose tufa bed (indicating predominance of land species).
More detailed findings of the fauna are mentioned in tab. 5.

The later generation of travertines is mainly found at the eastern and partly
also at the southern foothill of the Drienok. In the small quarry at the eastern
foothill travertines with findings of cold period flora and malacofauna of loess
character (Pupilla sp. div., Columella columella Mart., Vallonia tenuilabris
4. Br.). are found Formation of these travertines corresponds to a glacial.

The latest travertines and loose tufas are found at the Drienok foothill,
partly also in the overlier of the mentioned glacial travertines at the eastern
slope. The list of fauna of these travertines is mentioned in tab. 5.

Evaluation of the fauna. The findings from the pit at the Drienok belong
to the richest ones in Slovakia and in the Liptov they represent the only set
till now, showing fauna development in the course of interglacial. The predo-
minating part of typical interglacial species as Helicigona banatica (Rssm.),
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svetlozltosivy, drobno porovity travertin,
tvoriaci hrubu rozpukant lavieu;

svetly penoveovy piesok s potetnymi ne-
pravidelnymi polopevnymi az pevnymi
hTuzami;

zlatozlty az oranZovy, silne porovity tra-
vertin 8 nepravidelne vyvetrdvajucimi
usekmi, pevnymi lavicami a vlezkami pe-
noveového piesku;

svetlozltosivy husto drobno poérovity tra-
vertin tvoriaci tenku lavieu na béze 3. vrs-
tvy, s ktorou je miestami zrasteny:

-1

zltosivy penoveovy piesok tvoriaei ne-
pravidelnua polohu pod stavrstvim 3 —4
a vypliujuci kapsu v starsich vrestvdch;
svetlosivy penoveovy piesok s mmohymi
oranzovymi Fe-§muhami, ktoré sa miestami
stracaju;

svetlosivy penoveovy piesok (takmer bez
skvin Fe);

bielogivy penovecovy piesok s hojnymi
oranzovymi Fe-Skvrnami, Smuhami a mra-
morovanim, micstami s polohami tmavo-
hnedyeh Fe-impregnacii;

sivy penoveovy piesok (tmaviich odticnov
nez ostatné vrstvy):

- Zltosivy, sivy, oranzovo az tmavobnedo-

Smuhovany, Skvrnity alebo mramorovany
ilovity piesok:

syto sivy, nepravidelne vapnity il s hrdza-
vymi Sivenami a wramorovanim  (11a),
micstami s hojnymi vapnitymi inkrustd-
cinmi (11D), asi 50 cm, pod dnom kopancj
sondy zarazenou sondou zisteny jemno-
piesdity il — zvetrany paleogén

Fig. 6 Sketch-Map and Description of Pit
on the Travertine Heap at the Drienok
noar Besenova

10

11

Light-yellowishgrey, finely porous traver-
tine forming a thick jointed bank;
Lizht-coloured loose tufa with numerous
ireegular hall solid to solid nodules:
(Hld-yellow to orange, highly porous tra-
vortine with irregularly weathering parts,
solid binks and intercalations of loose
tufa;

Lizght-yellowishgrey, densely finely porous
travertine forming a thin bank at the base
of bed 3, with which it is intergrown at
places;

Yellowishgrey loose tufa forming an ir- d

regular layer below the complex 3 —4 and
filling up the pocket in carlier heds:

~ Light-grey loose tufa with many orange

Fe-partings, disappearing at places;

- Lizht-grey loose tufa (almost without e

spots):

Whitishzrey loose tufa with abundant
orange Fe-spots, partings and marmoriza-
tion, at places with layers of dark-brown-
Fe-impreznations

Grey loose tufa (darker shades than in other
bheds);

Yellowishgrey, grey, with orange to dark
brown partings, spotted or marmorized,
clayey sand:
Deep-grey, irregularly  calcarcous  clay
with rustybrown spots and marmorization
(11a), at places with abundant calcarcous
incrustations (11b), about 50 cm, Dbelow
the bottom of the pit, by sunken pit found
fine sandy clay — weathered Paleogene

of calcareous swamps, where forest elements came rarely only, development
and fauna of bed 2 indicates that almost the whole deposit was wooded. The fact
that interglacial index elements appear in the uppermost beds only, however,
indicates only these layers to correspond to own climatic optimum, showing
the first half of the interglacial to be included in the profile.

The studied deposit belongs to those types, where early interglacial sedi-
mentation of CaCOj; reaches little thickness and beds of the climatic optimum
predominate, which obviously set on very rapidly. This type corresponds
to conditions on the Hradok of Génovce and is mainly distinct of the Last
Interglacial, however, also a warmer period, represented by pedocomplex PK V
and loess series, cannot be excluded. In Luc¢ky the Last Interglacial is also
indicated. The second fauna obtained from a small pit at the eastern Drienok
foothill is Holocene.

The preliminary brief conclusions show that Quaternary development of
the area under study was also affected by late tectonic movements beside
climatic-morphological factors. Nearer identification of its Intra-Quaternary
tectonics respectively dating of movements cannot be so far unambiguously
performed as precise measurement of boreholes respectively accomplishment
of boreholes of some sections are lacking, on the basis of which we could malke
more detailed analysis of development of longitudinal and transverse profiles,
mainly of terrace benches of the Vah alone or its tributaries. Regarding to that
we are limited to some more general statements.

For better clarification of some facts of geological-tectonic development
of the area in the Quaternary we are going to mention the Pre-Quaternary
period, at least briefly. It is evident that as in other areas of the Carpathians
also in the area under study development was proceeding in several stages.
Most intense course, however, show movements in the Post-Paleogene period.
They are reflected in intense faulted — germanotype structure. The character
of the structure of the area is a reflection of the function and intensity of earlier
and later faults (P. Gross 1970).

Earlier faults are most frequently striking parallelly with present basin
axis, thus in W-E, less WSW-ENE direction.

Later faults are mostly perpendicular to the foregoing system, generally
of N-S direction with deviations from NE-SW and NW-SE.

At present we cannot say with certainty in which period this complicated
tectonic structure was accomplished. However, the absence of Miocene sedi-
ments in the basin indicates very intense, unequable differentiated movements
(in the background of bordering mountains already raised that time) in the ba-
sin alone, occupying a position of depression in relation to the mountains.
The found remmants of Pliocene sediments in the central part (in the centre
of the basin) of the area under study would lead to the assumption that in that
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Malacozoological Findings from the Drienok near Besenovd

Tab. 5

Ecological-

biostrati-

graphical
Charac-

terization

List of Species

11

Horizon

10

Interglacial (Drienok-
9 8 7 6 5

top)
3

2

Holocene

3

Acanthinula aculaeta (Miller)
Acicula polita (Hartmann)
Aegopinella pura (Alder)
Jochlodina laminata (Montagu)
Cochlodina orthostomg (Menkc)
iscus perspectivus (Mihlfeldt)
Discus ruderatus (Férussac)
Helicigona banatica
(Rossmassler)
Helicidonta obvoluta (Maller)
Iphigena cf. densestriata
(Rossmissler)
Isignomostoma. isognomostonic
(Schroter)
Laciniaria cana (Held)
Monachoides incarnata (Miiller)
Orcula doliolum (Bruguicre)
Pagodulina pagodula
(Desmoulins)
Perforatella dibothryon
(Klimakowicz)
Ruthenica filograna
(Rossmasslar)
Oxyclilus depressus (Storli)
Trichia unidentata (Draparnaud
Vitrea dicphana (Studer)
itrea subrimata (Reinhardt)
Vitrea transsylvanica Clessin

|+
|+

cf. Arianta arbustorum (Linné)
Discus rotundatus (Miiller)
Aegopinella minor (Stahile)
Bradybaena fruticum (Muller)
Helix pomatia Linné

atrea erystallina (Miiller)

Clausilia pumile.C. Pfeifter
Iphigena ventricosa
(Draparnaud)

Monachoides vicina (Ross-
massler)

Cepaea vindobonensis (Férussac)

+

+ |+

Truncatellina cylindrica
(Férussac)

Vallowia costata(Miillor)
Vallowia pulchella (Miillor)
Vertigo pygmaea (Draparnaud)

o+t

6

Cochlicopa lubricella (Porro)
Euomphalia strigella
(Draparnaud)

+ |t

+

+ |t
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Iieological- e
gl')r};f)tﬁlact;] List of Specics Interglaci%lll L(t])l)lxl'ienok-top) Hylocetes
Charac- 11 10 8 T 6 5 8 2 3
terization
(+)  Cochlicopa lubrica (Muller) s ol bl b e o -
(-+) Limacidae sp. div. s mm Er ek B S e s we e
(+)  Perpolita hammonis (Strom) E O I I U S
7 (+) Punctum pygmaeum (Drapar-
naud) R I (o K
Vitrea contracta (Westerlund) o s e e e e e 2k =t
(+) Clausilia dubia Draparnaud b ds s mm e s e e - =
! Liniaria plicala (Draparnaud) — — — — — — e -
! Carychiwm tridentatum (Risso) Ao = e = e o =
8 + Succinea oblonga Draparnaud 4 — — — + + 4+ + 4+  —
! Trichia cf. villosula (Rossmissler) — — S s s
Carychivm minimum Milllor — = — = 4 4 — = -
Cochlicopa nitens (Gallenstein) — — — + — + — — ch
Euconulus alderi (Gray) = SN [ S T & -
+ Pupilla madida (Gredler) T I S R —
9 Ozyloma elegans (Risso) b mn ol e oale Ll en =
(4+) Succinea putris (Linné) = w4 b RO — — =
Vallonia enniensis (Gredler) e g -
Vertigo angustios Jeffreys — 4+ 4+ - 4+ + 4+ 4+ + =
Vertigo antivertigo (Draparnaud - -+ 4+ — - 4+ + — -+ -
! Vertigo moulinsiana (Dupuy) - = = — — 4+ + — + =
(+)  Zowitoides nitidus (Miiller) e s e S U I
(+)  Pisidium casertanum (Poli) B e e ey ey = L =
(+)  Pisidiwm obtusale (Lamarck) e o= wlh e omm obm g e e S
(+) Lymnaea palustris (Miiller)
10 (+) (s®nsu stricto) -+ + - = - 4+ — + —
Lymnaea peregra (Miiller)
(sensu latiori) Y = e % S
(+) Lymnaea truncatula (Miiller) - 4+ 4+ + + + + + + -
(+)  Anisus leucostomus (Millet) S0 - I O TR S -

Pagodulina pagodula (Desm.) or Perforatella dibothryon (Kim.) as well as the
major part of species of group 1 is concentrated in bed 2 and also distinctly
represented in its direct underlier (beds 3 and 5). In more depth already species
of open country predominate, from xerophilous (5) to richly represented
assemblages of swamps and shallow waters (9, 10). However, also here forest
elements are rarely found, typical of warmer periods.

As high the basal clay (bed 11) shows certain differences, manifested in the oc-
currence of the species Discus ruderatus (Fér.) and Vitrea crystallina (Miill.).

-This shows together with low representation of forest elements the mentioned

layer already not to correspond to very early phase of the interglacial, probably
close before the onset of climatic optimum.

The difference of beds 10 — 6 in contrast to 5 to 2 (and mainly 2) may be
rather given by the stand, i. e. while the lower beds represent typical sediments



time the whole basin surface was levelled and formed the bottom of Pliocene
filling and only later under the influence of intense uplifting of the northern
part of the area (northerly of the Véh) its complete denudation took place.
This explanation, however, is little probable. On the contrary, the absence
of Pliocene sediments in this part may be explained in the way that prior
to Pliocene sedimentation this area was relatively more raised and lacustrine —
fluvialile accumulative activity did not reach it but terrestrial weathering
was taking place there. It would be evident that as early as prior to the Pliocene
and in the time of it two subsections were relatively clearly differentiating
in the studied basin section, the southern subsection — relatively lower
(southerly of the Vah), in which fluviatile-lacustrine development proceeded
and the northern subsection (northerly of the Vah) — relatively higher with
subaerial processes. More intense tectonic raise in the southern subsection
proceeded approximately at the beginning of the Pliocene; afterward in the
course of the Pliocene tectonic movements displayed less intensity only.
The movements kept this character also in the Early Quaternary, until the end
of the Giinz. Later in the time of the interglacial Giinz /Mindel tectonic move-
ments were intensifying again and we may say that they have been lasting
up to present with various intensity. Their intensity is also indicated, for
instance, by revival of deep erosion and disintegration of Pliocene-Early
Quaternary filling.

On the basis of up to present study of the basin section traced by us, support-
ed by mutual correlation of sediments, morphological forms etc. we mention
some stratigraphic conclusions for Quaternary as well as Pliocene sediments.
These conclusions are to understand as preliminary ones because as we have
mentioned in the introduction, we shall continue in investigation.

Remnants of Pliocene sediments, representing the Pre-Quateraary relief
(lood-pain) level, mainly in the proper Vih valley, have been preserved near
the divide-line in the centre of the basin (on the left side of the Vah valley)
beside the hill Bezan, which forms the dividing ridge. These sediments, seg-
mented by lateral, left-sided Vah tributaries underwent destruction then,
caused by slope processes. They are deposited in steps so that they form 3
respectively 4 terrace benches. Their thicknesses of accumulation are varying,
the greatest (up to 34 m) are reached at the hill BeZan. We have not so far
treated the problem of their stratigraphical range more in detail, as lowermost
position we consider Upper Pliocene (Levantian) ones. They probably form
equivalents of gravelous formations (of Poltér and Kolérovo). We also have
not treated their genesis, however, we suppose their fluviatile-lacustrine
development.

Quaternary-geological development of the area is linking up with develop-
ment of the foregoing periods, however, proceeding under conditions of general
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cooling of the climate, cyclic alternation of warmer and cooler periods, in the
background of tectonic movemens of raising character. The action of these
factors is reflected in the sediments and morphogenesis of the area.

As a consequence of the tectonic raise in the area under study gradual
lowering of base-lines of erosion proceeds — downcutting of the valley of the
Véh and its tributaries, interrupted by periods of predominating accumula-
tion — formation of terraces. Due to cut — down of the V4h and its tributaries,
summary effect of which is about 100 m and about 70 m of the tributaries
in the studied Vah section, gradual formation of valleys was taking place.
It is also necessary to count with slope modelling processes. The valleys were
usually predisposed tectonically, mainly by Post-Paleogene tectonics. In the
Quaternary mostly Pliocene, then Early and Middle Pleistocene sediments
were dissected by erosion. After the phases of erosion formation of travertines
took place on the valley slopes as well as on preserved remnants of accumula-
tion at many places.

The study of spatial extension, the position of fluvial sediments (proluvial
and terrace) of the Vah alone or its tributaries in relation to travertines makes
us possible (except common morphometric, petrographic methods ete.) to find
out certain stratification of development of fluvial sediments, the relief, late
tectonics and Quaternary-geological development of the area under study
generally. This element of stratification in this area we consider asnew. However,
we also remark that this group of problems is very complicated, being in the sta-

ge of treating, therefore the mentioned results are of preliminary character
only.

On the basis of the mentioned and in agreement with the preliminary
results of analyses stratigraphic range of the terraces and travertines of the area
under study appears as follows.

To the earliest Pleistocene we range proluvial sediments of the underlier
of the travertine heap at the hill Cerend, east of Ludrové. Then we range here
the 3 rd and 2nd high terrace of the Vah. The high terrace 3 (T-VI) we correlate
with the highest remnant of mentioned proluvial sediments, in stratigraphy we
range them to the Donau. The 2nd high terrace (T-V) and the lower bench
of proluvial sediments below the travertines from Cerend we range to the Giinz.
The travertines at the mentioned hill alone we consider as interglacial Giinz
Mindel.

To the Middle Pleistocene we range the 1 st high terrace (Mindel). In the case
of its dissection according to diferent underlier we range then the high terrace
(T-IVDb) to the Mindel- and the terrace (T-IVa) to the Mindel,. The travertines:
Licky-Skalicky and Vysné Sliate — Skala (Skalica) we range to the interval
of Mindel Riss interglacial. Questionable is the range of travertines from
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the locality ,,Baiia‘ near BeSetiovd, which are also Middle Pleistocene in age
(i. e. earlier than the Ultimate Interglacial).

Further to the Middle Pleistocene we range the middle terraces and proluvial
sediments. The 2nd middle terrace (T-IIT) we range to the Riss- and the 1st
middle terrace (T-1I) to the Riss,.

To the Upper Pleistocene we range travertines at the localities in Lucky
at the Skala and Drienok near Beseriovd. These are travertines of the Ultimate
interglacial Riss/Wiirm. Further we range there (to the Wiirm period) bottom
filling of the flood-plain of the Vah and its tributaries.

To the period of the “ate Glacial and Holocene® we range sediments of the
flood-plain facies, preserved on flood-plains, also travertines at the localites
in Ludrova, easterly of the community near the old cemetery, in Liptovské
Stiavnica, Vysné Sliate (Kotlisko, Certovica), in Li¢ky the travertine terrace
in the brook, also in Madodany and in Liptovskd Tepld and Beseniova. To the
Holocene we also range the most landslides. Deluvial sediments we mainly
consider as product of the Upper Pleistocene and Holocene. In eluvial sedi-
ments we do not establish the age, we designate them as Quaternary as their
formation is obviously of wide interval of time.

In the course of printing a thick fossiliferous series has been found in the
abandoned quarry in dolomites near Liskovd, situated between the Liskové
Cave and the limestone quarry below the village Martinéek. At the base are
lying the coarse Vah river gravels with pebbles of melaphyres as high as 18 m
above the V4h level. On them a mighty complex of slope talus with malaco-
fauna rests. Immediately on the Vah river terrace lies a thin layer of loess
loam with the species Pupilla sterrt (Vth), P. muscorum (L.). P. triplicata
(Stud.), Orcula dolium (Drap.), Vallonia costate (Mull.) and Clausilia dubia.
Drap. — thus still an assemblage of cold character. Overlying it is a layer
of coarse gravel, containing interglacial elements as Acicula polita (Htm.),
Ruthenica filograna (Rsm.), Bnamontana (Drap.). Isognomostoma holosericum
(Stud.), Carychium tridentatum (Rsse), Cochlodina cf. laminate (Mtg.) and
Aegopinella cf. nitens (Mich.) and also species rather corresponding to trans-
itional phases: Fusulus varians (C. Pfr.) (the second finding from the Pleistoce-
ne), Bradybaena fruticum (Mill.), Buomphalia strigella (Drap.), Claustlic
pumila C. Pfr., Truncatellina cylindrica (Fér.). Abida frumentum (Drap.),
Perforatella bidentata (Gm.), Oecula doliwm (Drap.), Vitrea crystallina (1\/113.11».),
Vallonia costata (Miill.), Clausilia dubia (Drap.), Pupilla sterri (Tth) and P.
triplicata (Stud.). From aquatic species Lymnaea truncatule (Miill.) and from
fluvial species Ancylus fluviatilis (Mill.) have been found, the latter one prov-
ing immediate relation to fluvial accumulation.
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In the immediate overlier of the mentioned terrace, Early Riss in age
according to A. Droppa, a complex of the warm period has been thus proved,
the minimum age which is the Penultimate Interglacial. The profile is of extra-
ordinary importance for dating of the Liptov terraces and is treated in detail.

Do tlac¢e odporudil Q. Zdruba

Prelozil J. Pevny
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I. VASKOVSKY — B. LOZEK

STRATIGRAFIA KVARTERU ZAPADNEJ CASTI LIPTOVSKEJ KOTLINY

(resumé anglického textu)

7 hladiska kvartdrnej geolégie mé liptovskéd kotlina mimoriadne velky
vyznam. Spoésobuji to priaznivé podmienky pestrého vyvoja a viaceré zacho-
vané genetické typy kvartérnych sedimentov. Vzdjomné vztahy tychto sedi-
mentov mézeme sledovat na vidiej rozlohe a vytvorit bohato ¢leneny strati-
graficky systém kotliny, ktory ma rozhodujdci vyznam pre poznanie kvartér-
neho vyvoja najvysiie polozenej ¢asti Zdpadnych Karpdt. Terasovy systém
Vahu méze byt spojovacim ¢lénkom medzi Liptovskou kotlinou a Podunajskou
niZzinou, ¢o ndém umozni porovnat kvartér Liptovskej kotliny s klasickymi
oblastami stredoeurépskeho kvartéru.

O geolégii z. Sasti Liptovskej kotliny jestvuje cely rad prde, ktoré si zame-
rané prevazne na predkvartérne ttvary a kvartéru sa dotykajt len okrajovo.
Pretoze systematicky kvartérnogeologicky vyskum sa tu nerobil, literatira
tykajtca sa kvartéru je skromnd a zaoberd sa prevaZzne vyvojom rieénych
terds. Skiimané tzemie (obr. 1), ako aj celd Liptovska kotlina méd vzhladom
na svoj horsky rdmec depresnii polohu. Stasny reliéf izemia je v podstate
produktom erozivnej ¢innosti. Hlavnym erozivnym Cinitelom bol Vah so svo-
jimi pritokmi. Vah potas kvartéru prehibil dno kotliny do hibky viac ako
110 m a vytvoril Sirokd asymetrickd dolinu; na lavej strane zachovdva tera-
sové stupne, pravé je obyfajne strmsia, bez terasovych zvyskov. Doliny
lavostrannych pritokov v kotline sa nepravidelne rozsiruji a zuzuji. Vyrazné
rozdirovanie pozorujeme po vytsteni potokov z Nizkych Tatier do kotliny.
Na tvorbe reliéfu, jeho novotvarov a konzervovani star$ich tvarov sa v teplych
obdobiach v sktimanom tseku vyznamne podielali travertiny, ktoré sa kon-
centrujii do tektonicky predisponovanych miest.

Kvartérne sedimenty na skiimanom tseku Liptovskej kotliny tvoria takmer
rovnomerny plast predkvartérnych ttvarov. Clenitost reliéfu podloznych
hornin, réznorodost genetickych podmienok sa odréza aj v ich skladbe, facidl-

nej pestrosti a priestorovom rozireni. Najrozsirenejsie st svahové sedimenty
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a naplavy vodnych tokov, mensiu rozlohu maji travertiny. Zriedkavo sa
vyskytuji eluvidlne a organické sedimenty.

Vieobecne moéZzeme v skimanom ftizemi vyclenit 5 genetickych typov
kvartérnych sedimentov: 1. eluvidlno-deluvidlne; 2. deluvidine; 3. fluvidine;
4. proluvidine; 5. travertiny.

1. Bluvidlno-deluvidine sedimenty — produkty zvetrdvania predkvar-

térneho podloZia sa vyskytuji na skimanom tzemi dost obmedzene. Zacho-

vali sa na vrcholoch sediel v nevelkej mocnosti (do 3 m), alebo na pomerne
girokych chrbtoch pahorkatinového stuptia (Vrch hora, Vrch héja, Lovisko,
Bezan, Ulozisko, Velky Hokov a dalsie). Na vrchole Loviska (vrt LV-1) majt
mocnost takmer 15 m. Vzhladom na monoténne litologické zloZenie paleogén-
neho podlozia (prevldda iflovecovy vyvoj) je celkovy charakter eluvidlno-delu-
vidlnych sedimentov mélo premenlivy.

2. Deluvidlne sedimenty st na skiimanom tGzemi plofne najrozsirenejsie.
Pozdizne rezy poukazuji na vyrazné zvidéSovanie ich moenosti v smere sklonov
svahov. Ich priemernd mocnost je 5 — 8 m, miestami aj viac. Zrnitostne s
dost premenlivé. V tych castiach tizemia, kde dominuje fly§ {lovcovej litoficie
st blizke spraovym hlindm a pri ich opisovani dochddza dasto k zmene so
sprasovymi hlinami, od ktorych sa odliSuji primesou drobnych tdlomkov brid-
lic. Na rieénych terasich a proluvidlnych kuzeloch sa v nich oby¢ajne nachddza
§trkovy materidl.

Osobitni skupinu deluvidlnych sedimentov na skimanom tzemi tvoria
zosuny. Na ich vyvoj priaznivo pésobili jednak morfologické podmienky
(strmé svahy), jednak geologicko-litologické zloZenie sedimentov a hornin.
Zosuvné procesy najlastejsie zasahovali spodné Casti svahov. Povaésine byva
postihnuté stfasne tpétie i stred svahu, niekedy vsak i cely svah (napr.
v okoli Lidok), ba aj podloZie. Zosuvné procesy zaberaji najviadésie plochy
v severnom podiuseku. Z typologického hladiska st najrozsirenejsie plosné
a priadové zosuny. Podla stability ich ‘mozno rozdelit na ustdlené a aktivne.
Bezprostrednou pri¢inou zosunov je bud nadmerné zavihdenie sedimentov,
alebo erézna ¢innost potokov.

3. Fluvidlne sedimenty patria z vatiej Gasti Vahu, z mensej Sasti jeho
pritokom. Rietne terasové stupne, ktoré moino sledovat na velkej rozlohe
(mimo skimaného tzemia), st délezitymi vedicimi stratigrafickymi horizont-
mi. Doneddvna sa im nevenovala patriénd pozornost; nebol jednoznadne
zndmy a interpretovany systém terds, ktory mozno vypracovat len na zdklade
znalosti celej kotliny. Uréitym prinosom v tomto smere je novSia préica
A. Droppu, z ktorej preberame niektoré tdaje.

Predpokladany terasovy systém v tomto élanku mé len predbeiny charak-
ter; podrobnejSie sme ho overili pomocou vrtov v prieénom reze na dolinu
Véhu (kopec Lovisko — Ulozisko; (obr. 2), v doline Ludrovanky a Stiavnidian-
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ky (obr. 3). Je nutné urobit rez aj v doline Lupéianky. V zdujme kontinuity
jednotlivych terasovych vyskumov pouZivame oznaCenie A. Droppu. Na
skiimanom tzemi st vadésinou terasy zlozené, tvorené zrezanym skalnym pod-
lozim (erézne terasy) a akumulaénym povrchom. Vseobecne podla pomeru
k dndm dolin rozlifujeme Styri skupiny terds: 1. nizke terasy (T-Ia, T-Ib,
T-Ic?); 2. stredné terasy (T-II, T-III); 3. vysoké terasy (T-IVa, T-1Vb,
T-1V, T-V, T-VI); 4. predkvartérne terasy (T-VII, T-VIII, T-IX, T-X).

Nizke terasy a porieéne nivy. Porietna niva Vahu tvori sivisly
pruh po oboch strandch toku. Jej §irka je rovnakd. Fluvidlne sidementy tvoria
jeden sedimentaény cyklus; lezia na paleogénnych sdvrstviach. Charakter
stavby a sled sedimentdcie porietnej vo vertikdlnom smere sme podrobnejie
gtudovali v stene zdkladovej jamy priehrady pri Liptovskej Mare, kde sa
v celej mocnosti fluvidlne] série pomerne jasne vyclefiuja tri skupiny sedimen-
tov, z ktorych kazdd zodpovedd uréitej facii.

Na povrchu fluvidlnej série st hliny piescité, striedajice sa s vrstvickami
jemnozrnnych pieskov; najcastejSie st horizontdlne, pripadne diagondlne
zvrstvené, alebo bezvrstevné. Ich mocnost dosahuje 1 m. Tieto sedimenty
zastupujt nivnt faciu. Pod nimi si strky so Sofovkami hrubozrnnych pieskov
s diagondlnou vrstevnatostou, obsahujtice aj mensie balvany. Ich mocnost
je okolo 3 m. Zastupuju korytovi facin. V bazédlnej Casti je uloZeny piesko-
§trkovy materidl s ¢astymi balvanmi (2 do 1 m) a s neopracovanymi ilomkami
pieskoveov paleogénu, vytrhnutych z podlozia (mocnost do 3 m); zastupuji
faciu dna. Vo fluvidlnej sérii prie¢nej nivy Vahu prevldada hruby materidl
réznozrnnych pieskov, pieskostrkov, $trkov a balvanov. Sedimenty kazdej
vyélenenej facie odrdzaji zdkonnitosti hydrodynamickej sily toku. Ich facidlny
vyvoj je odlisny od vyvoja nizinnych riek (napr. Dunaja — I. Vaskovsky
1970), maji charakter horského fluvidlu. S podobnym obrazom facidlneho
vyvoja sa stretdvame aj u vadésiny sledovanych terasovych stupinov.

V petrografickom zloZeni fluvidlnych sedimentov porietnej nivy Vahu
prevliadaji zuly, menej st zastiipené kremence, kremeri, ruly, melafyry,
amfiboly, vdpence, dolomity, arkézy, pieskovce a pod.

U% na povrehu porieénej nivy skiimaného tseku st na pohlad viditelné dva
stupne; nizsi a vyS§f. Nizsi stupeni (oznacovany T-Ta), cca 1 m vysoky nad
strednou hladinou Véhu rozkladé sa pozdiz toku vo forme asi 50 m firokého
pésu, zalievajticeho jarné povodne. Vyssi stupeii s relativnou vyskou 2 — 3 m
nad hladinou Vahu byva zaplavovany iba pri katastrofilnych povodniach; je
podstatne 8ir§f a oznacujeme ho ako T-Ib.

A. Droppa (1964) vyélenuje v Liptovskej kotline terasovy stupen T-Ic,
ktory je podla neho zachovany len pri tstiach vadsich pritokov Vahu — Dib-
ravky, Stiavnice a pod. Nagimi vyskumami sa pritomnost tohto stupiia ne-
podarilo jednoznaéne potvrdit.
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Stredné terasy. Morfologicky tvoria ndpadny, plosne pomerne rozsiahly
dtvar nielen na $tudovanom tuseku, ale v celej Liptovskej kotline. Povrch
strednych terés je pokryty pomerne mocnymi deluvidlnymi hlinami, takZe na
pohlad sa javi ako jeden terasovy stupen. Zo zostavenych geologickych pro-
filov (obr. 2 a 3) vyplyva, Ze ide o dva stupne s diferencovanymi vyskami
predkvartérneho podlozia.

1. strednd terasa (nizdi stupen strednych terds T-11) na lavej strane tdolia
Vahu tvori preruovany pruh s nevelkymi plochami pred vytstenim Dabravky,
Luptianky, Sliacanky a Stiavni¢ianky (od Ludrovej po lavej strane Ludro-
vanky, potom pozdii Stiavniéianky; pri Ruzomberku sa vyklinuje). Vyska
povrchu 1. stredného terasového stupnia (T-1I) sa pohybuje v rozmedszi 15 —
20 m nad ddolim Vahu. Skalné podlozie mé v relativnej vyske 10 — 15 m,
a pri Gsti Ludrovanky do Stiavnidianky (vrt LV-16) cca 2 m nad povrchom
porietnej nivy. Mocnost jeho akumulacie kolise od 3 do 9 m.

2. strednd terasa (vyS$$i stupen strednych teras T-I11) zaberd v skimanej
Casti kotliny vacésiu plochu. Na lavej strane Vahu je ttrzkovite zachovand
medzi vytsteniami Dibravky, Kladianky, Malatinky a Lupéianky; tu sa spdja
so zodpovedajicou terasou Lupcianky. V smere toku pokraduje tento stupen
v. od vytstenia Sliadanky, podobne od Stiavnidianky a velkd plochu zabers,
na medzirie¢isku Stiavni¢ianky a Reviicej. Utrzkovite sa zachoval aj na pravej
strane Vahu sz. od Liptovskej Teplej a Liskovej. Jeho povrch nad hladinu
Véhu vystupuje v rozmedzi 25 — 33 m; skalny podklad lezi 18 — 22 m nad
riekou, akumuldcia ma moenost 3 — 5 m. Obidva terasové stupne (T-II, T-I1I)
pokryva 6 metrova vrstva deluvidlnych hlin.

Vysoké terasy. Nachddzaji sa v tidoli Véhu i v dolindch pritokov. Odli-
Suji sa vzajomnymi vyskovymi rozdielmi a nie s ani rovnako zachované.

1. vysokd terasa (T-IV) na lavej strane Vdhu je tutrzkovite zachovani
sv. od Krmesa, jz. od Vlach na medzirie¢isku Malatinky a Lupé&ianky, jz. od
Liptovského Michala, kde nadvézuje na zodpovedajicu terasu Lupéianky.
Podla A. Droppu tento stupen vytvara jednotni sedimentaéni vypli s pod-
loZzim (eréznym stupniom) na jednotnej drovni, len jeho porvch je erdziou
(podobne ako u porie¢nej nivy) rozdeleny na dva stupne. Podla prilozeného
profilu (obr. 2) tu ide o dva stupne s rozdielnymi vyskami erdzie, preto ich
oznatujeme rozdielne (T-IVa a T-IVD).

Erézny povreh nizsieho vysokého stupiia T-IVa je 41 m nad hladinou Véhu.
Mocnost akumuldcie je az 8 m (vrt LV-6), pozostiva zo silne zvetraného
materidlu; roznozrnného piesku so Strkom s valinmi %dl (zvetranymi), kre-
mencov, melafyrov a ojedinele i vdpencov.

Druhy terasovy stupen (T-IVb) md erézny povrch 50 m nad hladinou Vahu.
Mocnost jeho akumulécie (podla vrtov LV-4 a VV-4) je do 10 m. Akumuldciu
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tvori silne zahlineny réznozrnny piesok s valinmi zvetranej Zuly, kremencov,
melafyrov, pieskovcov a vépencov. Vyskovy rozdiel eréznych povrchov medzi
stuptiami T-IVa a T-IVb je 9m, je viak mozné, Ze rozdielna tiroveril erézneho
stuptia je iba lokdlna. ’

2. vysokd terasa (T-V) je zachovand na vadsich plochdch pozdlz Vahu
a Luptianky. Tiahne sa po lavej strane doliny Vahu jz. od Sokoléia za vy-
tistenim Lupdianky a po lavej strane v doline Tiu péianky.

3. vysokd terasa (T-VI sa nachddza pozdiz Vahu (obr. 2) po lavej strane
doliny a v doline Lup&ianky. Jej priebeh je veelku podobny ako u predchadza-
jiceho stupia.

Predkvartérne terasy tvoria skupinu, pozostévajicu z troch alebo
Styroch terasovych stupiiov s vy¥kove diferencovanym podloZim (obr: 2)
Zatial sme sa viak blizsie nezaoberali charakterom ich sedimentécie a vzdjom-
nymi priestorovymi vztahmi a tak ich podrobuejsie neopisujeme). Nélez‘y
melafyrov nasvedduju, Ze ich genéza je spojend s ¢innostou Vahu. Materidl je
silne zvetrany.

4. Proluvidlne sedimenty. Periglacidlne niplavové kuZele na skimanom
tizemi poukazuji na tizku genetickd spétost s rietnymi terasami. Nachddzaji
sa v j. dasti kotliny, na apéati Nizkych Tatier i v s. Casti, na tpdti Choéského
pohoria. V j. dasti sledovaného tseku Liptovskej kotliny v dolindch pritokov
sa vyrazne diferencujui tri skupiny proluvialnych sedimentov: vysoké, stredné
a nizke. Najlepsie zachované je skupina nizkych periglacidlnych kuzelov, ktora
vyplituje dné dolin; tvoria firoké poriene nivy. Najrozsiahlejsie su stredné
kuzele; najviti z nich je kuzel Krizianky, ktory je cca 5 km dlhy a 2,5 km
giroky — na nafie Gzemie prenikd len tzky pds, podstatnd plocha kuzela sa

rozprestiera v. od nésho uzemia. Dalsie, pomerne rozsiahle, kuzele tejto skupiny

sa nachddzaji v dolindch Kladianky, Lupéianky, Sliatanky a Ludrovianky.
Skupina vyssich kuzelov je zachovand iba atrikovite na Tavej strane v doline
Lupéianky a na pravej strane Ludrovianky, pod travertinovou kopou Cergna’m
(obr. 3). V s. dasti, na okraji kotliny je v Studovanom tseku zachovand iba
skupina mladsfch kuzelov, ktord tvoria potoky Sestré a Kalamenianka a v okoli
obce Liptovska Anna, sz. od obce Liskovd sa nachddzaji kuzele vytvor(?né
nepomenovanymi pritokmi. Maji pomerne maly plosny rozsah. Skupina
strednych kuZelov je tu zriedkavostou.

5. Travertiny. Do skupiny travertinov patria karbonidtové sedimenty
minerdlnych vod s litologicky pestrou kélou hornin, (kompaktné travertiny,
rézne odrody travertinov a almov a karbondtové slatiny). Na §tudovanom
tseku vystupuji na okraji kotliny v 5 hlavnych lokalitdch: Cerend, Vysné
Sliage, Bedetiové, Drienok pri Befetiovej, Licky atd. V. Lozek ziskal z nich
pomerne bohaty materidl fauny mélkkysov. V niektoryeh pripadoch st vak
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nélezy len zlomkovité, nereprezentuji celé bohatstvo fauny, ¢o je podmienené
nedostatoénym odkrytim fosiliférnych vrstiev (Sliace, Ludrovd). Na pleisto-
cénne loziskd nadvizuji mnohé loziskd holocénnych travertinov.

V &lanku uvéddzame jednotlivé lokality travertinov podla obei, pri ktorych
sa nachédzaju travertiny Ludrovd — v dvoch lokalitdch v. od obce — prvéd
na vrchu Cerend, druhd pri starom cintorine.

(Jerend nad Ludrovou. Travertiny na pohlad tvoria jednu kopu pretiah-
nutého tvaru v smere S—dJ. V skutocnosti vsak (K. Subja,k — M. Poliasko-
vé4 1961) ide o dve kopy, ktoré sa zlievaji. Medzi oboma kopami je pravde-
podobne travertinovd drvina s polohami kompaktnych travertinov. Traver-
tiny kép st kompaktnejSie, menej pérovité, rozdelené na lavice. Travertiny
mimo koréznych vriec st porusené najmé v okrajovych Gastiach hlbokymi,
prakticky az k podloziu siahajicimi puklinami, takze vytvaraju samostatné
bloky. Paleontologicky su tieto travertiny mélo preskimané, pretoze st slabo
odkryté. Jediné nédlezy dopodial poskytol maly lom na z. okraji (obr. 5, foto 1),
kde st odkryté spodné vrstvy travertinov s polohami penovcov. Pre postdenie
celkového veku loziska je vyznamny nélez druhu Helicigona lapicida (1.) vo
vrstve 10, ktord v sticasnej dobe tizemia Slovenska nezasahuje a ako fosilna
vrstva sa vyskytuje predovsetkym v teplych obdobiach starého pleistocénu.
V mladsich travertinoch Liptova ani Spisa sa nevyskytuje. Podobny vyznam
mozno prikladat i ndlezu xerotermného prvku Abida frumentum (Drap.) vo
vrstve 12, ktord je tiez typicka pre starfie interglacidly — aspon pokial ide
o severné Slovensko.

Treba rozlisovat nalezy fauny z penovcovych kaps vo vrechnych narusenych
vrstvach, oznacené v tab. 1 ako horizont 3/K, ktoré sa vyznacuji nedostatkom
vodnych a barinatych druhov (dplne chyba skupina 10 a 9) a prevahou
lesnych drubov, ktoré na rozdiel od podobnych nélezov z vrstvy 10 dodnes
bezne zija v Liptove. Této fauna nesporne zodpovedd zadiatku klimatického
optima niektorého teplého obdobia, nie je v8ak mozné bezpeéne dolozit, Ze
pochddza z obdobia ukladania travertinov. Travertiny pri starom cintorine
v Ludrovej tvoria len malt kopu @ cca 15 m, si malo pevné, velmi pérovité,
svetlej farby. Travertiny Liptovskd Stiavnica sa nachddzajd jz. a z. od obce
(na svahu pod kétou 568 m). Tvoria tu dve kopy @ do 200 m, tesne na seba
uloZené, vycénievajice cca 3 — 5 m nad okolie. Travertin je pomerne kom-
paktny, bielohnedy. Travertiny sa vyskytuji aj tesne pri jz. okraji obce
Liptovska Stiavnica, kde tvoria velkt dosku podlhovastého tvaru (dlhd cca
150 m a Sirokd 40 m) a podobaji sa predchadzajicim. Patri k nim aj dalsie
blizke nélezisko, v ktorom st eSte teraz minerdlne pramene.

Na svahu Pod dielec a Uboéi, ako aj na j. okraji obce st vyvinuté almy
a karbondtové slatiny. Travertiny Vysné Sliace sa sustreduji v. od obce.
Najviac ich je na nevysokom kopei nazyvanom ,,Skala‘ (= Skalica v opise
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L. Ivana). Zapadny okraj travertinovej kopy zasahuje az k v. okraju obce.
Travertin je kompaktny, médlo pérovity, biely, vrstevnaty. Obsahuje faunu
a odtlatky fléry. Je nedostatoéne odkryty. Zatial sa nenasli Ziadne sypké polo-
hy, ktoré by obsahovali faunu.

Na boku tejto kopy sa nachadza kapsa, vyplnend hlinami a sufami. Na ich
baze vystupuje sivohned4 {lovitd hlina s miakkysmi, patriacimi pravdepodobne
do koneénej fazy interglacidlu. Fauna travertinov md interglacidlny rdz (pre-
vaha Heliz pomatis L.), odliSuje sa viak od fiun z lokalit Licky — Skala
a Drienok-vrchol. Zlozenie fauny ndpadne pripomina nalezy fauny z bazy
Pk IV spragovych sérif. Ndlezy fauny s zhrnuté v priloZenej tabulke 2.
V doline pod ,,Skalou* vystupuju este dve loziska travertinov a to ,,Kotlisko™
a ,,Certovica**. Kotlisko tvorf mftva plochd kopa s kotlovitou prehibeninou.
Travertin je bielohnedy, tvrdy. Travertiny obidvoch kép st mladé (holocénuc).

Travertiny Lailky. V priestore obee Licky nachadzaji sa tri generdcie traver-
tinov. Dve lezia priamo pod kdpelmi. Starsia generdcia je na pravej strane
doliny, otvorena lomom pri cintorine a oproti kiipelom, mladsia pod kostolom.
Tedie cez ne potok, ktory tvorf vodopdd. Tretia lezi nizsie od dediny, na favej
strane potoka smerom na Kalameny. Stupen s vodopddom je holocénny (pre-
vazne atlantik a epiatlantik). LoZisko medzi kipelmi a cintorinom nazyvané
,,Skala® mé dva odkryvy; na juhu pri cintorine a na severe pri kiapeloch.
Obidve lokality obsahujt bohatt interglacialnu faunu (tabulka 3) s typickymi
druhmi Helicigona banatica (Rossm.), Pagodula pagodule (Desm.) a Per-
foratella dibothryon (Kim.). V najvrchnejsich vrstvach, ktoré pripominaju
jazernt kriedu nachédza sa druhove bohatéd vodnd fauna, z ktorej si osobitni
pozornost zasluhuje Planorbis carinatus (Miill.). Fauna sa nédpadne zhoduje
s nélezmi z vrcholu Drienku pri Beseiiovej a pripomina posledny interglacial.

Uplne iny charakter mé lozisko nazyvané Skalitky, ktoré sa nachddza nizsie
od dediny. S to kompaktné hrubé lavice travertinov, v ktorych sa objavuju
aj suchozemské druhy ako Tenitoides nitidus (Mill.). Pri hornom konci loziska
vystupuje pomerne mohutnd jazernd krieda, na ktorej je vyvinutd mohutnd
terra fusca (tab.00, obr. 6) s hlbokymi kapsami. Obsahuje vodnt faunu s hoj-
nym Gyraulus albus (Miill.). Skalitky patria pravdepodobne do starsieho
interglacidlu. Druhy zistené na loZisku Skala a Skali¢ky st zhrnuté v tab. 3.

Travertiny Bedefiovd. Travertiny pri Beferiove] tvoria ststavu kép po pravej
strane porieénej nivy Vahu. MoZeme v nich rozli§it tri rozne generdcie. Pruh
travertinov je preruseny pototkom od obce Potok. NajmladSia generdcia je
reprezentovana doposial sa tvoriacimi travertinmi, tzv. ,,tufovymi terasami*
ktoré st §tétnou prirodnou rezervéciou a nikde nie si odkryté. Holocénny vek
tychto travertinov je jednoznacéne dokdzany. Okrem nich patria k holocénnym
travertinom aj mengie loziskd, nachddzajice sa na visku Skala, v nadlozi
starsich travertinov.
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Starsiu generdciu reprezentuji malo porusené sivomodré lavicovité traver-
tiny Skaly, ktoré sii na niektorych miestach odkryté mensfmi lomami. Paleonto-
logicky st pomerne chudobné. Sem-tam sa v nich nachddzaji ulity (Lymnaca)
a snad aj ulomky velkych Helicidov, ktoré by poukazovali na ich prislu$nost
k interglacidlu. Ich celkové pozicia vo vztahu k vyvoju doliny Vahu, charakter
zvetrdvania a ndlezy artefaktov ich zaraduju do posledného interglacidlu
riss/wiirm.

Tretia a najstarsia generacia predstavuje travertiny tazené v kamertiolome
,»Bdna* (foto 7), v zdpadnej casti vrchu Skala. Od predchddzajtcich traverti-
nov sa odlisujé jemnym zvrstvenim. Sa tvrdé, zlatozltej farby, silne rozrugené
pomerne §irokymi puklinami az po podlozie, takZze dochddza k zostdvaniu
jednotlivych kryh po plastickom podlozi. Vyskytuji sa tu tiez travertinové
brekcie. Medzi jednotlivymi kryhami vznikli kapsy so zlozitou vypliou; strie-
dajti sa v nich polohy hlin a sutin, miestami sekunddrne stmelené, ako aj zbyt-
ky fosilnych péd a ich derivity. Niektoré z tychto pod maji vyrazne dervent
farbu. Vysoky stupen mechanického zvetrdvania loziska a pritomnost erve-
nych vyplni viedli k tomu, Ze boli zaradované do starého pleistocénu, priblizne
ako Pazica. Novsie vyskumy vSak dokazujd, ze takéto zaradenie treba pre-
hodnotit, pretoze ide o mladsie travertiny. Ani v tychto travertinoch sa ne-
podarilo doposial najst vhodné fosilérne vrstvy. Zatial nemdme z nich ziadnu
faunu. Pomerne bohatd fauna mékkySov a obratlovcov sa nachddza vo vyplni
puklin.

Travertiny ,,Drienok* pri Bedefiovej. Travertinovy komplex Drienok je od-
deleny od predchadzajacich komplexov dolinnym vrezom. Pevné travertiny
pokryvaji pomerne mala plochu na kopéeku Drienok, dalej sa tam nachddzaja
mladé penovcee a almy, tvoriace rozsiahle lozisko ,,Motiare‘* na tipit{ kopdeka
V oblasti Drienku sa dost vyrazne vyé¢lenuju tri generdcie travertinov. Naj-
starsia vytvara dosku na vrchole kopca. Na vrchu lezi doska pevnych, sdasti
zvetranych travertinov, pokryvajicich savrstvie sypkych penovcov, v podlozi
ktorych st ily a sliene. V sonde (obr. 6) situovanej na vrcholku kopy sa nacha-
dza tepld fauna. Fauna je najbohatsie zastipend vo vrstve penovcov (poukazu-
je na prevahu suchozemskych druhov). Podrobnejsie nélezy fauny st uvedené
v tab. 5.

Mladsia generacia travertinov je najmé na vychodnom a séasti aj na j. Gpati
Drienku. V malom lome na v. Gpéti boli odkryté travertiny s ndlezmi chladno-
milnej fléry a studenej malokofauny sprasového charakteru (Pupilla sp. div.,
Columella columella Mart., Vallonia tenuilabris A. Br.). Tvorba tychto traver-
tinov zapada do glacidlu.

Najmladsie travertiny a penovce sa nachddzaji pri dpiati Drienku, séasti
tiez v nadloZi uvedenych glacidlnych travertinov va vychodnom svahu. Zoz-
nam fauny z tychto travertinov je uvedeny v tab. 5.
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Zhodnotenie fauny. Nalezy ziskané zo sondy na Drienku patria medzi
najbohatgie na Slovensku a v Liptove predstavuji doposial jediny stibor, ktory
ukazuje vyvoj fauny v priebehu interglacidlu. Prevaznd vécsina typickych
interglacialnych druhov, ako s Helicigona banatica (Rssm.), Pagodulina pago-
dula (Desm.), alebo Perforatella dibothryon (Kim.), ako i vécsia ¢ast druhov
skupiny 1 sa ststreduje vo vrstve 2 a je zretelne zastipend i v jej bez'prosffed-
nom podloZf (vrstva 3 a 5). Hlbsie maji prevahu uZ druhy otvorenej krajiny,
od suchomilnych (5) po bohato zastipené spolodenstvd bazin a plytkych vod
(9, 10). Ojedinele sa tu objavuji aj lesné prvky, typické pre teplé obdobia.

Bazélny il (vrstva 11) vykazuje uréité odliSnosti, ktoré sa prejavuja vysky-
tom druhov Discus ruderatus (Fér.) a Vitrea crystallina (Miill.), ku ktorym
hojne pristupuje Bradybaena frutocwm (Miill.). Tento jav spolu s nizkyn%
zastipenim lesnych prvkov svedéi o tom, Ze zmienend poloha uz odpovedd
velmi skorej faze interglacialu, pravdepodobne tesne pred ndstupom podneb-
ného optima.

Studované lozisko patri k tym typom, kde rannd interglacidlna sedimentdcia
CaCO4 dosahuje mali mocnost a prevahu maja vrstvy z klimatického optima,
ktoré nastupuje velmi rychle. Tento typ odpovedd pomerom na ganoveckom
Hrédku a je charakterizovany predovSetkym pre posledny interglacial, ne-

mozno viak vyladit ani teplé obdobie, reprezentované v sprasovych sériach
pedokomplexom PK V.V Luckach takisto ukazuje na posledny interglacial.
Druh4 fauna, ziskand z malej sondy na vychodnom tpéti Drienku je holocénna.

Na zéklade doterajiieho S$tidia sledovaného tseku kotliny, podloZeného
vzéjomnou koreliciou sedimentov, morfologickych foriem a pod., uvidzame
stratigrafické zdvery, a to pre kvartérne i pre pliocénne sedimenty. Tieto zdvery
treba chapat ako predbe#né, pretoze ako sme uz v Gvode uviedli, vo vyskume
budeme pokracovat. .

Zvysky pliocénnych sedimentov reprezentujice predkvartérny 1‘611§f .(po-
rie¢nu roveil) najmi v doline Véhu, sa zachovali blizko rozvodovej Ciary
v strede kotliny. Kopec Bezan tvori rozvodovy chrbdt. Tieto sedimf.mty,
segmentované boénymi lavostrannymi pritokmi Vahu potom podlahli d(.a-
Strukeii sposobenej svahovymi procesmi. UloZené su stupiiovite, tajkie tvorla:
3 resp. 4 terasové stupne. Mocnost ich akumuldeif sa strieda, najvacsin mocnosfi
(do 34 m) dosahujii na kopci Bezan. Podrobnejsie se sa zatial nezaob‘era,h
otézkou ich stratigrafickej prislusnosti. Najnizgie poloZené vrstvy povazujeme
za vrehnopliocénne (levant). Tvoria asi ekvivalenty Strkovych formécii (pol-
tarovskej a koldrovskej). Podobne sme sa nezaoberali ich genézou, predpokla-
dédme viak, Ze maji rie¢no-jazerny vyvoj. .

Kvartérno-geologicky vyvoj tizemia nadvézuje na vyvoj predchadzajtcich
obdobf, prebieha viak v podmienkach vyznaéujicich sa celkovym ochladnuti.m
klimy v cyklickom striedani teplych a studenych obdobi, na pozadi tektonic-
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kych pohybov zdvihového charakteru. Posobenie tychto faktorov sa odraza
v sedimentoch a morfogenéze tizemia.

V dosledku tektonického zdvihu na sledovanom tizemi prebieha postupné
znizovanie eréznych bdz — zarezdvanie dolin Véhu a jeho pritokov, preruso-
vané obdobiami prevladajicej akumuldcie — formovanim terds. Vdaka hibko-
vej erdzii Vahu a jeho pritokov, ktord na skimanom tseku Vahu m4 simerny
efekt cca 100 m a u pritokov cca 70 m, dochddzalo k postupnému formovaniu
dolin. Pritom je treba pocitat aj s procesmi svahovej modeldcie. Doliny boli
oby¢ajne tektonicky predisponované popaleogénnou tektonikou. Pliocénne,
staro a strednopleistocénne sedimenty boli pocas kvartéru najviac rozélenené
erdéziou. Po eréznych fézach na svahoch doliny i na zachovanych akumulaé-
nych zvyskoch dochddzalo na mnohych miestach k tvorbe travertinov.

Sledovanie priestorového rozsirenia pozicie fluvidlnych sedimentov (pro-
luvidlnych a terasovych) Vahu alebo jeho pritokov vo vztahu k travertinom
umozituje ndm urobit (mimo beZnych metéd morfometrickych, petrografic-
kych atd.) urcita stratifikdciu vyvoja fluvidlnych sedimentov, reliéfu, mladej
tektoniky a vébec kvartérno-geologického vyvoja studovaného tizemia. Tento
prvok stratifikdcie na sledovanom tizemi povazujeme za novy. Zaroven vSak
poznamendvame, ze tdto problematika je velmi zlozitd, je v $tddiu rozpraco-
vania, preto uvedené vysledky maju len predbezny charakter.

Na zéklade uvedenych tdajov a v silade s predbeinymi vysledkami analyz
stratigrafické zaclenenie terds a travertinov studovaného tizemia sa javi takto,
Do najstarsieho pleistocénu zaradujeme proluvidlne sedimenty najvysSieho
a nizsieho stuptia, zachované v podlozZi travertinovej kopy na visku Cerend,
vychodne od Ludrovej. Zaradujeme sem aj 3. a 2. vysoku terasu Vahu. Vysoki
terasu 3. (T-VI) korelujeme s najvyssim zbytkom spominanych proluvidlnych
sedimentov, stratigraficky ich zaradujeme do donau. 2. vysokua terasu (T-V)
a nizsi stupen proluvidlnych sedimentov pod travertinmi Cerend zaradujeme
do giinzu. Travertiny na uvddzanom visku povazujeme za interglacidl giinz/
minde].

Do stredného pleistovénu zaradujeme 1. vysoku terasu (mindel). V pripade
jej rozélenenia podla rozdielneho podlozia vysoki terasu (T-IVb) radime do
mindelu; a terasu (T-IVa) do mindelu,. Travertiny — Lu&ky-Skalitky a Vysné
Sliade-Skala (Skalica) zaradujeme do okruhu interglacidlu mindel/riss. Disku-
tabilnd je prislusnost travertinov z lokality ,,Baria‘ pri Befetiovej, ktoré ako
vidime, st tieZ strednopleistocénne (t. j. starSie ako posledny interglacidl).
Do stredného pleistocénu zaradujeme i stredné terasy a proluvidlne sedimenty.
2. strednd terasu (T-III) zaradujeem do rissu; a 1. strednd terasu (T-II) do
rissu,. Do vrchneho pleistocénu zaradujeme travertiny v lokalite v Luckach
na Skale a Drienok pri Beseniovej. Ide o travertiny posledného interglacidlu
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riss/witrmu. Dalej sem zaradujeme (do obdobia wiirmu) dnovt vypli porieé-
nych niv Vahu a jeho pritkov.

Do obdobia neskorého glacidlu a holocénu zaradujeme sedimenty nivnej
facie, zachované na porieénych nivach, travertiny v lokalitdéch Ludrov4,
vychodne od obce pri starom cintorine, v Liptovskej Stiavnici, Vyinych Slia-
doch (Kotlisko, Certovica), v Lii¢kach kaskadu travertinov v potoku, V Mado-
¢anoch, Liptovskej Teplej a v Besetlovej. K holocénu radime aj vacsinu zosu-
nov. Deluvidlne sedimenty povazujeme hlavne za produkt vrchného pleistocénu
a holocénu. U eluvidlnych sedimentov vek neuréujeme, oznatujeme ich za
kvartérne, pretoze sa tvorili v Sirokom ¢asovom intervale.

V priebehu tlate bola v opustenom lome na dolomity pri Liskovej, ktory
lezi medzi Lieskovskou jaskynou a vapencovym lomom pod dedinou Martincek,
zistend mocnd fosiliférnd séria. Na béze lezia hrubé vazske strky s valinmi
melafyrov vo vyske asi 18 m nad Vdhom. Na nich lezi mohutné stvrstvie
svahovych suti s malakofaunou. Bezprostredne na vazskej terase lezi tenkd
poloha sprasovitej hliny s druhmi Pupilla sterri (Vth), P. muscorum (L.),
P triplicata (Stud.), Orcula dolium (Drap.), Vallonia costata (Mill.) a Clausilia
dubia Drap. — teda spolocenstvo este chladného obdobia. Nad 1ou je poloha
hrubej sute, ktord obsahuje jednak prvky interglacidlne, ako Acicula polita
(Htm.), Ruthenica filograna (Rssm.), Ena montana (Drap.), Isognomostoma
holosericum (Stud.), Carychium tridentatum (Rsse), Cochlodina cf. laminata
(Mtg.) a degopinella cf. nitens (Mich.), jednak druhy zodpovedajtce skor
prechodnym fazam:Busulus varians (C. Pfr.) (druhy ndlez z pleistocénu),
Bradybaena fruticum (Mull.), Euomphalia strigelle (Drayp.), Clausilia pumila
C. Pfr., Truncatellina cylindrica (Fér.), Abida frumentum (Drap.), Perforatella
bidentata (Gm.), Orcula doliwm (Drap.), Vitrea crystallina (Mull.), Vallonia
costata, (Mill.), Clausilia dubia (Drap.), Pupilla sterri (Vth) a P. triplicata
(Stud.). Z vodnych boli zistené Lymnaea truncatula (Miill.) a rieéne 4Ancylus
Sfluviatiles Mill., ktory dokazuje bezprostredny vztah k fluvidlnej akumuldcii.

V bezprostrednom nadlozi zmienenej terasy, podla A. Droppu starorisskej,
je teda dolozené stvrstvie teplého obdobia, ktorého minimalny vek je pred-
posledny interglacial. Profil mé mimoriadny vyznam pre datovanie liptovskych
terds a je podrobne spracovany.
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J. Vagkovsky — V. Lozek: Liptov travertines Pl. LIIT

Fig. 1 View of the western wall of the travertine heap at the hill Cerend near Ludrova

(compare the sketch of the wall — text-fig. 5) .

Obr. 1 Pohlad na zédpadni stenu travertinovej kopy na visku Cerend pri Ludrovej
(porovnaj naért steny — text. obr. 5)

R~

Fig. 2 Weathered surface of travertines with terra fusca on travertines of the hill Cerend
Obr. 2 Zvetrany povreh travertinov s terra fusca na travertinoch Cerend pri Ludrove]



J. Vaskovsky — V. Lozek: Liptov travertines Pl. LIV J. Vadkovsky — V. Lozek: Liptov travertines Pl. LV

.1 Pt "
¢ky — quarry near the cemetery

Flg 1 Annual rhythmus in 1ntergla01al travertmes in Lt
(Skala)

Obr. 1 Roéné rytmy v interglacidlnych travertinoch v Luckach

cintorine (Skala)

Fig. 1 View of crater type travertines — Certovica near Vyiné Sliade

Obr. 1 Pohlad na kraterovy typ travertinov — Certovica pri Vy$nych Sliadoch
— kametolom pri

Fig. 2 Lucky — Slsala (quarry near the cemetery). Rich herbaceous vegetation on inter-
glacial travertine surfaces L » S .

Obr. 2 Lucky — Skala (kam.eflolom pri cintorine). Bohat4 bylinné vegetécia na plochéch Flg Luacky — Skahcky Terra fusca on the lacustrine chalk (calcareous mud)
interglacidlnych travertinov Obr. 2 Lutky — Skali¢ky. Terra fusca na jazernej kriede



J. Vaskovsky — V. Lozek: Liptov travertines

Fig. 1 View of the top of the traver-
tine heap Besenovéd—Baéna; += fil-
ling of earlier fissure (MF 1, MF 2);
X = filling of Holocene fissure
(MF 3)

Obr. 1 Pohlad na vrchol traverti-
novej kopy Beseniovd-Bana+ =vy-
phi starsej rozsadliny (MF 1, MF 2;
X = vypli holocénnej rozsadliny
(MF 3)

Pl. LVI

<1

Fig. 2 Perforatella dibothryon (Kim.)
from the top part of the Drienok tra-
vertines (8,2: 10,7 mm)

Obr. 2 Perforatella dibothryon (Kim.)
z vrcholovej éasti travertinov Drienok
(8,2 : 10,7 mm)



