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INTRODUCTION

The present study is a summary of the first results of lacustrine se-
diment investigations carried out within a Polish-Swedish joint research
programme during 1988—1989 in the Polish Tatra Mountains. The lacu-
strine sediments in the Polish Tatra Mountains have been studied du-
ring the last 30 years. In 1974—78 expeditions of the Warsaw Univer-
sity were led by Prof. J. Kondracki (Series in Geography, 1984,
ed. Warsaw University Press). Sediment cores, 2—3 m thick, were taken
from lakes in the Ggsienicowa valley as well as in the valley of Five
Polish Lakes. The deposits in the different lakes have the same general
character. The upper most part (ca 1 m) contains gyttja with 15—30%
organic confent. Below the gyttja the sediments are mainly built up by
minerogenic material with less than 5% of organic content. The boun-
dary between the two different layers is very distinct. Two radiocarbon
dates from the boundary zone are available, 10 100 =140 BP (ITA 1005)
and 9900 BP +120 BP (ITA 1006) (Wicik 1979, 1984).

AIMS AND STUDY AREA

The aim of this study is twofold as it is focused on both paleogeogra-
phical reconstructions of Late Glacial and Holocene environmental chan-
ges as well as upper Holocene slope process activity reflected in the lacu-
strine sediments. This paper is focused on the youngest lacustrine sedi-
ments. During the field studies sediment cores were taken from Czar-
ny Staw Ggsienicowy Lake and Zielony Staw Gasienicowy Lake.

Bigger lake — Czarny Staw Gasienicowy — is surrounded by steep
alpine cliffs, rocky slopes and talus slopes. The lake is located 1621 m
above sea level. Its maximum depth is 51 m. Bathymetry of the lake
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Fig. 1. General geomorphological map of upper Ggsienicowa valley, showing the
location of the lakes Czarny Staw Gasienicowy (A, B, C sampling points) and Zie-
lony Staw Ggsienicowy (D sampling point). 1 — rockwall or rocky slope, 2 — sum-~
mit, 3 — pass, 4 — talus cone, 5 — alluvial cone, 6 — terrace, 7 — lake, 8 —
episodical stream, 9 — moraine ridge, younger generation (A), 10 — moraine ridge,
older generation (B), 11 — rock glacier, 12 — block field, morainic, 13 — upper
timberline
Rye. 1. Szkic geomorfologiczny goérnej czesci doliny Gasienicowej pokazujacy poto-
Zenie Czarnego Stawu Gasienicowego (miejsca poboru prob A, B, C) i Zielonego
Stawu Gasienicowego (proba D). 1 — S$ciany i stoki skalne, 2 — wierzcholek, 3 —
przetecz, 4 — stozek usypiskowy, 5 — stozek naplywowy, 6 — terasa, 7 — jezioro,
8 — potok okresowy, 9 — waly morenowe mlodsze (A), 10 — waly morenowe
starsze (B), 11 — lodowiec gruzowy, 12 — pola blokowisk, 13 — gbérna granica lasu

show that the bottom basin has the shape of a deep longitudinal trough.
During periods or events of intense slope process activity, the surroun-
ding slopes supply sediments to the lake. Therefore, these sediments
should be possible indicators of past and present geomorphic processes
in the nearest surroundings of the lake basin (Fig. 1 and 2).



Fig. 2. Detail geomorphological map of Czarny Staw Ggsienicowy. Explanations on
Fig. 3

Ryc. 2. Szczegélowa mapa geomorfologiczna otoczenia Czarnego Stawu Gasienico-
wego. Objasnienia na Ryec. 3

Smaller lake — Zielony Staw — is located 1671 m above sea level.
Its maximum depth is 15.1 m. This lake is less affected by geomorphic
slope processes at present. Lichenometrical studies has shown that im-
portant debris flow tracks were triggered on the slopes during the Little
Ice Age (Kotarba 1989). Nowadays, there is no substantial sediment
supply to the lake from slopes (Fig. 3).

Both lakes are located above timberline in the dwarf pine zone. The
landform system is characterized by glacial valley bottoms, locally over-
deepened, mantled by glacial, glacifluvial and colluvial deposits and filled
with lake water (Fig. 1). The mean monthly temperature of the coolest
month — January is —8.5° C while the temperature of the warmest
month — July is 8.2° C (Hess 1965). Elevational position of the lakes
correspond with annual isotherm of 0° C.

Cores were taken from positions where the lakes are in connection
to the surrounding slopes. The sampling positions are located far away
from the inlets of streams. This means that periods or events of debris
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Fig. 3. Detail geomorphological map of Zielony Staw Gasienicowy. 1 — rockwall or
rocky slope, 2 — debris-mantled slope, 3 — Richter-denudational slope stabilized
by vegetation, 4 — block slope, 5 — convex break on rockwall or rocky slope,
6 — convex rounded break, 7 — gravity sorted talus slope, 8 — gravity sorted
talus cone, 9 — alluvial talus slope, 10 — alluvial talus cone, 11 — rock slide/rock-
fall slope, 12 — rocky gorge, 13 — chute cut in solid rock, 14 — debris flow gullies
and levees and tongues, 15 — permanent stream, 16 — roche mutonée, 17 — mo-
raine cover with distinct ridge, 18 — sediment supply to lake, 19 — location of
sediment core

Rye. 3. Szczegblowa mapa geomorfologiczna otoczenia Zielonego Stawu Gasienico-
wego. 1 — S$ciany i stoki skalne, 2 — stoki gruzowe, 3 — stoki Richterowskie
ufrwalone ro$linnoscig, 4 — stoki okryte blokami, 5 — zalomy wypukle na g$cia-
nach lub stokach skalnych, 6 — zalomy wypukle zaokraglone, 7 — stoki gruzowe
grawitacyjne, 8 — stozki gruzowe grawitacyjne, 9 — stoki gruzowe modelowane
przez splywy, 10 — stozki gruzowe modelowane przez splywy, 11 — stoki grawita-
cyjne obrywowe, 12 — gardziel skalna, 13 — :ileb skalny, 14 — rynny splywoéw
gruzowych, waly i jezory, 15 — staly odplyw, 16 — wyglady lodowcowe, 17 — po-
krywy morenowe z wyraZnymi walami, 18 — miejsca dostawy osaddéw do jeziora,
19 — lokalizacje pobranych rdzeni

flow activity should be visible within the lake sediments as turbidity
current layers of sandy or silty material, depending on the distance from
the slopes and magnitude of the debris flows.

In a previous work by Jonasson (1988), similar sedimentological
conditions were found in a Norwegian lake on the Andoya island in nor-
thern Norway. The similarities between this lake and the two investiga-
ted lakes in the Polish Tatra Mountains are more than one;

— there are no present-day glaciers bringing sediments to the lakes,
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— the uppermost layer contains gyttja with distinctive layers of mi-
nerogenic material,

— active debris flow slopes are in close connection to the lakes,

— the lakes are all situated close to the water divide and have small
drainage areas.

METHODS

The sediment cores were collected by using a gravity corer develop-
ed at the Institute of Physical Geography of Uppsala University
(Axelsson 1979; Axelsson and Hékansson 1972, 1978). The
equipment consists of rectangular, exchangable coring tubes, which are
screwed into a corer head, fitted with a valve system. Lead weights,
5—20 kg, are added to a movable brass frame mounted on the coring
tube. In this study 10 kg lead weights were used that caused sediment
penetration down to about 30—40 cm depth. The total diameter of the
equipments is less than 17 ¢m, which makes it easy to take samples from
lake ice by using a standard 20 cm ice-driller (Axelsson and HA4&-
kansson 1972).

The valve system allows the water to flow through the corer while
the coring tube penefrates the sediment. This technique will diminuish
the disturbances, caused by sampling, of the water rich uppermost sedi-
ment. As the corer is lifted after sampling, the valve system will imme-
diately close and create a vacuum which prevents the sediment core
from sliding out of the coring tube. After sampling, the sediment core
is brought to the laboratory in an upright position in order to avoid di-
sturbance of the sediment structures.

The rectangular coring tubes, 34 mmX64 mm, are made of 4 mm
acrylic glass and are specially designed for X-ray radiography scanning
of the cores. The dimension of the coring tubes are found to be a good
compromise between the need for a relatively large cross section to wall
thickness ratio in order to avoid deformation and compaction of the se-
diment during coring and the desire for a relatively thin coring tube for
core scanning by X-radiography (Axelsson and Hadkansson 1978).

X-ray radiography of the sediment cores is utilized to reveal the ver-
tical bulk density variation and the structures of the sediment layers.
It is a fast, non-destructive scanning and recording technique. The infor-
mation about sedimentary structures provided by X-ray radiographs is
obtained before the sediment core is taken out from the coring tube.
The technique is, therefore, especially valuable when studying the up-
permost, often very soft part of a deposits (A xelsson 1983; Axels-
son and Hindel 1972).
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The absorption of the X-rays is dependent upon the wavelength of
the radiation, the density and thickness of the sediment and the atomic
number of the absorbing material. Different material within the sediment
core will cause variable darkening of the X-ray film. Structure varia-
tions less than 1 mm will be visible on the X-ray film. Thin layers con-
taining material of high density will be easily detected. These kind of
structures are generally not revealed by other method of analysis. All
sediment cores were investigated twice, therefore, curves demonstrated
on Figs. 5—38 are double drawn.

Layers recognized within sediment cores on the X-ray films were
investigated in term of loss of ignition (450° C) and grain-size composi-
tion. Wet sieve analysis was used for determination grain size of par-
ticles 0.125 mm and 0.063 mm. Percentage of grains coarser than
0.125 mm: fine sand and medium sand, as well as silt and clay content
was calculated. Silt and clay content was determined by using a Sedi-
graph Particle Size Analyzer. Sedimentation rates of particles in suspen-
tion were automatically presented as a cumulative mass percent di-
stribution.

SEDIMENT CORES FROM CZARNY STAW GASIENICOWY

Core A, 44 cm thick was located at the depth of 46.16 m and at a di-
stance of 200 m from a small inlet — mountain stream draining the
uppermost part of the valley which has an area of about 2 km?® Core B,
32 cm thick taken from the depth 47.75 m was located 350 m from the
inlet, while core C, 33 cm thick was taken from the depth of 38.72 m
and 550 m from the inlet and 150 m from the rocky threshold limiting
the lake from the north. Bulk density of the sediments is similar for
the cores: A — 1.15 g/em®, B — 1.23 g/em® and C — 1.15 g/em®. In
core A, 12 layers were distinguished (A i) (Fig. 5), respectively in the
next cores 15 layers (B 1-15) and 13 (C 1—13) (Fig. 6 and 7).

- As indicated by the environmental characteristics of the lake there
are no sedimentological differentiation in terms of a proximal — distal
system. This shows that the small stream has a very limited influence on
the sedimentation. This stream has formed only small alluvial cone, 5 m
long, built up by gravels and very coarse sand. The basin morphology is
rather simple; a longitudinal trough is flanked by steep (30°) lateral slo-
pes (Fig. 4). Bathymetry dees not reveal any delta type features. Analysis
of the bathymetry of the lake and inspection of the cores revealed trans-
versal sediment supply to the lake from alpine cliffs, rocky slopes and
talus slopes, especially from the Koscielec Mt. 2155 m. The sediment
supply from the opposite slope is limited by moraine ridges (Fig. 2). Se-
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Fig. 4. Cross profile of Czarny Staw Ggsienicowy showing sampling site C
Ryc. 4. Przekr6j przez Czarny Staw Gasienicowy z lokalizacja rdzenia C

Photo 1. Talus cone below Kosécielec Mt. affected by debris flows, supplying Czar-
ny Staw Gasienicowy with sediments (photo by M. Kot 9 VI 1986)

Fot. 1. Stoki gruzowe ponizej Koscieleca, modelowane przez splywy gruzowe dostar-
czajace osaddéw do Czarnego Stawu Gasienicowego

diment supply to the lake basin is closely related to debris flow activity
(see Fig. 2 and Photo 1). This is well visible in the core C, located at
front of the talus cone just below the Karb Pass (1852 m a.s.l) within
the crystalline bedrock strongly shattered and enriched with mylonites.
Core C was taken 125 m from the shore formed by talus cone and in-
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Photo 2. Talus cone near Zielony Staw Gasienicowy. Debris flow frucks were ge-
nerated during the Little Ice Age (photo by M. Kot)

Fot. 2. Stoki gruzowe blisko Zielonego Stawu Ggasienicowego. Rynny splywiw
gruzowych powstale w czasie Malej Epoki Lodowej

tensively modelled by slope processes. Core B represents sedimentolo-~
gical conditions typical for the central, deepest point of the trough. Core
A represents similar conditions, but in this part of the lake, the se-
dimentation was disturbed by falling stones or local mass movements
(layers 18—22 cm below the bottom). The event recorded in the sedi-
ment structure destroyed the upper layers in the core A. Non-laminated
unstructural sandy silt material (0—14 cm) filled small “hollow” within
the sediment. The lower portion of the filled hollow contain only 20—
—25% of silt and 75—80%% sand (up to 40% sand, of the diameter coar-
ser than 0.125 mm). This suggests gravitational sorting of the material.

CORE B

This core taken from central part of the lake, 150 m from the shore-
line is characterized by alternating sandy silt and silty sand layers. The
sandy layers are 0.8—2.5 cm thick and contain 75—85% of sandy frac-
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tion; where 35—63% is coarser than 0.125 mm (Fig. 6). Within these
sandy layers the amount of organic matter is very small; 3.5—6%, while
within sandy silt layers organic matter is higher, up to 13—16%.

Within core B one can distinguish the upper section 0—10.5 em thick
built of fine sand (20—30%) and containing 11.5——13% of organic matter.
Below this section f{wo layers of alternating sandy and silty layers are
evident. Layers of fine or medium sand are well recognized on the densi-
tometric curve. Distinct layers of up to 3 cm thick contain 60—65% of
silt and clay and 13—16%¢ of organic matter. Within more organic layers
quartz grains are visible (Bs;, Bs, Bs). Within the layers where fine and
medium sand dominate one can distinguish horizontal structures, under-
lined by dark discontinuous interlayers containing higher amounts of
organic matter. Some inorganic layers are rich in silt (Bus, Bs). Within
the lower section of the core B, 9.5—32 cm one can easily recognize five
sandy “events” (Bs, B:;, Bs, Biz, Bis) and cne silty “event” (Bw) (Fig. 6).
Mineral layers 1—4 cm thick containing thin organic laminae should be
interpreted as layers recording periods characterized by frequent extre-
me events on the slopes surrounding the lake, while the layers rich in
organic matter (Bs, Bs, Biz, Bu) seem to be compatible with quiet periods,
without extreme events. Within core B there are no distinguish varve-
-like pairs.

CORE C

Within core C, numerous distinct layers can be observed on the X-ray
film (Fig. 7). There are sandy layers Cs, Cua, Cin and silty layer Cu
containing less than 5% of organic matter and different but low bulk
density layers Cs, Cs, Cr, Cv and Cis with organic matter 7—11% con-
taining coarser particles.

The organic matter content of the upper most 8 cm is 11—16%. This
section contains 75—=88% of silt and clay. Such high content of very fine
particles is interpreted as a rather quiet sedimentological environment.

Various sedimentological conditions recorded in the core are repre-
sented by turbidity current deposits. This suggestion is additionally con-
firmed by large amounts of small, mainly 1—2 mm particles, sometimes
up to 2 cm in diameter. These particles are interpreted as drop stones.
Such layers as Ci, C;, Cs5, Cr, Cu, Ciz contain angular debris related to
more active debris slopes, could be interpreted as ungraded, chaotic struc-
fures. Fresh mica particles confirm our conclusion that the main source
area for the deposition in this part of the lake is the lithologically weak
zone of the Karb Pass, and the alluvial talus cone below.
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CORE A

The lower undisturbed section of the core (29—44 cm) is similar to
core B in terms of sandy and silty material content. The X-ray radio-
graph show existence of sandy layers up te 1 cm thick, with low con-
tent of organic matter (4%). Within silty sand layers, organic matter
content is higher (13—20%).

In the middle section (18—29 c¢m) there is a disturbance, that has
destroyed some layers. The vertical features are filled with sand.

The upper, structureless section contains 50—60% of silty and clayey
material. Organic contant is 15—24%. When comparing grain-size distri-
bution in the upper structureless section and lower filling of the “hol-
low”, it is easy to observe that gravitation sorting has taken place. In
the lower part of the filling 80% is sandy fraction, while the upper part
only contains 47%. Core A presents the result of one big “event” which
destroyed some layers.

A comparison of the sediments in core B and C shows the differen-
ces in the sedimentological environments of the deepest portion of the
trough (48 m) and in the trough at a depth of 33 m in the zone of
lake shallowing at the front of alluvial talus cone below the Karb Pass.
These differences could also be connected with different kind of mate-
rial supplied to the lake. The talus cone in the centre of the western
shoreline supply another fraction than the more weathered, but irequen-
tly active alluvial talus, below the Karb Pass.

In both cores we have distinguished an upper section indicating
a quiet, younger sedimentation, and a lower one, recording extreme “ca-
tastrophic” events or periods on surrounding slopes.

It is an interesting finding, that during periods of quiet sedimenta-
tion, characterized by high content of organic matter, one generally ob-
serves deposition of coarser material in the central part of the lake (in
core B — 35—45% of the material was coarser than 0.063 mm) in com-
parison with quiet sedimentation below the Karb Pass (22—32% of the
material coarser than 0.063 mm). This regularity is also visible in the
uppermost section of the cores. An explanation of this phenomena is as
follows; the central part of the lake is supplied with sediments from
debris flow generated on talus slope located below Koscielec Mt., built
of coarser material, while the alluvial talus cone below the Karb Pass
contain finer debris conditioned by local lithology. It is also interesting,
that in core C (125 m from the shore line), where we observe generally
finer material in comparison with core B (150 m from shore line), nu-
merous layers of angular particles, up to 1-—2 cm, are to be seen in un-
graded layers. This could be explained by the influence of smaller di-
stance from the shore line in the case of core C or more active zones
with frequent turbidity currents.
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SEDIMENT CORE FROM ZIELONY STAW GASIENICOWY

The core was taken from the central, deepest (13.7 m) part of the
lake basin. In the core (D), 37.5 cm thick, 11 layers were distinguished
(Di—u). Silt and clay particles dominate (80—95%). Fine sand content
is up to 23%b, while medium sand content is less than 3% (Fig. 8). Bulk
density is 1.14 g/cm® When comparing grain size composition and organic
matter content in the core, one can distinguish three sections related to
the different supply condition to the lake. The upper section (0—9 cm)
contains up to 3% of sand and relatively high amounts of organic matter
(16—18%). The middle section (9—23 c¢m) contains up to 20% of fine
sand and only 7—10% of organic matter. In the lower section fine sand
content is 18—22%, and mineral matter content reach 20%. Densitome-
tric analyse of X-ray films shows in the middle section 8 mineral layers
seperated by dark organic layers. In the lower section between 23 and
37.5 cm, it is possible to distinguish only 2 more mineral layers, con-
taining up to 15% of organic matter. Sandy layers are 0.5—1 em thick
and free of coarse sand. This fact suggests that during periods of sandy
layer deposition the same source of sediment supply to the lake existed
and the amount of material supplied to the lake was changed in time
only.

Aeolian material deposited at present close to the lake and investi-
gated by Izmaitow (1984) was compared with grain-size composition
of lacustrine sediments. This comparison shows that aeolian material is
not an imporfant component of sedimentation in the lake. According to
Izmailow’s measurements, sand and gravel was deposited by aeolian pro-
cesses. Silt material is probably transported for a longer distance.

It should be an accepted view point, that sediment supply to the lake
shows the effect of high-energy, slope processes, especially debris flows
and slope wash. Sediments represent lake deposition in the central, dee-
pest point, which is separated from the basin platform at the depth
of 5—17.5 m from the western side, and 10—12.5 m from the eastern side.
Mineral layers contain horizontal or sub-horizontal, very thin lamina,
well visible on radiographic images. Thickness of mineral layers is diffe-
rent according to the rate of sedimentological processes. Content of me-
dium and fine sand in mineral layers is similar as in more organic layers
of the lower core section. This fact can be explained by bottom dyna-
mics; the central deepest point of the lake was reached only by finest
material, both during periods of quiet sedimentation and during periods
of extreme events on the surrounding slopes. Very distinct mineral
layers (silty, clayey deposits) are interpretated as underflow turbidity
currents, reaching the central portion of the lake in suspension. There
is no visible coarse-grained rapidly accumulated material. Probably, gra-
ded depositional features typical for discontinuous influx of turbidity
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currents are to be recoghized on the flat basin platform. This was con-
firmed by the analysis of a sediment core taken from the lake in 1989.

The sediment core taken from Zielony Staw Gasienicowy was dated
in Radiocarbon Laboratory in Gliwice, Poland. The age of the lower-
most layer, 34—37 cm below the actual lake bottom is 1760+ 150 years
BP (Gd—4407). It means that mean rate of deposition is of the order of
0.2 mm per year. The same rate was established by Wicik (1984) for
Zielony Staw Ggsienicowy and for Przedni Staw in the valley of Five
Polish Lakes, for the whole Holocene, i.e. from the Youngest Dryas up
to the present. This value is at about 10 times greater than the value
of present-day aeolian deposition calculated by Izmailow (1984) for
the nearest surrounding of Zielony Staw (13—45 g/m® or 0.01—0.04 mm
per year). These values suggest that the aeolian supply of mineral mat-
ter to the lake is not important in terms of a total sediment supply to
the lake. The main source of minerogenic sediment supply to the lake is
connected with debris flow activity, melt water transport and dirty ava-
lanches. Even if snow avalanches never reach the centre of the lake, one
can observe redistribution of dirty avalanche material over the whole
lake on ice pieces drifting on the water during spring, and supplying
lake basin with drop stones (layers Dw and Ds). Sediment sypply to the
lake by fluvial transport by mountain streams is of less importance
(Fig. 3).

The middle section of the sediment core is correlated with intensive
debris flow activity on the surrounding slopes during the final stage of
the Little Ice Age. These slopes were very much changed by debris flow
tracks (distinct troughs, levees and tongues) dated by lichenometry for
the first half of the nineteenth century. These debris flow features were
much bigger than present day features in terms of size, volume and
extent (Kotarba 1989). In this context, calculated rate of sedimenta-
tion in central part of the lake (0.2 mm per year) have more statistical
than real physical sense. Turbidity currents connected with the Little
Ice Age produced sediment layers much faster than the above value
suggest.

CONCLUSIONS

In the paper we have concentrated our description on the youngest,
up to 45 cm thick, upper Holocene deposits from two lakes situated
above timberline in the Polish Tatra Mountains. This high-mountain en-
vironment, free of glaciers, have no sedimentclogical evidence to di-
stinguish between the proximal and distal parts of sedimentation, in
terms of classical terminology of lake environments. Present-day per-
manent streams entering the lakes are free of suspended matter. Sedi-
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ment supply to the lakes is controlled by active debris slopes which are
in connection with the lakes. A significant component of the sedimen-
tary record in the high alpine lakes is related to episodical extreme
events on slopes, first of all, debris flow activily. Aeolian supply is of
secondary importance.

Czarny Staw Gasienicowy and Zielony Staw Ggasienicowy are sup-
plied with sediments mainly by melt water and debris flows generated
on talus slopes. Both sediment supply and sediment dynamics in the two
investigated lakes are different. Czarny Staw Gasienicowy is supplied
with sediments directly from talus cones. The rate of sediment yield in
the past and at present is greater than in Zielony Staw Gasienicowy,
where surrounding slopes are partly isolated from the lake by a mo-
raine ridge. Also, the shape of the lake basin in Zielony Staw, makes fa-
vourable conditions for sediment diversity. The central, deeper part of
the lake is supplied with silty material only, while coarser material is
trapped on the platform. The steep, underwater slope (30°) below Ko-
$cielec Mt. in Czarny Staw makes it possible to displace different ma-
terials into the trough. Typical varve-like sediments are not found in
the cores.

Grain size changes in the cores are interpreted as sedimentation va-
riations during quiet periods, separated by periods with extreme events.
Sediment deposited during quiet periods are rich in organic matter (13—-
—20%), while sandy layers, sandy-silty and silty layers only contain
1—5% of organic matter. In some sections of the sediment cores, turbi-
dity currents are documented. In the case of active supply from the
cone built of finer material, the chaotic ungraded sediments with coarse
particles on the distance of about 125 m from the shoreline were obser-
ved (core C). This concerns also the layers with relative high organic
content up to 16%. In the case of supply from a talus cone built of
coarse material, the turbidity currents can transport mainly fine sand and
silt material at a distance of about 150 m (core B). The peaks on densi-~
tometric curve are interpreted as periods with numerous extreme events.
Some peaks are relatively broad or consist of several smaller culmi-
nations.

All sediment cores are characterized by an upper section 8—10 em
thick, representing the quiet, youngest sedimentation period and a lo-
wer section characterized by differentiated sedimentation caused by re-
latively higher intensity processes. In Zielony Staw, 8 such layers (core D)
were found, in Czarny Staw, 7 layers (core B), and respectively 10 layers
in the core C. In Zielony Staw, the third lowest section was found, whe-
re the quiet sedimentation period was marked. In this section only two
distinct sandy events were observed.

Radiocarbon dating in the lowermost position of core D makes it
possible to conclude that these two events mentioned above happened
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before 1760 years BP. Lichenometric studies on talus slope above Zielo-
ny Staw (Kotarba 1989) make it possible to correlate the middle sec-
tion of core D with the Little Ice Age. Therefore, we can conclude that
sediments located 10 cm below the bottom of Czarny Staw are also re-
lated to the Little Ice Age. At that time substantial debris flow activity
was recorded on the slopes.

The mean rate of deposition in Zielony Staw (0.2 mm per year) gives
only a general idea about sedimentation rate. Real values were chan-
ging in time, and even one big event on a slope was able to produce
a 2 cm thick layer (sedimentological unit) in the lake.

First results of research in these dimictic and oligotrophic lakes in
the Tatra Mountains lead to the conclusion that the most significant com-
ponent of sedimentation is debris flow activity on slopes.
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STRESZCZENIE

M. Baumgart-Kotarba, Chr. Jonasson, A. Kotarba

Badania mlodych esadéw jeziornych w Tatrach Wysokich

Celem artykutu jest przedstawienie zréinicowania sedymentacji miodych osa-
déw jeziornych w $§wietle analizy materialu z 4 plytkich rdzeni, do 45 cm diugo-
§ci. Rdzenie pochodza z dwoéch poglacjalnyeh jezior poloienych ponad gbérna
granicg lasu (Ryc. 1). Misa Zielonego Stawu Gasienicowego posiada centralng gle-
bie do 15 m i rozlegly platforme o glebokosci 8—10 m (Ryc. 2). Rdzen pobrano
z misy centralnej. Mise Czarnego Stawu Gasienicowego stanowi pcdiuzna, gleboka
do 50 m, rynna glacjalna (Rye. 3), w ktorej profilu podiuinym pobrano 3 rdzenie.
Oba jeziora zasilane sg glownie wskutek procesow stokowych, w szczego6lnosci przez
splywy gruzowe na stozkach i spilukiwanie w czasie roztopow. Zaréwno warunki
dostawy, jak i osadzania sie w obu jeziorach sa rézne. Czarny Staw zasilany jest
bezpoérednio ze stozkoéw i wielko§é tego zasilania w przeszlosci i wspodlczesnie jest
zdecydowanie wigksza niz dostawa do Zielonego Stawu ze stokéw bardziej odda-
lonych i czeSciowo odcietych walem morenowym. Konfiguracja misy jeziornej Zie-
lonego Stawu powoduje, ze centralng glebsza czes$é osiagajg tylko utwory pylaste,
a grubsze zatrzymujg sie przypuszczalnie na platformie. Stromy stok podwodny
(30°) Koscielca w Czarnym Stawie ulatwia transport i przenoszenie materiatu
w strefe dna rynny.

Charakterystyczny jest brak typowych warw, a zmienno§¢ granulometryczna
osadéw odzwierciedla okresy spokoiniejsze od okreséw ze zdarzeniami katastrofal-
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nymi. W osadach skladanych w okresach ,spokoju” wiekszy udzial maja czedci or-
ganiczne (13—20%,), podczas gdy warstwy piaszczyste i piaszezysto-pylaste i py-
laste maly (1—5%). Przypuszczalnie wiekszoéé zdarzen odnotowana w osadach jest
zwigzana z glebokimi splywami gesteSciowymi osadéw (turbidity current under-
flow). Warstwy mineralne sg rezultatem albo pojedynczego zdarzenia i wtedy wy-
stepuje grawitacyjne rozwarstwienie osadu, albo okresu z wickszg czestatliwoscia
splywoéw gruzowych na stokach, co zdaja sie poiwierdzaé subhoryzontalne smugi
organiczne, rozdzielajace osady mineralne. Datowany C14 spag rdzenia D z Zielonego
Stawu na 17601180 (Gd-4407) pozwala obliczyé $rednie tempo sedymentacji za fen
okres na 0,2 mm/rok. Jest to warto§é Srednia, a wiadomo, Ze pojedyncze zdarze-
nia mogly, osadza¢ warstwy do miaZzszosei 2 i wiecej centymetrow.

We wszystkich rdzeniach (Ryec. 4—7) mozna wyr6znié 2—3 cziony. Gorny o miaz-
szosci 8—10 cm reprezentuje spokojng, najmlodsza sedymentacje. Nizej lezgcy czion
rejestruje zréinicowang sedymentacje, $wiadczgca o wigkszej intensywnosei pro-
cesdw na stokach i w jeziorze. W tym czlonie wystepuje 7T—10 warstw bardziej
mineralnych (maksyma na krzywej densytometrycznej). Tylko w Zielonym Stawie
mozna wyrdzni¢ trzeci czion wecezesniejsze] spokojnej sedymentacji. Przypuszczaé
nalezy, ze osady ponizej 10 ¢m mozna odnies¢ do Malej Epoki Lodowej, kfora za-
znaczyla sie wzmozong aluwiacja na stokach, udokumentowang dzieki badaniom
lichenometryecznynt na stozkach gruzowych (Kotarba 1989).

PE3IOME

M. Baymrapt-Korapba, X. Mouaccon, A. Korapba

VICCIEJOBAHUSA MEJKUX O3EPHBRIX OTJOXKEHUM B BBEICOKUX TATPAX

Ienb HACTOAWIEH CTATbM — MOPEACTABMTL IUuepenlManuio B CeNMMeHTaLMM
MOJIOZABIX O3EPHBLIX OTIOMKEHMII B CBeTe aHaaM3a MmaTepMaida M3 4 MeNKMX KEepPHOB
A0 45 cv moiHocTy. KepHb! B3ATHI U3 [ABYX INCCTIVIALMANBLHBIX O3EP, DACIOJOIKEH-
HBIX BBIIle BepxHei rpamnnsl jgeca (Puc. 1), Yama 3eqenoro [omcenniiesoro IIpyza
JOCTUIEET B CBOEI LEHTpPaJbHOM HacTM raybuuy mo 15 M, a ofumipuas nuardop-
Ma — 8~—10 M (Puc. 2). Kepu Obln B3ATBII M3 NEeHTPaabHOM wamm. Yama HepHOro
Toncernunonoro IIpyna — 9T0 IIPOZJOJITOBATHIN, Iay0okuit Ha 50 M IIALMANIBHBIN 2Ke-
106 (Puc. 3), ¥3 NIPOAOJBLHOrO npotmaa KoToporo 6mliu B3aTel 3 Kepuwl O6a o3epa
OMATAIOTCA, KAk INPaBUJO, B Pe3yJbTaTe CKJIOHOBBIX IIPOIIECCOB, B YACTHOCTH —
rpsa3eKaMeHHBIX HOTOKOB Ha KOHYyCaX M CMbiBa BO BpemMa TaauuA cHeros. U ycio-
BUS JAOCTaBKM M YCIOBUA ocaxieuusa B o0omx o3epax pasauyuHbl, Yepubni IIpyx
NUTAETCHA HEIMOCPEACTBEHHO C KOHYCOB; PasMephl 9TOI0 IMTAHMA — KakK B IIPOULIOM,
TAK ¥ B HACTOfALIEe BpeMd, HaMuoro Oojbine nurauusa 3enexnoro IIpyza co CKIOHOB,
Gosee OTAANEHHBIX M YACTUYHO OTHEJEHHBIX MOPeHHBIM BajioM. KoHdurypauua
o3epuoit uamu 3ejedoro IIpyha NPHMBOLUT K TOMY, HWTO LEeHTPAJLHONM, Oojee 1iy-
0GOKOJt YacTM JHOCTMIAIOT TOJXBKO Iiblieobpasuble of0pazoepanusd, Oojee e KpynHble
3a7epRMBAIOTCA, NO-BMAMMOMY, Ha niaTdopme. Kpyroit nozsoamsiit ckion (30°)
Koceuenria B Yepunom npyAy objaedaeT TPaHCIOPTMPOBKY ¥ IIEPEeHOC MaTepuana
B 30Hy aHa XKenoba.
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XapakKTepHO OTCYTCTBME THUNOMYHBIX JIEHTOYHBIX IJIMH, & TIPaHyJIOMETPUYECKOoe
pa3noobpasue HAHOCOB oTpaxaer 0oJiee CIOKOMHBIE ¥ OTAMYAaIOlIMecA Karacrpodn-
qecKUMM COOBITHMAMU nepuofabl. B HaHocaxX, OTKJIAABIBABIIMXCA B ,,CHOKOMHBIE” me-
puoabl, Gosblie AodA oprapmMdeckmux uacreir (13—20%), B To BpeMs Xak necuyaHbie
M Inec4aHO-IbLIEBble cocTaBisaloT Beero 1—5%, BepoaTHo, GONLLIIMHCTBO COBBLITHIH,
OTMEYEeHHBLIX B OTJIOXKEHMAX, CBA3AHO C TIJIYOOKMMM IYyCTOTHEIMM CTOKaMM HAHOCOB
(turbidity current underflow). MuuepanbHble CJIOM — 3TO pe3yiabTar aubo eguHuY-
HOTO cOOBITHSA, YTO CONPOBOKAAESTCA I'DABUTAILMOHHBIM PACCJIOESHMEM OTJOXKEHMUS, AUGO
JKe - dYallle ~— nepuofa OoJiee MHOTrOUMCIIEHHBIX TPA3EKAMEeHHBIX IIOTOKOB CO CKJIOHOL,
4YTO NOATBEPKIAETCH, NO-BUAMUMOMY, CyOropM30HTaANbHBIMM OPTAaHMYECKMMM I1I0JIOCKA-
MM, pas3sfelfINMMM APYT OT [ApyTa MHUHepPaJdbHLIE HAHOCHL JlaTMpoBanHasd HO Me-
Tony C-14 mopomsa kepua J{ m3 3enenoro Ilpyna 1760180 (I'x-4407) naeT BO3MOK-
HOCTH BBICUMTATL CpPEeAHME TEMIbl CeAUMMEHTAIMM B JaHHBII mepuor — 0,2 mm/rox.
3570 cpeAHAA BeJIWYMHA, HO BeAb M3EBECTHO, UTO B XOAE OTAeNbHBIX COOBITMIT MOIJM
OTKJAABIBATHLCA CJIOM MOLHOCTBIO 2 M Bosee canTMMETPOB

Bo Bcex kepHax (Puc. 4—7) MCZKHO BBIZEJIMTL 2—3 COCTABHBIX ujleHa. BepxHuii,
MOMIHOCTBEI0 8—10 CM, IPEACTABJIAET CHOKOMHYI CAMYI0 MJAJAINYI0 CEAMMEHTALMIO.
PacnonoxeHHb HUXKe WIeH oTMedaeT co6oit audbepeHIUMPOBAHHYI0 CEeJMMEHTALMIO,
CBUIETEJLCTBYIOUIYI0 0 00Jblell MHTEHCMBHOCTM CKJIIOHOBBIX IIPOILIECCOB M B 03epe.
B nmannom ujene uMeetrca 7—10 cioeB Gojee MMHEpPaJbHBIX (MAKCUMyMBI Ha HAEH-
curoMmeTpudeckoli kpusol). Tonbko B 3esenom IIpyny MOIKHO BBIAEIMUTL TPETHIT
yjgeH -— cHoBa DoJjiee CHOKOMHOM cepumenTaumyu. Craenyer mpejrnoJararth, 4TO OTJO-
xeuua Huxe 10 cM MOXHO orHecT K Majoii JIEJHMKOBOI 3II0Xe, OTMEYEHHOM
YCUJIEHHOV aNJIOBMAalMell Ha CKJIOHAX, 4TO ObLI0 JOKYMEHTHMPOBAHO JUXOHOMETPHU-
HYeCKMMM MCCaeAoBaHMAMM Ha uiebnesblx xouycax (KorTapOa 1989).
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Fig. 5. Sediment core A, Czarny Staw Gasienicowy. Densitometric curve, loss on ignition and grain-size composition. Sedimento-
logical structures drawn according to X-ray film

Rye. 5. Rdzen z wiercenia A, Czarny Staw Gasienicowy. Krzywa densytometryczna, straty wypraZenia, sktad mechaniczny. Struk-
tury sedymentacyjne rysowane wediug klisz z przeswietled promieniami X
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Fig. 6. Sediment core B, Czarny Staw Gasienicowy

Ryc. 6. Rdzeh z wiercenia B, Czarny Staw Ggsienicowy
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Fig. 8. Sediment core D, Zielony Staw Ggsienicowy

Ryc. 8. Rdzen z wiercenia D, Zielony Staw Gasienicowy
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Fig. 7. Sediment core C, Czarny Staw Gasienicowy

Ryc. 7. Rdzefi z wiercenia C, Czarny Staw Gasienicowy



