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Abstract: The trip gives insight into geology and landforms as well
as into past and present dynamic geological, geomorphologic and
soil-forming processes in the central part of Polish Tatra Mts. The
area is easily accessible from Zakopane. However not the highest
and not the most impressive of all parts of the mountains it offers a
concise review of all sites crucial for understanding the geologic
history of the Tatras and their forefield. Crystalline core has not
only been covered by overthrusted sedimentary rocks but also
forms tectonically displaced bodies like crystalline islands over
the sediments. Post-orogenic erosion strongly differentiated the
mountains landscape. High valleys shaped in resistant granitoids
of the High Tatras were much better reservoirs of snow and ice
during the Pleistocene then the West Tatras valleys deeply cut
into softer sediments and metamorphic rocks. Therefore, the High
Tatric glaciers were longer and thicker than the West Tatric ones.

Post-glacial weathering, mass movements and accumulation of
organic matter resulted finally in formation of rich variety of

specific mountain soils.

Tres¢: Trasa wycieczki prowadzi przez srodkowq czes¢ Tatr Pol-
skich: Doline Bystrej, Kasprowy Wierch, przetecz Karb i Doline
Suchej Wody (Fig. 1). Roznice miedzy dwiema gtownymi czesciami
tych gor: Tatrami Zachodnimi i Wysokimi sq stamtqd wyjqtkowo
dobrze widoczne. Teren ten jest ponadto przedmiotem intensyw-
nych badan od przynajmniej 200 lat, a najnowsze doniesienia
pojawiajq sie co roku. Stamtqd pochodzq liczne datowania moren,
wreszcie, to w Dolinie Suchej Wody L. Zejszner pierwszy rozpo-
znat w 1849 r. slady zlodowacenia. Przemierzajqc Tatry podczas
planowanej wycieczki bedzie mozna zaobserwowac tak wyraznie
widoczne w gorach efekty dziatania procesow prowadzqcych do
niszczenia gor, bardziej szczegotowo przyjrzymy sie przejawom
wietrzenia. Wietrzenie jest bardzo waznym procesem warunkujq-
cym powstawanie gleb a co za tym idzie wptywajqcym na rozwoj
roslin i zwierzqt czyli na srodowisko zycia cztowieka.
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Introduction

The Tatra Mountains are the most prominent, the highest
(2,655 m a.s.l.) and presently non-glaciated mountains in the
Central Europe, located approximately halfway between the
Baltic Sea and the Adriatic Sea, and between the Atlantic
Ocean and the Ural Mts. Thus, they occupy a transitional
position between the maritime Western Europe and the con-
tinental Eastern European lowland.

Field trip leads through the core of the central part of the
Tatry Mts: Bystra valley, Kasprowy Wierch Mt, and Sucha
Woda valley (Fig. 1). It gives good insight into geological
structure, landscape as well as weathering and soil forming
processes. Essential differences between the both main parts
of the mountains: Western and eastern (High Tatras) are
particularly well visible from the track. Moreover, the trip
area has been intensely investigated for at least 200 years and
new results are being published almost every year. It has been
a subject of a detailed study and absolute dating of the last
glaciation, in both, its maximum and recession. It was in the
Sucha Woda valley where Ludwik Zejszner has discovered
traces of the past glaciation in 1849.

Landforms
(J. Magiera)

Well-developed alpine landscape of the Tatra Mts is con-
trolled by three main factors: geological structure of the moun-
tains, long lasting denudation during Neogene and reshaping
by the glaciers during the glacial epoch (Pleistocene). Gene-
rally, two major units form the Tatras: crystalline core (intru-
sive granitoids and metamorphic gneiss) and sedimentary
cover (mostly carbonates that form several nappes). W-E run-
ning longitudinal “geological” axis of the mountains is undu-
lated. Elevated parts are generally built up of granites (they are
High or eastern Tatras), while sediments are preserved in de-
pressions (mostly in the Western and Belianskie Tatras). The-
refore, the High Tatras are more resistant to dissection and
planation and today are higher than other parts of the moun-
tains. Tectonic movements (mainly mountain uplift) interrup-
ted several times Neogene — Early Pleistocene denudation and
planation. This resulted in a formation of multi-level mature
landscape of gently rolling hills and broad valleys. Present day
peaks, ridges, hills and upper parts of major valley floors line
up into several height intervals. They are interpreted as rem-
nants of those more or less hypothetical palaco-levels (or
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Fig. 1. The trip over ortophotomap of Sucha Woda Valley ¢ Trasa wycieczki na tle ortofotomapy doliny Suchej Wody
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“planation surfaces”), according to the Davis theory Klima-
szewski (1965) distinguished four such palaco-levels. The
highest peaks of the Western Tatras probably mark the upper-
most, fifth level. All of them continue in the Beskidy Mts that
form external part of the Carpathians.

Late Pliocene planation was crucial for the development of
the glaciers in the Pleistocene. It formed vast floors in the upper
parts of the main valleys in the Tatras, i.a. in the Sucha Woda
valley (stops 7, 8 and 9 of the trip). Particularly impressive is
the upper level of the Five Lakes valley (Dolina Pigciu Stawow)
formed in that time. These parts of the valley floors are gene-
rally located at the heights bigger than 1600 m a.s.1., i.e. above
the equilibrium line altitude (e.l.a., or snow line) which was ca.
1500 — 1600 m a.s.l. during the last (Wiirm) glaciation and
probably similar or lower during previous glaciations. Valley
floors formed during the Late Pliocene were nextly cut during
backward erosion. This “rejuvenation” was particularly inten-
se in the Western Tatras, more susceptible to the erosion than
the High Tatras. In its result the West Tatric valleys has been
almost entirely deepened. Only small remnants of the Pliocene
palaeo-floors have been preserved in their uppermost parts. On
the contrary, in the High Tatras the Pliocene palaco-valley
floors preserved much better. They formed vast depressions,
located well above the e.l.a. and good for the accumulation of
huge masses of snow and glacial ice during the glacial epoch.
Therefore, the glacierization of the High Tatras was much more
intensive and extensive than that of the Western Tatras (Kli-
maszewski, 1964). The glaciers of the former were much longer
and thicker than the latter (Fig. 2).

The sediments of the Wiirm age are the only glacial (s./.)
sediments that preserved inside the mountains. Glaciers of
that age overprinted almost entirely earlier landforms and
removed deposits of earlier glaciations. Some speleothems in
the West Tatras caves and slope breccia, probably of the last
interglacial age, are the only exceptions. However, thick and
widespread fluvioglacial sediments, which form terraces and
fans in the Tatra forefield, point to multistage glacierization
of the mountains. Early scholars recognized only 1 or 2 gla-

Fig. 2. Extent of the glaciers in the Tatra Mts. during the maximum
of the last (Wiirm) glaciation (after M. Klimaszewski, 1960). Area
shown on Fig. 2 is marked in red » Maksymalny zasi¢g lodowcow w
Tatrach w czasie ostatniego zlodowacenia (Wiirm) wg Klimaszew-
skiego (1960). Obszar pokazany na Fig. 2 zaznaczono czerwona
ramka

ciations (c¢f- Partsch, 1923). Recently, four or five glaciations
are accepted. They are traditionally named according to the
alpine scheme introduced by Penck and Briickner (1909).
However, chronostratigraphic position of the units and their
correlation with the Scandinavian glaciations has conside-
rably changed since then due to numerous determinations of
the absolute age, mainly with the use of the TL method (Lin-
dner et al, 1993; Tab. 1).

The Wiirm glaciation began in the Tatras around 115 ka
B.P. Glaciers of that age reached their maximal extent around
21 — 19 ka B.P. (Dzierzek et al., 1999). The longest (12.5 km)
was the glacier of the Biata Woda valley. Sucha Woda glacier
was 7.8 km long. The glaciers in the Western Tatras were
much shorter, e.g., Bystra glacier 4.6 km, Koscieliski glacier
4.8 km. Thickness was usually smaller than 200 m (Klima-
szewski, 1988), except for the Biata Woda glacier, which at-
tained 230 m or even 260 m (Luknis, 1973).

Sucha Woda and Panszczyca valleys

Sucha Woda and Panszczyca valleys form one of the largest
valley systems in the Tatras. Their joint dendritic glacier was
the third largest on the northern slopes of the mountains (Fig.
3). During the maximal extent its total area was 1,410 hecta-

TL age W Europe Polish Tatry Mts. Polish lowlands
(thousand years | glacials interglacials | glacials  interglacials glacials interglacials
B.P)
100 — Vistulian Wiirm Wista
Eemian Riss 11 - Wiirm Eemian
Warthe Riss IT Warta
200 — g RissI—RissII| = Lubawa
= - S =
s |Drenthe Riss I = @ |Odra
~
300 - . =
Mazovian Mazowsze
400 — Holsteinian Mindel — Riss 1 s.l. Liwiec
Zbojno
500 — Elsterian Mindel San 11
Cromerian Giinz - Mindel o .o Ferdynandow
‘g’ Lﬁ San I
600 — Glinz v A Maltopolska
700 — Nida

Tab. 1. Age and correlation of the glaciations in the Tatra Mts. and on the European lowlands (after L. Lindner et al., 1993) « Wiek zlo-

dowacen tatrzanskich i ich korelacja ze zlodowaceniami skandynawskimi (wg Lindnera i in., 1993)
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Fig. 3. Extent of the glaciers in the Sucha Woda and Bystra valleys during the maximum Wiirm glaciation (based on M. Klimaszewski,
1988). The trip is marked in red ¢ Zasi¢g lodowcow w Dolinach: Suchej Wody, Panszczycy i Bystrej w czasie maksimum zlodowacenia
Wiirm (wg Klimaszewskiego, 1988). Trasa wycieczki jest zaznaczona na czerwono

Fig. 4. Glacial sediments and landforms along the trip (based on: M. Klimaszewski, 1988 and M. Baumgart-Kotarba & A. Kotarba, 2001
and 2002) » Lodowcowe osady i formy morfologiczne w rejonie wycieczki (na podstawie: M. Klimaszewski, 1988 oraz M. Baumgart-
Kotarba & A. Kotarba, 2001 i 2002)

Explanations: Wiirm and/or Riss (?): 1 — ground and melt-out moraine and boulders; Wiirm: 2 — ground and melt-out moraine, 3 — lateral
moraine; 4 — boulders, 5 — fluvioglacial terraces and fans; Late Wiirm: 6 — fluvioglacial terraces and fans, Holocene: 7 — terraces and
fans, 8 — dead-ice depressions, 9 — rock glaciers; moraine ridges: 10 — distinct, 11 — reconstructed, 12 — oscillation; 13 — glacial cirques,
14 — top of slope, 15 — trip stop; trip track: 16 — by the cable car, 17 — footpath, a - j — recessional stages of Wiirm glaciers in the Sucha
Woda valley (cf Tab. 2). Grid: UTM 34U

Objasnienia: Wiirm i (lub) Riss (?): 1 — morena denna i wytopiskowa oraz glazy i bloki; Wiirm: 2 — morena denna i wytopiskowa,
3 — morena boczna, 4 — bloki i glazy, 5 — terasy i stozki fluwioglacjalne; pézny Wiirm: 6 — terasy i stozki fluwioglacjalne, 7 — terasy
i stozki naptywowe, 8 — depresje po martwym lodzie, 9 — lodowce gruzowe; grzbiety morenowe: 10 — stwierdzone, 11 — zrekonstruowa-
ne, 12 —oscylacyjne; 13 — cyrki lodowcowe, 14 — zalomy stokowe; 15 — stanowiska wycieczki 3; trasa wycieczki: 16 — kolejka linowa,
17 — piesza; a — j stadia recesyjne lodowcow Wiirm w Dolinie Suchej Wody (por. tab. 2). Siatka wspotrzednych: UTM 34U
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Strat?graphy Age Approximate altitude of recessional moraines
Alpine (ka BP) (ma.s.l.)
Polish Lowland

g Sucha Woda valley Panszczyca valley

[

E Venediger R.7.8.4 SW7 ‘j> | Zadnie Kolo 1,950 Kozia 1,950 P7 Zadnie Usypy, 1,810
Egesen 10.7-10.2| SW6 ‘i’ | Zadni Staw | Swinicka | lower Kozia | P6 Kopka II, 1,750-1,770
Daun 12 SW5 ‘h’ | Kurtkowiec | Zielony | upper Czarny | PS5 Kopka I. 1,700
Gschnitz 13 SW4 ‘¢! | Dwoisty | Litworowy | lower Czarny | P4 Komory, 1,550

- Gardno 1,660 1,608 Staw 1,540

_§ Steinach II 13.5? SW3 “f’ Mokra Jama Czarna Pasza P3 Butoréw, 1,338

S

|2 "

£ |Steinach WIk. Pafiszczycka Mtaka,

14 SW2 ‘e’ PZA camp 1,340-1,350 m P2

g 1,280

=

= | Buhl 15 SWI1 ‘d’ below Wyznia Sztolnia P1 Mtaka, 1,216

Pomeranian 1,280 - 1,300 m
Chodziez| 17.2 WB3 ‘¢’ Kotliny 1,160
Poznan 18.4 WB2 ‘b’ Toporowy Staw II 1,130-1,150
Leszno 20 WBI ‘a’ Toporowy Staw I 1,094 m

Table. 2. Recession of Late Wiirm glaciers in the Sucha Woda valley system (based on Baumgart-Kotarba & Kotarba, 2001)  Stadia
recesyjne lodowcow Wiirmu w dolinie Suchej Wody (wg Baumgart-Kotarba & Kotarba, 2001)

res. It ended in the close forefield of the mountains in Brze-
ziny and left there one of the most spectacular “aphitheatre”
of the end moraines with numerous small terminal depressions
(Fig. 4), actually infilled with peat or water (Toporowe Stawy
Lakes). Thickness of the ice was big enough to flow over vast
and long ridge that forms left hand margin of the Sucha Woda
valley. Ice masses partly infilled upper parts of Olczyska
valley (Fig. 3). However, there are opinions (e.g. Klimaszew-
ski, 1988) that moraines laid down there and coating now the
valley slopes are, at least partly, of Riss age.

Deglaciation of the Tatras during the late Wiirm ran in
several stages. Their number and age are still disputable.
Dzierzek et al. (1986a) distinguished 3 stages and 9 phases
within the youngest (Biatka) stage in the Polish part of the
High Tatras. Recently, in the Sucha Woda — Panszczyca val-
ley system Baumgart-Kotarba and Kotarba (2001) recognised
10 phases. Table 2 shows proposal of their correlation with
the Alpine and Scandinavian glaciations.

During two oldest phases ‘a’ (maximum Wiirm — Leszno)
and ‘b’ (Poznan) Panszczyca glacier dominated over the
“main” Sucha Woda glacier. Terminal moraines of both
phases are arranged transversely to the SSE-NNW running
axis of the lowermost part of the Panszczyca valley (Fig. 3).
Both glaciers separated after ‘b’ (Chodziez) phase. During
the consecutive younger ‘d’ (Pomerania) phase two separate
end moraines formed.

Particularly impressive is the glacial landscape of the upper
parts of the Sucha Woda valley (Gasienicowa Alp; Fig. 4). The
area is located well above the timberline and shows perfectly
terminal moraines of recessional stages ‘e’ to ‘j” (Late Wirm
—Eraly Holocene). Some terminal depressions are infilled with
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Fig. 5. Dolina Stawow Gasienicowych valley — western branch of
the uppermost part of the Sucha Woda valley. Glacial landforms
and sediments of the Late Wiirm — Early Holocene age are visible.
Terminal moraines and bedrock elevations (“riegels”) dam lakes
infilling terminal depressions. Dtugi Staw lake (“Long Pond”) is
visible in the foothill of Koscielec Mt. Lower parts of the slopes and
the valley floor are coated with scree and local rock debris and blocks
of glacial origin. Lower part of the Sucha Woda valley and Podhale
are seen in a far background, phot. I. Felisiak * Dolina Dolina Sta-
wow Gasienicowych — zachodnia galaZz najwyzszej czesci Doliny
Suchej Wody. Widoczne lodowcowe osady i formy morfologiczne
péznego Wiirmu — wezesnego Holocenu. Moreny czotowe i rygle
skalne tamuja wode wypetniajaca depresje koncowe. U podnodza
Koscielca widoczny Dtugi Staw. Dolne partie stokow i dno doliny
pokryte sa przez piargi i blokowiska skat lokalny pochodzenia lo-
dowcowego. Dolna czg$¢ Doliny Suchej Wody i Podhale widoczne
sa na dalszym planie, fot. I. Felisiak

water and form picturesque lakes (traditionally called “ponds”
by the highlanders). Of all the lakes in the Polish Tatras Czarny
Staw (“Black Pond”) is one of the largest (17.94 hectares) and
the deepest (51 m), Zmarzty Staw (“Frozen Pond”) is one of
the highest (1787 m a.s.l.). Western branch of the valley
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(Dolina Stawow Gasienicowych) hosts several smaller “ponds”,
of which Zielony Staw (“Green Pond”) is the largest (3.81 ha)
and the deepest (15.1 m). Some of the lakes are periodical.

The last, cirque glaciers melted finally out in Early Holo-
cene. In the Sucha Woda valley it was around 8.3 ka B.P.
(Baumgart-Kotarba & Kotarba, 2001).

Bystra valley

Bystra valley presents by far less impressive preglacial and
glacial landscape features and sediments. Cut mainly within
relatively non resistant sedimentary rocks was intensely re-
juvenated during Late Neogene — Early Pleistocene and large
part of its floor lowered below the snow line during the gla-
ciation. Therefore, the dendritic glacier was poorly “fed” by
small firn fields and was relatively short (4.6 km). It ended in
Kuznice at the height of ca 1000 m a.s.l. Only three of four
tributary valleys yielded main branch of Bystra valley with
their glaciers. Kondratowa valley essentially was not glacia-
ted, except for small isolated cirque glacier. The left lateral
moraine of the Sucha Kondracka glacier dammed proglacial
and pronival outflow from this valley and a lake was formed.
Actually, it is completely infilled and appears as flat grassy
meadow, gently dipping downstream.

Rock glaciers and periglacial phenomena

Formation of rock glaciers during several Late Wiirm re-
cessional phases and in the “little ice age” (sixteen to the
middle of the nineteenth century) has been postulated by
Dzierzek et al., (1986b). However, there’s common opinion
that debris landforms related to the recessional moraines are
often erroneously interpreted as remnants of the rock glaciers.
Baumgart-Kotarba and Kotarba (2001) recognised only three
small relict rock glaciers at the height of 1,500 — 1,800 m a.s.1.
Two of them are shown on Fig. 4.

No convincing proofs for recent permafrost have been
found in the Tatras yet. However, geophysical investigations
revealed layers at the depth of several meters in Pig¢ Stawow
and in Kozia valleys that show electrical properties similar
to rock debris cemented with ice. As no excavations are al-
lowed in the Tatras (due to a strict nature protection) this hint
cannot be verified.

Areas free of ice during the glaciations were subject to intense
periglacial processes. Some of them, now attributed to the alpine
periglacial zone, are still active, e.g.: multi-annual and seasonal
ground freezing, solifluction, frost sorting, cryoturbation, frost
shattering, frost jacking. Solifluction lobes, small thufurs, pat-
terned ground and block fields can be seen as their result in the
upper parts of the valleys and on the slopes.

Weathering
(1. Jerzykowska)

Weathering can be defined as the irreversible structural
and/or mineralogical breakdown of rock through the cumu-
lative effects of chemical, physical, and biological processes
operating at or near the Earth’s surface (Whalley & Warke,
2005).

The weathering of rock is a response to subaerial (Earth
surface) conditions, where temperatures and pressures differ
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from those under which the minerals were formed (magmatic
or metamorphic conditions). Rock breakdown is therefore
attributed to surface environments. The rate of decomposition
is controlled by many factors: the rock itself (mineralogical
and chemical composition, structure), the weathering agents
such as temperature, salt and moisture, biological agents such
as lichens, and, especially, the microclimatic environment to
which the rock is exposed

During the process of physical disintegration, the rock
becomes broken up without altering its composition. When
chemical decomposition takes place, the rock is slowly de-
composed at the same time altering its constituent minerals.
Organisms can influence rocks in both ways: chemical and
mechanical.

There would be no soils and little scope for widespread
development of flora and fauna on land without weathering.
Thus, long-term weathering is of grate importance to the
biosphere and is a crucial element of landscape development
(Whalley & Warke, Lc.).

Physical weathering and landscape development
in the Tatra Mts

Weathering together with erosion is the most important
processes, which influence the landscape development. The
operation of these two processes is clearly visible in moun-
tainous areas. The weathering occurs in situ (with no move-
ment) unlike the erosion, which involves the movement and
disintegration of rocks and minerals by agents such as water,
ice, wind, and gravity.

Change of temperature is the most crucial factor of physi-
cal weathering. Changes in temperature cause expansion and
contraction of rocks. Moisture or salt enhances physical we-
athering by freezing- and thawing processes and salt crystal-
lization in pores or rock fractures. Rocks began to flake,
granulate, and form massive sheeting of the outer layers.

Relatively big altitudes, severe climate, and connected with
them, flora floors (Hess, 1996) promote weathering in the
Tatra Mts. The big part of the mountains emerges above the
forest floor, where the intensity of weathering is great (Ko-
tarba, 1996). Physical decomposition of rocks and the detritus
movement downslopes lead to the formation of the most
important landforms related to the weathering: detrital fans
(scree talus) and block fields. We can see them near the Czar-
ny Staw Lake (Stop. 9, Fig. 6) and in many other places in the
Tatra Mts.

Relations between weathering (and erosion) rate and rock
types are clearly visible in the Tatra Mts. Strongly deformed
sedimentary rocks are very susceptible to weathering. Sed-
imentary cover was entirely removed from the most elevated,
southern part of the Tatra Mts. It is build of very resistant
crystalline rocks (mostly granitoids). Relatively low peaks
build of sedimentary rocks can be observed in the northern
part of the mountains. The most resistant rock in the Tatra
Mts is the Lower Triassic quartzite (Fig. 7). However, they
do not form vast massifs but rather isolated sharp “teethes” on
the ridges. Most passes in the granitoid part of the Tatras de-
veloped over mylonitic or cataclasis zones formed on local
faults. The Western Tatras, where metamorphic rocks (gneisses
and shists) dominate, are lower than eastern granitic part.
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Fig. 6. Scree fan formed by mechanical weathering and mass
movements on the slopes of the Z6tta Turnia over the Czarny Staw
Gasienicowy lake. Fresh debris — flow (called Muren in the Alps)
well visible. Notice dwarf pines growing on block fields and scree,
phot. T. Sokotowski  Stozek usypiskowy powstaly w wyniku wie-
trzenia fizycznego i ruchéw masowych na zboczu Z6ttej Turni przy
Czarnym Stawie Gasienicowym. Dobrze widoczny §wiezy sptyw
gruzowo-blotny (zwany w Alpach Muren), ktoérego jezor zasypuje
kosowki nad stawem, fot. T. Sokotowski

Middle Triassic limestone and massive limestone of upper
Jurassic and lower Cretaceous built most ridges in the Western
Tatras (High-Tatric rocks). Fine-laminated shales form local
depressions and passes in the Western Tatras. In the Sub-Tatric
part of the Tatra Mts peaks are much lower and the landscape is
more uniform. Fine bedded and not resistant to weathering
shale and limestone of the Upper Triassic, Jurassic and Cretace-
ous rocks form this part of the Tatra Mts (Bac-Moszaszwili &
Gasienica Szostak, 1992). Only harder Krizna dolomites and
Choc¢ limestones built higher, isolated peaks near Zakopane.

Chemical weathering and soils

Chemical weathering is a group of irreversible processes
of chemical decomposition of rocks including mineral disso-
lution, movement of chemical elements and precipitation of
new phases. The most important chemical processes are:
dissolution, hydratation, hydrolization, oxidation, reduction,
carbonatization. Chemical weathering plays a key role in the
exogenic geochemical cycle (White, 1998). Chemical weat-
hering supplies dissolved matter to rivers and seas. Weat-
hering also supplies nutrients to the biota in form of dissolved
components in the soil solution. Chemical weathering is
tightly connected with the formation of soil. Soil is a very
small environment where atmospheric, hydrospheric, bio-
spheric and lithospheric processes operate together. It makes
a soil very reactive and, thus, important environment. Soil
typically consists of a sequence of layers that constitute the
soil profile (Fig. 8). The nature of these layers varies, depen-
ding on the climate (temperature, precipitation, etc.), vegeta-
tion (which in turn depends largely on climate), time, and the
nature of the underlying rock (White, /c.).

The uppermost soil layer, referred to as the O-horizon,
consists almost entirely of organic material whose state of
decomposition increases downward. Below this organic
layer lies the upper mineral soil, designated as the 4-horizon
or the zone of removal, which ranges in thickness from sev-
eral centimetres to a meter or more. In addition to a variety
of minerals, this layer contains a substantial organic fraction,
which is dominated by an amorphous mixture of insoluble,
refractory organic matter called ~umus (White, 1998; Retal-
lac, 2005). Weathering reactions in this layer produce a soil
solution rich in silica and alkali and alkaline earth cations
that percolates downward into the underlying layer. The B-
horizon, or zone of accumulation or deposition underlies the
A-horizon. This horizon is richer in clays and poorer in or-
ganic matter than the overlying 4-horizon. Substances leached
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Fig. 7. Lithostratigraphic profiles of the Tatric rocks with their resistance against weathering (after: Bac-Moszaszwili & Gasienica
Szostak, 1992; modified) « Profile litostratygraficzny skat tatrzanskich z zaznaczona odpornoscia na wietrzenie poszczegdlnych typow

litologicznych — zobacz wersja polskojezyczna Fig. 25 (streszczenie)
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1 0 litter, orgarics
A, zone of depletion

B, zone of accumulation

- C, weathered bedrock
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Fig. 8. Model soil profile illustrating the O, A, B, and C-horizons
described in the text (from: White, 1998) « Modelowy profil glebowy
przedstawiajacy poziomy glebowe O, A, B i C opisane w tekscie
(z pracy: White, 1998)

from the 4-horizon are deposited in the B-horizon. Fe and Al
carried downward as organic complexes precipitate here as
hydrous oxides and hydroxides, and may react with other
components in the soil solution to form other secondary
minerals such as clays. The C-horizon underlies the B-horizon
and directly overlies the bedrock. It consists of partly weath-
ered rock, often only coarsely fragmented, and its direct
weathering products. This layer contains relatively little or-
ganic matter (White, 1998; Retallac, 2005).

Soil cover of the Tatra Mts
(M. Drewnik)

The properties of the Tatras’ soils (morphology, chemistry
and taxonomical position) strongly reflect the geo-ecological
conditions. They are relatively weak developed: thin and
contain a considerable amount of stones and gravel. The
spatial differentiation of the soil cover — first of all — depends
on the geological differentiation of the parent rock (Komor-
nicki & Skiba, 1996). Acid podzol soils: Podzols (Haplic,
Umbric, Folic, Skeletic) (Fig. 9) and Leptosols (Podzolic,
Umbric) (Fig. 10) (WRB, 2006) upon the crystalline core
rocks (intrusive granitoids and metamorphic gneiss) and on
the crystalline Pleistocene moraines were formed Calcareous
soils: Leptosols (Rendzic, Calcaric) were formed upon the
carbonate rocks, while other soils: Umbrisols, Cambisols,
Regosols (Eutric) were developed upon the sandstone, shale,
and others. Weak developed soils: Leptosols (Lithic, Hyper-
skeletic, Umbric, Folic), and Regosols (Colluvic, Dystric,

Fig. 9. Soil profile (Sceletic
Podzol) from the Waksmun-
dzki Wierch, phot. M. Drew-
nik « Profil glebowy (Sceletic
Podzol) z Waksmundzkiego
Wierchu, fot. M. Drewnik

Fig. 10. Dystric Leptosol
profile from the Dolina Pigciu
Stawow Polskich valley, phot.
M. Drewnik ¢ Profil glebowy
(Dystric Leptosol) z Doliny
Pieciu Stawow Polskich, fot.
M. Drewnik

Skeletic) prevaile within rocky areas. Fluvisols (along rivers),
Gleysols (within wet areas) and Histosols (within the peat
areas) occupy relatively small areas.

Secondly, there is well-developed vertical zonality of soils
in the Tatra Mts. The occurrence of specific humus horizons,
that are characteristic of particular vertical belts, prove the
role of climate and vegetation during the development of
soils. Thirdly, the contribution of morphogenetic processes
in the forming of the soil cover within some areas is signifi-
cant. Within mass movement processes, we can distinguish
(1) rapid mass wasting and (2) slow mass wasting (Kotarba,
etal., 1987). The rapid mass wasting processes (a.o. rock falls,
debris flows, debris slides) completely destroy the soil profi-
le and, as a result, modify soil cover (soil distribution), while
the slow mass wasting processes (a.0. soil creep, solifluction,
gelifluction) deform only the soil body (Drewnik, 2006).

The northern Carpathians, including the Tatra Mts are
distinctly exposed to pollution (Grodzinska & Szarek-tuka-
szewska, 1997), although there are no significant signs of
chemical damage of soils by atmospheric pollution. There is
a problem of soil erosion along tourist paths within the most
popular areas (Skiba, 2006).

Strong correlation beetween soils and the Tatric flora can
be noticed. Weak developed, shallow soils (Lithic Leptosols)
are inhabited by pioneer vegetation. Deeply enrooted plant
cover Regosols, e.g. dwarf pine, which can be observed on
block fields (Fig. 6). Spruce forests and also dwarf pine and
grass communities occur on Podzolic Leptosols. Soils upon
the calcareous rocks (Rendzinas, Rendzic Leptosols, Calcaric
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Fig. 11. Middle Triassic (Anisian) limestones beneath Liliowe
Pass with rillenkarren, soil horizon and dwarf pines at top, phot.
M. Drewnik * Wapienie $rodkowego Triasu (Anizyku) ponizej
przeteczy Liliowe ze ztobkami krasowymi, poziomem glebowym
i kosowkami na gorze, fot. M. Drewnik

Cambisols) are rich in nutrients (micro- and macro-elements)
available for plants (Fig. 11). This soils are inhabited by spru-
ce forest, dwarf pine, grass communities and mixed forest.
Podzols are correlated with acidophilic plants (e.g. coniferous
forest), weakly developed podzolic soils (Podzolic Leptosols)
are covered by dwarf pine and grass plants.

During the fieldtrip we will observe few types of soils:

Description of the stops

Stop 1. Kuznice. The Cabin Aerial Ropeway to Mt.
Kasprowy Wierch

Stop 1 is located in Kuznice in the Bystra Woda (“Swift
Water”) valley, historical center of the iron industry in the
nineteenth century, by the terminal of the cableway to the Mt.
Kasprowy Wierch. We have crossed a border of the Podhale
Trough and the Tatra Mts some 0.5 km past the last rounda-
bout on our way to Kuznice. Northern border of the half-horst
of the Tatras, however distinct in morphology, has not a fault
origin. It is rather a homocline. A strong geomorphologic
contrast stems from a big difference in susceptibility to ero-
sion of the rocks of Nummulitic Eocene beds and the Krizna
Nappe and shaly mudstone interbedded with thin sandstone,
that infill the Podhale Trough (flysh deposits of the Central
Carpathian Paleogene).

The valley slopes around are cut within the rocks of the
Krizna Nappe. Broad saddle of Nosalowa pass (morphologi-
cal depression N of Nosal at Kasprowy - Zakopane section;
Fig. 12) is situated east of us. Middle Triassic thick bedded
limestone and dolomite belonging to the Krizna Nappe build
white cliff of the Nosal Mt., visible in NE direction, at the
right slope of the valley. Gentle forested slopes near the cab-
leway station and around the Nosalowa pass are cut within
thin bedded deposits of Upper Triassic and Lowermost Ju-

- podzols developed on crystalline rocks under grass com-
munities on the Beskid Mt. (Stop 3),

- soils deformed by mass movements on the Liliowe pass
(Stop 4),

- rendzinas on limestones (Stop 6) also covered by the grass
communities of the alpine zone.

rassic age, which are much less resistant to weathering.
These are red mudstone with sandstone and dolomite inter-
calations (Carpathian Keuper), dark limestone interbedded
by black shale (Rhaetian), shaly mudstone with greenish
sandstone and organodetrital limestone (Gresten facies, Het-
tangian).

KASPROWY WIERCH - ZAKOPANE SECTION N

2000
ma.s.l ma.s.|
MYSLENICKIE 1500
TURNIE NOSAL
KUZNICE
o i : 1000
T R P, ZAKOPANE
s -'\_*;‘i:‘-i_\g. b &
NASSRNNN ST
500 : MR RS SR g
********** T~ THighTatic — —__| — — — — — — — — — — — — — — —|—
i _ I 'z PODHALE
Pal talll autochthonous -
aleozoic crystalline core ! sedimontay oavor ;§ §| - : TROUGH
TATRICUM B | FATRICUM (Krizna Nappe) | Central Carpathian
777777777777777777777777777777777777 Paleogene

after: Geological Map of The Polish Tatra Mountains 1:30 000. Bac-Moszaszwili & al., Wyd. Geolog. Warszawa, 1979.

Paleozoic: gG+m - granitoids of the Goryczkowa type + metamorphic rocks; Triassic: Ts - Seisian, Tk - Campilian, Tal - Anisian - Ladinian, Tkj - Karpathian Keuper
(Karnian + Norian), Tr - Rhaetian; Jurassic: Jh - Hettangian, JI - Lower Jurassic; JK-Jurassic/Cretaceous (Callovian - Hauterivian); Cretaceous: Ku - Urgonian - Aptian,
Kac - Albian - Lower Turonian; Paleogene: Pz, Po - conglomerates, organodetrital limestones (Nummulitic Eocene), Pt - flysh deposits.

Fig. 12. Geological section Kasprowy Wierch Peak — Zakopane (from: Bac-Moszaszwili et al., 1979; supplemented) « Przekroj geologiczny
Kasprowy Wierch — Zakopane (z: Bac-Moszaszwili et al., 1979; uzupetnione)

Wiek skal. Paleozoic: gG+m — granitoidy typu Goryczkowe;j i skaty metamorficzne; Trias: Ts — Seis, Tk — Kampil, Tal — Anizyk i La-
dyn, Tkj — Kajper karpacki (Karnik i Noryk), Tr — Retyk; Jura: Jh — Hetanz, J1 — Jura dolna nierozdzielona; J/K — Jura/Kreda (Kelowej
— Hoteryw); Kreda: Ku — Urgon — Apt, Kac — Alb — dolny Turon; Paleogen: Pz,Po — zlepience, wapie nie organodetrytyczne; Pt —utwory
fliszowe

Jednostki tektoniczne. Tatricum: Paleozoic crystalline core — Paleozoiczny trzon krystaliczny (granitoids — granitoidy, Carboniferous
— Karbon), High-Tatric autochtonous sedimentary cover — Wierchowa autochtoniczna pokrywa osadowa, High-Tatric Nappes — Ptasz-
czowiny Wierchowe: Czerwone Wierchy N. — Plaszczowina Czerwonych Wierchéw, Giewont Nappe — Plaszczowina Giewontu (Gorycz-
kowa Crystalline Island — Wyspa krystaliczna Goryczkowej). Fatricum: KriZzna Nappe — Plaszczowina Kriznianska; Central Carpathian
Paleogene — Paleogen Centralnokarpacki, Podhale Trough — Zapadlisko Podhala
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crystalline core

Fig. 13. Middle part of the Tatra Mts. (Goryczkowa Depression sector) in the Early Pleistocene after Bac-Moszaszwili & Gasienica Szostak
(1992, supplemented). CWN — Czerwone Wierchy Nappe; GN — Giewont Nappe * Srodkowa czeé¢ Tatr (na odcinku Depresji Gorycz-

kowej) we wczesnym Plejstocenie wg Bac-Moszaszwili & Gasienica Szostak (1992, uzupetnione). CWN —

Wierchow; GN — Plaszczowina Giewontu (pozostate jak na Fig. 12)

Plaszczowina Czerwonych

Flat and relatively broad valley floor, now built up of allu-
vial pebble, gravel and sand, marks probably terminal depres-
sion of the Bystra valley glacier. This dendrite glacier, with
area of ca 4,000 hectares at its maximum extent, collected
ice streams coming from 5 valleys (see Fig. 2). Terminal
moraine has been washed out by the proglacial rivers in the
Late Wiirm and has not preserved. Low forested ridge on the
right of the Nosalowa Pass is a lateral morraine of the glacier.
It is worthy noting, that lower part of the Kondratowa valley
has not been glaciated. Lateral moraine of the Sucha Kondra-
cka valley glacier (Kalatéwki mountain hotel, well seen from
the cable car, is located on its ridge) dammed the proglacial
lake, now entirely infilled with sediments. Small mountain
hut is visible close to its ancient shore line.

From Kuznice the cableway crosses diagonally Bystra
Woda valley going first to middle station on the Myslenickie
Turnie Peak, built of carbonate rocks of the upper High Tatric
(Giewont) Nappe. The boundary with the Krizna Nappe is
hidden under glacial deposits covering the valley floor just
before the station. On both sides of the valley Giewont Nap-
pe starts with a high cliff composed of massive limestones of
the Middle Jurassic - Lower Cretaceous (Bajocian - Aptian)
age, dipping at high angle to the north. Giewont Mt. - the most
famous mountain in Poland is visible to the West. Its northern
wall “hanging” over Zakopane results from another distinct
contrast in resistance to weathering between Tatric rocks, in
this case between High Tatric and Krizna rocks. The latter
are usually thin-bedded mudstones, sandstones, marls and
limestones (Fig. 7). Only Middle Triassic Krizna deposits
contain (as in the High Tatric series) medium bedded to mas-
sive carbonates (mostly dolomites). However, they are inten-
sely cracked and erode easily. This is due to brittle behavior
of the dolomites, which subjected to the tectonic deformations
during the nappe folding, form tectonic breccia.

Characteristic escarpment of the front of Giewont Nappe
extends from Giewont through Myslenickie Turnie to the east
Side of Bystra Woda valley and to Zawrat Kasprowy Ridge, well
seen from the upper section of the cableway to the Mt. Kaspro-
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wy Wierch. The slopes above Myslenickie Turnie up to the
summit of Kasprowy Wierch are built-up of granitoids of the
Goryczkowa Crystalline Island (Fig. 12). Sedimentary strata we
will meet again far from the Myslenickie Turnie, behind Mt.
Kasprowy Wierch and Beskid on the Liliowe Pass (stop 4).

Stop 2. Kasprowy Wierch Peak

Kasprowy Wierch is situated on the Polish-Slovakian
border, within lowered part of the main crest, corresponding
to the Goryczkowa Depression of the Tatra core (Fig. 13).

To the south it slopes down to the Cicha (“Silent”) valley,
leading to the Liptov Basin. The ridge running from the peak
to NE divides Bystra Woda valley from another main valley
named Sucha Woda (“Dry Water”). The name given by
highlanders centuries ago reflects the water disappearing in
numerous sinkholes leaving large parts of the stream bed dry.
Upper part of the Sucha Woda valley east of the Mt. Kaspro-
wy Wierch has original name Hala Gasienicowa (“hala”
means seasonal mountain pasture; Alm in the Alps), and is
often called improperly Gasienicowa valley by the tourists.
We will visit it on the way down from Stop 5.

In the far south and north backgrounds Neogene troughs
which border the Tatra semi-horst from both sides can be
seen. Recently only flat northwestern part of Podhale region
called Orava-Nowy Targ Basin is subsiding. White cliff of
the most prominent Trzy Korony (“Three Crowns”) Peak
(Pieniny Klippen Belt) is seen to the north-east, below sum-
mits of the Outer Carpathians.

The Kasprowy Wierch area is located within the Goryczkowa
Crystalline Island — a huge block cut off the Tatra core and mo-
ved northward at base of upper High Tatric — Giewont Nappe.
The Island extends to the east to Beskid Mt. (stop 3), to the west
through Goryczkowe Wierchy Peaks to the Kopa Kondracka Mt.
(Fig. 13) and northward to the southern slope of Mt. Giewont.
Mesozoic strata underlying the Island — autochthonous High
Tatric cover and extremly reduced Lower High Tatric (Czerwo-
ny Wierchy) Nappe — crop out above the Cicha valley, at middle
part of its southern slope, between Beskid and Kopa Kondracka.
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Fig. 14. Podzolisations pedofeatures in soil (undisturbed soil samples, thin sections approx. 25-30 um; a, c, e — plane polarized light; b,

d, f— crossed nicols) (from Drewnik, 2008):

a, b — mineral grains (Q — quartz, Fs — feldspars) with organic-iron coating (omc); spodic horizon in profile GR8 (B2hs horizon); ¢, d
— cementation of soil material in spodic horizon in profile GR7 (3Bhs horizon) (organic-iron coating — omc); e, f — clay coatings enriched
in iron oxides (omcc) within lower part of spodic horizon in profile GR7 (3BCs horizon), typical organic-iron coatings (omc) are also

visible (Fs — feldspars, Q — quartz, M — micas).

Cechy bielicowania w glebie (probki glebowe o nienaruszonej strukturze, cienkie ptytki o grubosci okoto 25-30 um; a, c, e — §wiatto
spolaryzowane rownolegle; b, d, f — polaryzatory skrzyzowane) (z pracy: Drewnik, 2008): a, b — poziom spodic w profilu GR8 (B2hs);
ziarna mineralne (Q —kwarc, Fs - skalenie) pokryte naciekami organiczno-zelazistymi (omc); ¢, d — scementowanie materiatu glebowego w
poziomie spodic profilu GR7 (3Bhs) (iluwium organiczno-zelaziste — omc); e, f —nacieki ilasto-zelaziste (omcc) w spagowej czgsci poziomu
spodic w profilu GR7 (3BCs); widoczne rowniez typowe nacieki organiczno-zelaziste (omc) (Fs — skalenie, Q — kwarc, M — miki)

This part of the valley is better seen from next stops (see photos
in Felisiak, this volume). The overthrust of the Goryczkowa
Crystalline Island is also exposed to the north of the main crest
at eastern slope of Beskid Mt., and will be traced on our way
down from stop 4 to stop 6 (see map on Fig. 1.).

The rocks of the Goryczkowa Crystalline Island show a
great variability. They consist of granitoids (from tonalite to
alaskite), paragneisses, orthogneisses, migmatites, subordi-
nately amphibolites and biotite schists, pegmatites — changing
from site to site. For example, the north face of Mt. Kasprowy
Wierch is so precipitous due to glacial cut of very resistant
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granodiorites. These are similar to typical High-Tatra grano-
diorite and appear again in the eastern cliff of Beskid Mt.
(Stop 3) — whereas the main crest between these summits is
built of gneiss and biotite schist with pegmatite dykes and
amphibolite, poorly exposed along the path.

Valleys north of the main ridge were strongly glaciated
during the Wiirm glaciation and, probably, during older
glaciations, whereas huge valley south of it (Cicha valley) had
only two small cirque glaciers in its uppermost parts. This is
probably due to a deep cut of the latter during the pre-glacial
epoch, whilst the former experienced far less erosion. The
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reason was in substantial differences in the resistance of the
rocks N and S of the main ridge: respectively, mostly
granitoids and mostly sedimentary.

Stop 3. Beskid Mt.

Podzolization in the alpine environment

The main soil-forming process in soils developed on gra-
nitoids, metamorphic gneiss, and schist and on the crystalli-
ne moraines is podzolization (Skiba, 1977). The mineral
composition of soils reflects the properties of parent rock R
(quartz, feldspars, mica, and others). Mainly mica, chlorite,
hydroxyinterlayered and vermiculite compose clay fraction.
Low concentration of quartz, feldspars and kaolinite also
occur. The greater part of layer phyllosilicates is inherited
from parent rock by disintegration of larger grains of micas
and chlorite. The neoformation of kaolinite from soil solution
rich in Al and Si were reported (Skiba, M., 2001). Further,
detailed information of mineral formation during podzoliza-
tion in the Tatra Mts were published by M. Skiba (2007). The
characteristic features of the mountains Podzols (using the
Tatra Mts as an example), unlike lowlands’ Podzols, are: (1)
lack of well-developed eluvic horizon E, (2) high content of
organic matter within illuvial horizons B and BC, and (3)
strongly developed illuvial coatings within B-horizon. The
coating, consist of amorphous organic matter and Fe-, Al-
compounds, encircle the mineral grains (Fig. 14).
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Fig. 15. The composition of humus compounds along vertical zo-
nality due to parent rock; a — non-humus organic particles, b — ful-
vic acids, ¢ - humic acidc, d — humines (according do data from:
Drewnik, 2006) « Sktad potaczen prochnicowych w poszczegélnych
pigtrach geoekologicznych z uwzglednieniem skaty macierzystej
gleby; a — residuum — czg$ci nieproéchnicowe, b — kwasy fulwowe,
¢ — kwasy huminowe, d — huminy (wedtug danych zawartych
w pracy: Drewnik, 2008)
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Humus in the alpine zone

In the Tatras within alpine zone soils muck-like organic
matter of the alpine moder type occurs (Drewnik, 2006). It
is characterized by humus horizons more than 10 cm thick
(except for eroded places), and a concentration of organic
carbon from more than 100 mg g'. The organic matter is
poorly bound with the mineral parts, and the humification
index (HI) expressed as content is varied (10-60%) (Fig. 15).
Moreover the formation of thick and very acid humus horizons
(with high content of fulvic acids) shapes the intensity of
weathering within top part of solum.

The specific morphological and chemical features of humus
horizons in mountains soils are a result of influence of harsh
climatic conditions, which shape the intensity of microbiologi-
cal processes in soils (humification, mineralization). The
measurements of the amount of decomposed cellulose in soils
(Drewnik, Ic.) indicate that the amount is linked to the cli-
matic features which change with altitude above sea level.
The rate of decomposition of cellulose decreases with altitude
above sea level, though it is the slowest in the soils of the
subalpine zone developed under dwarf pine thickets. In the
soils representing the grass communities of the alpine zone,
the decomposition was more rapid. This can be explained by
the edaphic conditions, and the relatively high vulnerability
of dead plant parts to decomposition (Drewnik, /.c.).

Parent rock primary and accessory minerals during

podzolization

Main weathering features in the soil are rock and mineral
fracturing, dissolution, transformation and precipitation of
new phases. Primary magmatic minerals occur in crushed
and fractured rock fragments or mineral grains of different
size. The smallest mineral particles with organic matter and
amorphous phases form aggregates or sometimes rims around
bigger rock particles. The degree of mineral dissolution is
different for different minerals and depends also on hydrother-
mal alteration of primary magmatic minerals. The order of
stability for rock-forming minerals is (from the most resistant
mineral): quartz > muscovite > K-feldspar > Na-plagioclase
> sericitized K-feldspar > biotite > Ca-plagioclase. Some
accessory minerals are being decomposed simultaneously
with rock-forming minerals. Two stability orders were estab-
lished depending on soil pH. For pH<4: zircon > rutile >
monazite > magnetite > Fe&Ti oxides > epidote > apatite;
pH~5: zircon > rutile > epidote > monazite > magnetite >
apatite> Fe&Ti oxides. Characteristic dissolution microtex-
tures on surfaces of different minerals can be noticed (Fig.
16). In spite of dissolution of biotite/chlorite plates transfor-
mation into clay minerals was observed. Precipitation of
amorphous Fe-compounds, clay coatings around mineral
grains and crystallization of florenzite-like mineral (CeAl,
(PO,),(OH),) were described in podzolic soils in the Tatra
Mts. Layer silicates dissolution, transformation and precipi-
tation is described in details by M. Skiba (2007).

Stop 4. Liliowe Pass

The Liliowe Pass is cut within the Mesozoic strata underly-
ing the Goryczkowa Crystalline Island. First sedimentary rock
met on the way down from Mt. Beskid is almost black Middle
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Fig. 16. Dissolution microtextures of soil minerals in the soil thin sections and as separated grains: A. Dissolved chloritized biotite
(Bt/Chl), scanning SEM BSE image (electron microscope image, back sccatered electrons); B. Deep, irregular weathering holes in K-
feldspar grain (K-fs), SEM BSE image; C. Microphotograph of weakly weathered muscovite (Ms), crossed nicols, scale bar corresponds
to 1 mm; D. Plagioclase (P1) dissolved along cleavage directions SEM BSE image; E. Dissolution microtextures on magnatite grain, SEM
SE (secondary electrons) image; F. Strongly dissolved apatite, SEM SE image.

Mikrotekstury wietrzeniowe mineratow w glebie w ptytkach cienkich i preparatach nasypowych: A. Rozpuszczony zchlorytyzowany
biotyt (Bt/Chl), obraz SEM BSE (skaningowy mikroskop elektronowy, obraz przy uzyciu elektrondéw wstecznie rozproszonych); B.
Glebokie, nieregularne kanaty w ziarnie skalenia potasowego (K-fs), obraz SEM BSE; C. Zdjgcie mikroskopowe stabo zwietrzatego
muskowitu (Ms), skrzyzowane nikole, odcinek skali odpowiada 1 mm; D. Plagioklaz (P1) rozpuszczony wzdtuz powierzchni tupliwosci,
obraz SEM BSE; E. Tekstury wietrzeniowe na powierzchni ziarna magnatytu, obraz SEM SE (obraz przy uzyciu elektronéw wtdrnych);
F. Silnie zwietrzaty apatyt, obraz SEM SE

Triassic limestone of lower High Tatric (Czerwone Wierchy) Jurassic quartzite and Upper Jurassic to Lower Cretaceous
Nappe. This nappe was strongly tectonically reduced during (Urgonian) light grey limestone separates those soft sediments,
thrusting and is represented only by detached single blocks forming a gentle elevation in the middle of the pass. The lime-
near the path. The underlying High Tatric autochthonous de-  stone is karstified with rillenkareen on the rock surfaces. Deep
posits are thicker but also intensely synsedimentary and tecto-  cracks parallel to the crest (trending E-W) divide them into
nically reduced. Broad saddle of the pass developed on easily  blocks of a few meters in diameter. They are the ridge trenches
weathering rocks: Albian - Cenomanian marls (Western part) generated by mass movements in the early post-glacial time.
and of upper Seisian thin to medium bedded red sandstone and It this case they are relatively small. The biggest are known in
mudstone (eastern part; see Fig. 17). Narrow belt of Lower the Western Tatras and are up to 1 km long.

64



The Tatra Mts. — rocks, landforms, weathering and soils

SE

C‘e G
. . Ru oy,
Skrajna Turnia e, Ny
_tooth h’/$$<4;‘qp N

fossil weathering zone

Carboniferous -
granitoids

crystalline core

Seisian

pper
Jurassic- -
Urgonian| Cenomanian
High-Tatric Autochtonous
Sedimentatry Cover

NW

[ma.s.l]

2050
Beskid Mt.

2000
1950

1900

Albian +

Middle Goryczkowa Crystalline
Triassic Island
Czerwone Giewont Nappe

Wierchy N. PP

Fig. 17. Geological section along the main crest near Liliowe Pass (by 1. Felisiak). « Przekroj geologiczny wzdtuz grani gtéwnej w rejonie
przeteczy Liliowe (wg 1. Felisiaka). Objasnienia: tooth — zab, fossil weathering zone — kopalna strefa wietrzenia (pozostate jak na Fig. 12)

Solifluction

Slow downslope movement processes are ubiquitous on
mature slopes in the Tatras. Particular attention should be
paid to the contribution of frost phenomena in soils, because
freeze-thaw cycles play a crucial role in mass movement
processes. These processes may lead to significant geo-
morphic change, accompanied by deformation of soils. The
occurrence of small cryogenic forms (thufurs) were reported
(Jahn, 1958, 1979; Midriak, 1972; Oleksynowa & Skiba, 1976,
1977; Kotarba, et al., 1987), while the occurrence of perm-
afrost is still discussed (Baranowski, et al., 2005; Dobinski,
2005). The non-glaciated parts of the Tatra Mts were affected
by periglacial conditions during Pleistocene until the Early
Holocene. Above the upper timberline, within the alpine zone,
the rapid and slow mass wasting processes are ubiquitous.
The distribution of particular geomorphologic processes and
— as a consequence — geomorphologic influence on soils de-
pends on local differentiation of relief development.

It is necessary to take into account processes as: creep,
solifluction, and gelifluction. These terms, as well as corre-
sponding morphological forms, have not yet been defined
unequivocally (Matsuoka, 2001). In modern understanding,

T
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Fig. 18. Soil profile from Liliowe pass, phot. M. Drewnik ¢ Profil glebowy z przetgczy Liliowe, fot. M. Drewnik
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solifluction precludes rapid slope failures that reflect slide or
flow over a shear plane, such as active-layer detachment slides.
Therefore, solifluction represents collectively the slow mass
wasting, associated with freeze-thaw action and it is classified
into four types — including gelifluction (Matsuoka, /.c.). The-
se processes are common within periglacial environments
(Elliot & Worsley, 1999; Gorbunov & Seversky, 1999; Hu-
genholz & Lewkowicz, 2002; Ridefelt & Boelhouwers,
2006).

There are only several places, where solifluction lobes in
the Tatra Mts occur (including Liliowe pass). The characte-
ristic places can be described as gentle slopes (usually below
10°) where granitoides adjoin shales. The internal morpholo-
gy of the form (Fig. 18) suggests, that two buried humus
horizons and several geological layers occur. The form has
certain features, among others: the asymmetrical shape in the
oblong profile and the deflation hollow above them.

In comparison to typical periglacial environments (Ber-
tran, et al., 1995; Kinnard & Lewkowicz, 2006; Nyberg, 1993),
the lobes in the Tatra Mts are relatively small. The occurren-
ce of lobes in this area probably depends on the high hetero-
geneity of the regolith texture (Fig. 19).
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2 <— sand separate (2-0.05 mm) %

Fig. 19. Texture of soils; a — soil developed within solifluction lobe
(profile GR30, Liliowe pass), b — other soils (from Drewnik, 2008)
+ Uziarnienie materiatu glebowego; a — gleba wyksztatcona w lo-
bie soliflukcyjnym (profil GR30, przetecz Liliowe), b — inne gleby
(z pracy: Drewnik, 2008)

This heterogeneity facilitates processes such as solifluction
or gelifluction (Kinnard & Lewkowicz, I.c.). Another intrinsic
soil feature is the relatively low bulk density thus relatively
high porosity which traps water and plays a significant role in
the formation of lobes (Bertran, 1993). The radiocarbon dating
of buried humus (Fig. 20) confirms that there are no favorab-
le conditions for the solifluction process within the alpine zone
in the Tatra Mts. There is a problem in the recognizing of the
mechanism of the material moving in the lobes.

Micromorphological pedofeatures prove the contribution
of frost phenomena (Fig. 21) (Van Vliet-Lanoé€ et al., 2004).
Other features attest to the occurrence of several layers (geo-
logical, not pedogenic) within the profile. It is likely that the
origin of the presented lobe is related to the mechanism of
movement on the border between solifluction and the flow or
massive sliding (with the mixing of material). Probably the
best statement is gelifluction according to Matusoka (2001),
because of the preservation of the buried humus horizons.

The genesis of the hollow is connected to the disruption
of humus horizons during the transfer of material. Therefore,
it suggests relatively rapid mass movements. The occurrence
of deflation hollows creates the higher differentiation of
edaphic conditions within area, where lobes occur. Moreover,
this phenomenon is conducive to secondary geomorphic
processes such as wind erosion and fluvial erosion.

Stop 5. Skrajna Turnia

From the Liliowe Pass we proceed towards SE over coarse
debris of red quartzite sandstone of Seisian (Early Triassic)
age, dipping to N. Roughly 50 m above the pass the ridge
gets horizontal and path crosses the sandstone of the
lowermost Seiss, which forms a characteristic rock tooth
(Fig. 22). The Seisian sandstone is the hardest rock in the
Tatras. Distinctly bedded red sandstone is coarse grained
and contains pebbles of crystalline rocks. They are underlain
by pink pegmatite granite disintegrated to a depth of 3-4
meters into angular fine grained particles. This fossil Early
Triassic weathering zone of the crystalline core crops out
above another small ridge trench, running below the crest
along its NE side.

Stop 6. Anisian limestone

From Skrajna Turnia we come back to Liliowe Pass and
descend northwards to Hala Gasienicowa, following a belt of
Mesozoic strata separating crystalline rocks of the core on
the right (east) from the crystalline rocks of the base of the
Giewont Nappe (Goryczkowa Crystalline Island) on the left.
200 m below the pass we reach small crag (Fig. 11) built of
Anisian (Middle Triassic) limestones, belonging to lower High
Tatric (Czerwone Wierchy) Nappe.

Rendzinas (from Polish: redzina)

The properties of soils formed on different carbonate rocks
(Rendzic Leptosols, Calcaric Leptosols) have some common
certain features. They are: loamy texture (grain composition),
usually considerable amount of skeleton (stones and gravels),
well-developed angular or subangular structure, alkaline or
neutral pH, high level of base saturation. Within the mountain

Fig. 20. Results of radiocarbon
dating and rock fragments litho-

logy as percent of weight within
solifluction lobe (profile GR30,
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GR30-¢3 (Gd-15877)
BP 480+ 70

Liliowe pass); rock fragments
= 100 %; a — granitoides, b
— shales (from: Drewnik, 2008)
* Wyniki datowania metoda we-
gla radioaktywnego oraz sktad
petrograficzny czg$ci szkieleto-
wych w procentach wagowych
w lobie soliflukcyjnym (profil
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Fig. 21. Cryogenic microforms in the solifluction lobe (GR 30 profile, Liliowe pass); clay-silt capping (sc) on the surface of shale (sh)
(figure a) and random oriented clay-silt material deposited within bottom part of lobe (figure b) (6BC1 horizon); crossed polarizers (from:
Drewnik, 2008) » Mikroformy kriogeniczne w lobie soliflukcyjnym (profil GR30, przetecz Liliowe); nacieki itowo-pytowe (clay-silt cap-
ping — sc) na powierzchni fragmentoéw tupka (sh) (rycina a) oraz materiat itowy i pylowy przemieszczony i chaotycznie zdeponowany w
nizszej czgsci lobu (poziom 6BCl); polaryzatory skrzyzowane (z pracy: Drewnik, 2008)

Skrajna Turnia

Fig. 22. Skrajna Turnia and Liliowe Pass from the way to Karb
Col. Notice scree rampart at foot of Skrajna Turnia. Dotted line
points sedimentary contact of Seissian quartzite with crystalline
basement, phot. M. Drewnik ¢ Skrajna Turnia i przelecz Liliowe
z drogi na przetgcz Karb. Wykropkowano kontakt kwarcytow
wezesnego Triasu z trzonem krystalicznym. Pod $ciang widoczne
hatdy usypiskowe, fot. M. Drewnik

areas the morphology and properties of the humus horizons
deserve particular attention, because these part of soil profi-
le strongly depends on the climate and vegetation.

The peculiarity of mountainous rendzinas

The soils with very well developed ectohumus horizons
—tangelmor (after Bochter & Zech, 1985) occur under dwarf
pine thickets in the subalpine zone. The raw humus (Ofh)
horizons, together with the Oh- and Ah-horizons, are more
than 30 cm thick. They contain more than 300 mg g of or-
ganic carbon. Within this geoecological zone, the parent
material does not influence the properties of soil humus.
Organic matter occurs mainly within the free fraction, regard-
less the parent material within those horizons. The C:N ratio
is around 30. The humification index (HI) is very low — ap-
proximately 10% (Fig. 15).

The above mentioned ectohumus horizons (consisting of
raw humus) are responsible for uncommon soil properties. In
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Fig. 23. Sinkhole, phot. I. Felisiak * Lej krasowy reprodukowany
w utworach morenowych i jednoczesnie czynny ponor (,,tykawiec”),
fot. I. Felisiak

spite of calcareous parent rock the soils are generally very
acidic in the sub-alpine zone, particularly within top ca. 0-30
cm, which strongly shape the edaphic conditions.

Stop 7. Sinkhole

Below the exposure of the Anisian limestone the path de-
scends to the valley floor where Mesozoic strata are usually
hidden underneath moraine deposits. At Hala Gasienicowa Alp
(up to Murowaniec hut) they are in majority intensely karstified
massive Upper Jurassic to Lower Cretaceous (Urgonian) lime-
stones of the High Tatric Nappes. Some karst pits or other karst
conduits opened to the surface of the limestones reproduced
on the surface within overlying glacial deposits, forming nu-
merous, actually mostly dry sinkholes or small dolines. Some
of them are active swallow holes, as the presented one (Fig.
23). It drains Sucha Woda stream towards west, perpendicu-
larly to local watershed. This uderground drainage system runs
to the big karst spring Wywierzysko Goryczkowe in the Bystra
Woda valley (at the foot of My$lenickie Turnie). It is parallel
to the contact of High Tatric Nappes with the Krizna Nappe,
build here mostly of non-karstifying rocks. Similar phenom-
enon occurs in the middle part of the Sucha Woda valley drained
westward underneath the local watershed to Wywierzysko
Olczyskie (for location see map on Fig. 1).
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Fig. 24. Terminal and lateral moraines of the maximum Wiirm
stage in the lower part of the Sucha Woda valley. Explanations as
in Fig. 4. Base ortophotomap: Matopolski Urzad Marszaltkowski
(http://mapy.wrotamalopolski.pl/wrotamalopolski.htm) « Koncowe
iboczne moreny lodowca maksimum Wiirm w dolnej czgsci Doliny
Suchej Wody. Objasnienia jak na fig. 4. Podktad: ortofotomapa
z portalu Matopolskiego Urzedu Marszatkowskiego (http:/mapy.
wrotamalopolski.pl/wrotamalopolski.htm).

Through Dolina Stawow Ggsienicowych valley

On a whole way from Mt. Kasprowy Wierch (stop 2) to
Karb Col (Stop 8) we can watch impressive mountainous
landscape shaped by young glaciation. The valley floor is
covered by debris and blocks of various origin: gravitational
(scree) or glacial (melt-out rock debris or residuum of surface
moraine). Barren granitoid rock smoothed out by the glacier
exposes in elevations (roches moutonnées). Unfortunately,
grooving or striations are rare. Numerous lakes are formed
in the terminal depressions mostly of stages ‘g’ and ‘h’ (see
Tab. 2 and Fig. 3). They are dammed by the bedrock ridges
(“riegels”) and (or) ridges of terminal moraines.

Bottom sediments rich in organic matter of some lakes
were dated with the use of the radiocarbon (**C). The dates
obtained (10,040 +150 years BP from Zielony Staw lake and
10,190 +300 years BP from gyttja from Kurtkowiec Lake;
Baumgart-Kotarba & Kotarba, 2001) point to Late Wiirm —
Early Holocene age of the sediments and, thus, final degla-
ciation of the depressions of both lakes (stage ‘h’).

This part of the valley floor is located on a relatively big
altitude (ca 1,600 — 1,900 m a.s.l.) within “alpine periglacial
zone” and therefore susceptible to the contemporary frost
action (as it certainly was during the glacial epoch, in parts
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free of ice). Some frost processes are still active. They are,
e.g.: multi-annual and seasonal ground freezing, frost sorting,
cryoturbation, frost shattering, frost jacking. Small thufurs,
patterned ground and block fields can be seen as their result.
Problems dealing with the occurrence (or not) of solifluction
has been discussed above.

Stop 8. Karb Col

Passes, cols and gullies are carved within mylonites and
cataclasites of fault zones in areas built of crystalline rocks.
On the Karb Col granitoids seems to be unchaged and only
greenish shade of the rock indicates chloritization. Mylonites
are exposed a few meters below to the north-east, in the
gully falling down to Czarny Staw Lake. They are soft and
brittle green shists, composed of chlorite, crushed quartz and
feldspar grains, and surrounded by dark, grey-greenish,
strongly brecciated granitoids.

To the north of the col, on the crest of Maty Koscielec Mt.
granite with big pink K-feldspars crops out. It is typical for
marginal zone of the High-Tatra granitoid massif, so called
pegmatite granite. On the way down to the Czarny Staw Lake
pink granite passes into typical grey, medium-grained gra-
nodiorite. The latter one is very resistant and together with
tonalites build summits that surround the lake from the sou-
th and east.

Stop 9. Czarny Staw Gasienicowy Lake

Mechanical weathering, mainly freeze-thaw processes and
mass movements can be seen on the slopes of the Zo6tta Turnia
(Fig. 6). Debris flow falling down through grooves forms a
big cone at the bottom of the slope. Cone is covered stepwise
by dwarf pine. On the photograph (Fig. 6) and probably also
while visiting the Czarny Staw Gasienicowy lake we can
observe two new lobes of debris filling two grooves and fee-
ding both sides of the cone. Cones interconnect at the bottom
of the slope and form continuous cover — block field.

Well exposed glacially smoothed granites with traces of
striation can be seen on the northern shore of the lake. Water
infills the terminal depression formed by the glacier tongue
of stage ‘g’ (Alpine Gschnitz or Gardno stage).

Bottom lake sediments rich in organic matter has been
thoroughly investigated (Baumgart-Kotarba & Kotarba,
2001). It appeared that abrupt increase of organic matter
within muddy lake sediments (from 1.5% to above 20%) took
place 12,500 +420 years BP (according to "“C dating). This
points to Alpine Gschnitz stage (ca 13,000 years BP) as the
age of the ‘g’ or Czarny Staw lake end moraine.

Stop 10. Sucha Woda terminal and lateral moraines

Lower part of the Sucha Woda valley around Brzeziny is
an exceptional place in the Polish Tatras where terminal and
lateral moraines of the maximum Wiirm stage preserved al-
most perfectly. They form impressive “apmhitheatre” of
ridges and shallow swampy depressions among them stret-
ching well beyond the mountains (Figs. 4 and 24). Some of
the depressions are infilled with water. The largest is Lower
Toporowy Staw Lake. Moraine ridges are oriented with their
concave sides towards SSW, i.e. towards outlet of the Pan-
szczyca valley. It seems that they were laid down rather by
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the Panszczyca Glacier than the Sucha Woda Glacier, despi-
te bigger length and area of the latter (Fig. 3). Unfortunately,
the site is not easily accessible for studying as it is located
beyond the path open to the public and intensely forested.

Good preservation of not only terminal but also lateral
moraines allowed for estimation of palaeo snow line (ELA)
during the Wiirm maximum glaciation for 1,500 — 1,760 m
a.s.L. (¢f Klimaszewski, 1988). Moreover, **Cl isotope dating
revealed age 21 ka BP (Dzierzek, et al., 1999) synchronous
with the Leszno stage of the Scandinavian glaciation on Polish
Lowlands (see Tab. 1). It seems that remnants of inactive ice
persisted much longer in lowermost parts of the Tatric valleys
or even on their forefield than in cirques which were free of
ice since probably 13 ka BP (Alpine Gschnitz stage; ¢f. Baum-
gart-Kotarba & Kotarba, 2001).

Humus in soils under coniferous forest

The thickness of ectohumus horizons is slightly more than
10 cm in the soils of the coniferous forest (upper montane
zone or within lower montane zone on crystalline rocks). Raw
humus (Ofh) horizons occur under spruce trees, with a
morphology that is similar to that of the raw humus horizons
in the subalpine belt, although not as thick. Organic carbon
concentration is also very high — more than 200 mg g'. The
organic matter occurs mainly within the free fraction and the
C:N ratio approaches 25, which suggests a low intensity of
decomposition. The humification index in those horizons is
very low (5-25%), which suggests a low intensity of humifi-
cation. The humus in those soils was described as mor or
mor/moder (Drewnik, 2006). O

Streszczenie
Tatry — skaly, rzezba, wietrzenie i gleby
Wycieczka pokongresowa 3

Marek Drewnik, Ireneusz Felisiak, Irena
Jerzykowska & Janusz Magiera

Rzezba

(J. Magiera)

Alpejska rzezbe Tatry zawdzigczaja trzem glownym czyn-
nikom: budowie geologicznej (szczegodty zob. Felisiak, ten tom),
neogenskiej denudacji oraz zlodowaceniom plejstocenskim.
Granitoidowe Tatry Wysokie sa bardziej odporne na erozj¢ niz
Zachodnie i Bielskie, zbudowane gtéwnie ze skat osadowych
i metamorficznych. Postorogeniczne podnoszace ruchy tekto-
niczne przerywane byty kilkakrotnie okresami denudacji.
Wynikiem byl zapewne wielopigtrowy dojrzaly krajobraz ta-
godnych gor. Dzisiejsze grzbiety, szczyty, wzniesienia i gérne
partie dolin walnych, ktore uktadaja si¢ w kilka ,,pozioméw”
czyli ,,powierzchni zréwnania”, sa interpretowane, zgodnie
z teorig Davisa (1899), jako jego pozostatos¢. Klimaszewski
(1965) wyroznit w Karpatach, w tym tez w Tatrach, pi¢¢ takich
poziomow. Pézno pliocenska denudacja byta decydujaca dla
rozwoju plejstocenskich lodowcow. Uformowata ona rozlegte
doliny, potozone powyzej granicy wiecznego $niegu, czyli ok.
1500-1600 m n.p.m. w czasie ostatniego zlodowacenia i po-
dobnie, lub nieco nizej, w czasie starszych zlodowacen. Doli-
ny te zostaty nastgpnie we wczesnym plejstocenie rozcigte
erozyjnie. To ,,odmtodzenie” bylo intensywne w podatnych na
erozj¢ Tatrach Zachodnich. Proces ten przetrwaly tam tylko
niewielkie, najwyzej potozone cz¢sci p6zno pliocenskich dolin.
W odpornych na erozjg¢ Tatrach Wysokich zachowaty si¢
znacznie wigksze czgsci tych dolin. Byty one w plejstocenie
obszarami akumulacyjnymi §niegu, firnu i lody lodowcowego.
Znacznie lepiej zatem ,,0dzywione” lodowce Tatr Wysokich
byly znacznie dtuzsze i grubsze niz lodowce w Tatrach Za-
chodnich czy Bielskich (Fig. 2).

W Tatrach zachowaty si¢ jedynie osady i formy lodowco-
we ostatniego zlodowacenia. Slady weze$niejszych lodowcow
zostaly przezen usunigte. Natomiast liczne terasy i stozki
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rzecznolodowcowe, widoczne na przedpolu Tatr, §wiadcza
o kilkukrotnym zlodowaceniu tych gor. Poczatkowo (np.
Partsch, 1923) rozpoznano jedno lub dwa zlodowacenia,
obecnie uznaje si¢ ich cztery lub pi¢é. Nazywane sa trady-
cyjnie nazwami wprowadzonymi przez Pencka i Briicknera
(1909), jednak ich pozycja stratygraficzna i korelacja ze zlo-
dowaceniami skandynawskimi jest obecnie inna, m.in. dzig-
ki licznym ostatnio datowaniom, gléwnie metoda TL (Lind-
ner, et al., 1993; Tab. 1). Ostatnie zlodowacenie zaczglo si¢
w Tatrach ok. 115 ka B.P. a swoj maksymalny zasigg osiag-
ne¢to okoto 21 ka B.P. (Dzierzek et al., 1999). Najdtuzszy byt
lodowiec Biatej Wody (12,5 km), Lodowiec Suchej Wody
Gasienicowej miat 7,8 km dtugosci. Lodowce Tatr Zachodnich
byty znacznie kroétsze, np.: Bystrej — 6,4 km, Koscieliski —
4,8 km. Grubo$¢ lodowcow zwykle nie przekraczata 200 m
(Klimaszewski, 1988), jedynie w Bialej Wodzie siggajac
230 m lub nawet 260 m (Luknis, 1973).

Doliny: Suchej Wody i Panszczycy

Doliny te tworza razem jeden z wigkszych systemdéw do-
linnych Tatr, a wypetniajacy je w Wiirmie dendrytyczny
lodowiec byt trzecim co do powierzchni (1.410 ha) na p6inoc-
nych stokach Tatr (Fig. 3). Konczyt si¢ on w juz na przedpo-
lu gor, w okolicy Brzezin, gdzie pozostawil imponujacy
amfiteatr moren koncowych, z licznymi depresjami po mar-
twym lodzie, obecnie zatorfionymi lub wypelnionymi woda
(Toporowe Stawy).

Zanik tego lodowca przebiegat etapami. Ich liczba okre-
$lana jest na 11 (Dzierzek et al., 1986a) lub 10 (Baumgart-
Kotarba & Kotarba, 2001; Fig. 4). Tabela 2 pokazuje ich ko-
relacje z fazami alpejskimi Wiirmu i fazami nizowymi zlo-
dowacenia Wisty.

Szczegolnie interesujacy jest krajobraz glacjalny Doliny
Stawow Gasienicowych (Fig. 5). Widoczne sa tam moreny
koncowe i rygle skalne faz recesyjnych e —j (Tab. 2). Liczne
jeziora (,,stawy”’) wypetniaja depresje koncowe.

Dolina Bystrej

Dolina Bystrej ukazuje znacznie ubozszy zestaw osadow
i form glacjalnych. Silne rozcigcie erozyjne we wczesnym
plejstocenie spowodowalo, ze pdzniejsze lodowce zasilane
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byly tam z niewielkich poél firnowych i byly stosunkowo
krotkie. Dolina Kondratowa nie byta w Wiirmie zlodowaco-
na, poza matym lodowcem karowym. W jej dolnej czesci
istniatlo wowczas jezioro, utworzone z wod proglacjalnych,
zatamowanych przez moreng boczna lodowca Doliny Suche;j
Kondrackie;j.

Lodowce gruzowe i zjawiska peryglacjalne

Istnienie lodowcow gruzowych w czasie ,,matej epoki
lodowcowej” (wiek XVI do potowy XVIII), jakkolwiek po-
stulowane przez Dzierzka i in. (1986Db), jest dyskusyjne.
Baumgart-Kotarba i Kotarba (2001) uwazaja, ze niektore
moreny recesyjne fatwo moga by¢ blednie uznane za pozo-
statosci lodowcow gruzowych. Na omawianym obszarze
rozpoznali oni tylko dwa male reliktowe lodowce gruzowe
(Fig. 4). Mimo wskazowek, wynikajacych z badan elektro-
oprowych w Dolinie Pigciu Stawoéw Poalskich i w Dolince
Koziej, brak jest, jak dotad, przekonywajacych dowodow na
istnienie w Tatrach wiecznej zmarzliny.

Na obszarach wolnych od lodu wystgpowaty w plejstoce-
nie zjawiska peryglacjalne. Niektore z nich, wigzane z gorska
strefa peryglacjalna, sa aktywne takze obecnie. Sa to: sezo-
nowe przemarzanie gruntu, soliflukcja, pekanie i sortowanie
mrozowe. Loby soliflukcyjne, mate tufury, grunty struktu-
ralne oraz blokowiska sg ich efektem.

Wietrzenie
(1. Jerzykowska)

Wietrzenie jest zespotem proceséw chemicznych, fizycz-
nych i biologicznych zachodzacych na, badz przy, powierzch-
ni Ziemi, prowadzacych do nieodwracalnego niszczenia
struktury skaty i/lub rozpadu mineratow budujacych skale
(Whalley & Warke, 2005). Wietrzenie jest efektem przysto-
sowania sig¢ skaty do panujacych na powierzchni Ziemi wa-
runkoéw fizyko-chemicznych odmiennych od tych, w ktorych
powstata skata. Tempo niszczenia skaty jest zalezne od wie-
lu czynnikéw: przede wszystkim od sktadu i wlasnosci
skaty, oraz od czynnikdéw zewngetrznych m.in. temperatury,
wilgotnosci, zasolenia, dziatalno$ci organizmow (Whalley
& Warke, 2005).

Wietrzenie fizyczne i erozja sa najwazniejszymi procesa-
mi ksztaltujacymi rzezbg terenu. Efekty dziatania obu pro-
cesOw sa najwyrazniej widoczne na obszarach gorskich.
Wietrzenie jest procesem zachodzacym in situ czyli bez
przemieszczania niszczonej skaly, erozja zachodzi wraz
z transportem skaly za pomoca wody, wiatru, lodowcoéw czy
sily cigzko$ci. Najistotniejszym czynnikiem powodujacym
fizyczny rozpad skaty jest temperatura. Zmiany temperatury
powoduja rozluznienie skaty przez rozszerzanie si¢ i kurcze-
nie. Obecno$¢ wilgoci lub soli wzmaga procesy niszczenia
skaty poprzez krystalizacjeg i topienie lodu lub krystalizacje
soli w porach w skale.

Silne wietrzenie fizyczne zwiazane jest w Tatrach z duza
wysokoscia nad poziom morza oraz z obecnoscia pigter kli-
matycznych i roslinnych (Hess, 1996). Duza czg$¢ masywu
wznosi si¢ ponad pigtro lasu, gdzie brak ggstej pokrywy ro-
$linnej utatwia zaréwno wietrzenie jak i erozj¢ skat. Tu naj-
latwiej zaobserwowac efekty wietrzenia i ruchéw masowych.
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Rozdrobniona skata wraz z woda lub btotem zsuwa si¢ po
stokach gor zlobiac zleby. Material akumulowany jest u pod-
ndza stokdw w postaci stozkéow aluwialnych lub blokowisk.

W Tatrach bardzo tatwo mozna zaobserwowac zwiazek
tempa wietrzenia i rodzaju wietrzejacej skaty (Fig. 25). Naj-
wyzsze szczyty Tatr zbudowane sa z odpornych skat krysta-
licznych a nizsze partie gor ze zdeformowanych skat osado-
wych tatwo podlegajacych rozpadowi. Najodporniejszymi
skatami w Tatrach sa piaskowce kwarcytyczne, ktore ze
wzgledu na mata miazszo$¢ nie tworza duzych masywow ale
formuja ostre ,,z¢by” na grzbietach gor. Tatry Wysokie zbu-
dowane sa z rdwniez bardzo odpornych skat granitoidowych.
Przetecze na ich obszarze zwiazane sg z obecno$cia uskokow,
powodujacych oslabienie skat w procesie kataklazy i mylo-
nityzacji.

Dominujaca litologia Tatr Zachodnich, wyraznie nizszych
od Tatr Wysokich, sa skaly metamorficzne (gnejsy i tupki
metamorficzne) o nizszej wytrzymatosci na niszczenie niz
granitoidy. W osadowej czgs$ci Tatr Zachodnich (Serie Wier-
chowe) wyrdzniaja si¢ wysokos$cia szczyty zbudowane ze
srodkowo triasowych, gorno jurajskich oraz dolno kredowych
masywnych wapieni. Obnizenia terenu w Tarach Zachodnich
zwiazane sa z obecnoscia tupkéw mutowcowo-ilastych
i ztupkowanych margli. Tatry reglowe odznaczaja si¢ duzo
mniej zréznicowang rzezba terenu, zwiazana z przewaga
hipkéw mulowcowo-ilastych, margli i cienkotawicowych
wapieni na tym terenie (Bac-Moszaszwili & Gasienica Szo-
stak, 1992). Wietrzenie chemiczne jest zespotem nieodwra-
calnych proceséw powodujacych rozpad skaly. Najwazniejsze
z nich to: rozpuszczanie, hydratacja, hydroliza, utlenianie,
redukcja, karbonatyzacja oraz transport sktadnikow i krysta-
lizacja nowych faz. Wietrzenie chemiczne odgrywa kluczo-
wa role¢ w geochemicznym cyklu obiegu pierwiastkow na
powierzchni Ziemi (White, 1998). Wietrzenie chemiczne
przygotowuje i stymuluje powstawanie gleb.

Pokrywa glebowa
(M. Drewnik & 1. Jerzykowska)

Gleba jest przypowierzchniowa, bardzo cienka warstwa
litosfery wykazujaca duza reaktywnosé. W tej niewielkiej
objetosciowo warstwie §cieraja si¢ procesy dzialajace w at-
mosferze, hydrosferze, biosferze i litosferze. Gleba zazwyczaj
sktada si¢ z kilku pozioméw glebowych. Ich obecnos¢ i wy-
ksztatcenie zaleza od klimatu, roslinno$ci i podtoza, na
ktorym powstaje gleba oraz od czasu. W modelowym profilu
glebowym najwyzszym poziomem glebowym jest poziom
organiczny O, ponizej ktorego wystepuje prochnicowy po-
ziom akumulacyjny A. Poziom ten zazwyczaj bogaty jest w
amorficzne substancje organiczne zwane humusem (proch-
nica). Pod poziomem A wystepuje niekiedy poziom eluwial-
ny (wymywania) E. Usuwane z poziomu A i E substancje
osadzane sa w poziomie wmywania B. Poziom ten ubozszy
jest w materi¢ organiczng a bogatszy w mineraty ilaste
i zwiazki zelaza i glinu. Poziom C jest poziomem przejscio-
wym do nie zwietrzalej skaty macierzystej R.

Zréznicowanie pokrywy glebowej Tatr nawiazuje przede
wszystkim do zréznicowania geologicznego skal wystepuja-
cych na powierzchni. Nautworach krystalicznych trzonu oraz
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na krystalicznych utworach morenowych dominuja gleby
bielicowe lub gleby stabo wyksztalcone (rankery), natomiast
na zwietrzelinie skat osadowych wystepuja rézne warianty
redzin (na utworach weglanowych) lub gleby brunatne (na
innych skatach osadowych). Na to podstawowe zréznicowa-
nie pokrywy glebowej naklada si¢ zmiennos¢ wlasciwosci
gleb zwiazana z pigtrowoscia geoekologiczna. Wraz ze wzro-
stem wysokoS$ci n.p.m. — wraz ze spowolnieniem procesow
humifikacji i mineralizacji — nastgpuje gromadzenie sig spe-
cyficznej materii organicznej, ktorej cechy, oprocz wptywu
klimatu, wynikaja takze z rodzaju substratu roslinnego wy-
stepujacego w poszczeg6lnych pigtrach roslinnych. Ponadto
gleby znajduja si¢ pod wplywem oddzialywania procesow
morfogenetycznych, zar6wno sekularnych, jak i katastrofal-
nych. Zréznicowanie przestrzenne oraz intensywnos¢ tych
procesow warunkuja wystgpowanie gleb stabo wyksztatco-
nych oraz inicjalnych.

W Tatrach obserwujemy silna zalezno$¢ pomigdzy glebami
a roslinno$cia. Plytkie i stabo wyksztatcone gleby porasta
ro$§linno$¢ pionierska. Kwasne gleby bielicowe pokryte sa la-
sami $wierkowymi, kosodrzewina lub kwasolubnymi zespo-
tami roslinnosci trawiastej. Bardzo zasobne w tatwo przyswa-
jalne sktadniki odzywcze redziny sa siedliskiem dla wielu
gatunkow drzew, dla kosodrzewiny oraz wielogatunkowych
zbiorowisk roslinnosci zielnej (Komornicki & Skiba, 1996).

Opis stanowisk
1. Kuznice

Znajdujace si¢ w dolinie Bystrej Wody Kuznice byly
w XIX wieku waznym osrodkiem hutniczym. Sa one poto-
zone ponad kilometr wgtab Tatr, ktérych péinocna granica
przecina drogg do Kuznic ok. 0.5 km na S od ronda. Po tej
stronie potzrebu Tatr ma ona charakter fleksury (Fig. 13)
a ostry kontrast morfologiczny z Zapadliskiem Podhalanskim
wynika z duzej réoznicy w odporno$ci na erozj¢ migdzy

utworami fliszowymi Paleogenu Centralnokarpackiego
a najnizszymi warstwami paleogenskimi (tzw. Eocen Num-
mulitowy) i skalami Plaszczowiny Kriznianskiej (Fig. 7).
Rzezba doliny wokét Kuznic ujawnia z kolei duze réznice
migdzy ogniwami samej Ptaszczowiny Kriznianskiej. Biate
urwiska Nosala na prawym zboczu doliny buduja odporne,
grubotawicowe wapienie i dolomity srodkowego Triasu
(Kotanski, 1971). Widoczne na wschodzie szerokie siodto
Nosalowej przeteczy i fagodne zbocza nad stacja kolejki sa
wycigte w cienko utawiconych osadach gornego Triasu
i dolnej Jury (T,iJ, na Fig. 25).

Niski zalesiony grzbiet widoczny na prawo, pod Nosalowa
przelecza, jest morena boczna lodowca Bystrej, ktorego
morena koncowa zostata rozmyta przez wody proglacjalne.
Dzisiejsze ptaskie i dos$¢ rozlegte dno doliny wypeiniajg
aluwialne otoczaki, zwiry i piaski. Widoczna z wagonika
kolejki linowej dolna cz¢s¢ Doliny Kondratowej nie byta
zlodowacona. Rozlegta taka w okolicy schroniska to pozo-
stalo$¢ po jeziorze, podpartym boczna moreng lodowca Su-
chej Kondrackiej, na ktorej stoi gorski hotel Kalatowki.

W drodze na Kasprowy W. przesiadamy si¢ na Mys$leni-
ckich Turniach, bedacych fragmentem muru skalnego ciag-
nacego si¢ od Giewontu po Zawrat Kasprowy. Wyznacza on
czoto Plaszczowiny Giewontu, podkreslajace w rzezbie ko-
lejne skokowe zréznicowanie odpornosci skat tatrzanskich
— tym razem serii wierchowych i reglowych. Najwigksze
znaczenie ma w tym kompleks masywnych (tzn. nieutawico-
nych) wapieni srodkowej i gornej Jury oraz dolnej Kredy
(Neokomu i Urgonu; J,-K| na Fig. 7), tworzacy efektowna
gran Dhugiego Giewontu i wierzchotek samego Giewontu
oraz ich potnocna $ciang.

2. Kasprowy Wierch

Zaraz za Myslenickimi Turniami kolejka wjezdza nad
obszar zbudowany ze skat krystalicznych nasunigtych w spa-
gu Plaszczowiny Giewontu na skaly mezozoiczne — Wyspe
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Fig. 25. Profil litostratygraficzy serii skat tatrzanskich z zaznaczona odpornoscia na wietrzenie poszczegoélnych typow litologicznych (z:

Bac-Moszaszwili & Gasienica Szostak, 1992, zmienione)
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Krystaliczna Goryczkowej (Fig. 12, dalsze informacje
w: Felisiak, ten tom). Trzon krystaliczny jest tu mocno obni-
zony (tzw. Depresja Goryczkowej) i obnizona jest tez gran
gtéwna Tatr, w ktorej lezy Kasprowy Wierch. Skaty okrywy
mezozoicznej, zalegajace zwykle na zboczu potnocnym,
siggaja az do dna doliny Cichej po potudniowej stronie grani,
a izolowanymi platami zalegaja na lewym jej zboczu. Miato
to swoje konsekwencje nawet w rozmieszczeniu lodowcow.
Dolina Stawow Gasienicowych byta silnie zlodowacona
w czasie Wiirmu, natomiast dolina Cicha miata jedynie mate
lodowce karowe (Fig. 2). Utworzona w podatnych skatach
osadowych i metamorficznych zostata zapewne znacznie
silniej rozcigta erozyjnie przed plejstocenem.

Znakomicie widoczna z Kasprowego Dolina Stawow Ga-
sienicowych ukazuje krajobraz charakterystyczny dla mto-
dych, gorskich obszaréw glacjalnych: dno doliny pokryte
polodowcowymi blokami skalnymi, liczne barance, jeziora
wypetniajace depresje koncowe. Bogate w materi¢ organicz-
na osady denne Zielonego Stawu zostaty wydatowane meto-
da radioweglowa na 10,040 150 lat BP, a gytja z Kurtkowca
na 10,190 +300 lat BP (Baumgart-Kotarba & Kotarba, 2001).
Wskazuje to na przypadajace na przetom poéznego Wiirmu
i wezesnego holocenu ostateczne wytopienie martwego lodu
z depresji obu jezior.

3. Beskid

Migdzy Kasprowym Wierchem a Beskidem mozna prze-
kona¢ si¢ o réznorodnos$ci skat krystalicznych Wyspy Go-
ryczkowej. W grani odstaniaja si¢ gnejsy, tupki krystaliczne,
granity pegmatytowe z réozowymi skaleniami i amfibolity.
Sam skalisty, nagi wierzchotek Beskidu jest utworzony
z bardzo odpornych granitoidéw zblizonych do typowego
szarego tatrzanskiego ,,granitu”, bedacego w zaleznosci od
lokalnej odmiany granodiorytem badz tonalitem. Gleby
rozwingly si¢ dopiero na zwietrzelinach okrywajacych stoki
Beskidu. Sa to bielice i rankery bielicowe posiadajace specy-
ficzne wlasciwosci morfologiczne, mikromorfologiczne,
chemiczne i mineralogiczne — inne niz w glebach bielicowych
obszaréw nizowych.

4. Przel¢cz Liliowe

Profil warstw Autochtonu Wierchowego i Plaszczowiny
Czerwonych Wierchéw (PCW) jest w rejonie Liliowego silnie
zredukowany synsedymentacyjnie i tektonicznie (Kotanski,
1971). Najbardziej przy nasuwaniu Ptaszczowiny Giewontu
ucierpiata PCW, zachowana jako pojedyncze glazy niemal
czarnych wapieni §rodkowego Triasu. Szerokie siodto prze-
leczy powstato dzigki niskiej odpornosci skat osadowych
podscielajacych Wyspe Krystaliczng Goryczkowej — gtownie
margli tupkowych Kredy (Albu-Cenomanu) i czerwonych
hipkéw mutowcowo-ilastych przetawicajacych piaskowce
kwarcytowe wyzszej czgsci dolnego Triasu (T, na Fig. 25).
Przedziela je wktadka wapieni gornej Jury i dolnej Kredy
(Urgonu), tworzacych nieznaczne wzniesienie posrodku
przeteczy po potudniowej stronie (Fig. 17). Nieprzepuszczal-
ne podtoze margli kredowych po zachodniej strony przelgczy
sprzyja zatrzymywaniu wody w pokrywie zwietrzelinowe;j,
nasilajac ruchy masowe czynne mimo matego nachylenia
zboczy. Dzigki temu na przelgczy Liliowe znajduja si¢
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wspotczesnie aktywne loby soliflukcyjne rozwinigte na mie-
szaninie zwietrzelin roznych skat.

5. Skrajna Turnia

Kontakt sedymentacyjny piaskowcow kwarcytycznych
nizszego dolnego Triasu (Seisu) z podtozem krystalicznym
odstania si¢ w potowie podejs$cia na Skrajna Turni¢, migdzy
charakterystycznym zg¢bem na grani (Fig. 22) a niewielkim
rowem zboczowym podcinajacym go od pdinocy. Silnie
zwietrzala jeszcze we wczesnym Triasie stropowa partia
granitow rozsypuje si¢ na gruba, ostrokrawedzista ,,kasze”.
Sprzyja to powstaniu z¢ba, ktory obserwuje si¢ w analogicz-
nej sytuacji w wielu miejscach (np. nad przeteczami Iwania-
cka, Tomanowa, Mechy).

6. Skaltka wapieni Anizyku.

Okoto 200 m ponizej Liliowego znajduje si¢ skatka pocig-
tych zlobkami krasowymi wapieni nizszego Srodkowego
Triasu, reprezentujacych zredukowana tektonicznie Plasz-
czowing Czerwonych Wierchéw. Sa one niemal czarne
i bieleja tylko powierzchniowo w trakcie wietrzenia. Mozna
si¢ o tym przekonaé obserwujac ponizej w Sciezce wapienie
oszlifowane butami turystéw z kory wietrzeniowe;j. Niektore
sktadaja si¢ z czarnych, pokrzywionych wateczkow srednicy
0.5-1 cm, bedacych $ladami penetrowania przez organizmy
mulozerne $wiezego osadu na dnie morza. Takie wapienie
powszechnie okreslane robaczkowymi sa w Karpatach We-
wnetrznych typowe dla Anizyku (wczesny $rodkowy
Trias).

Na przyktadzie gleb wystepujacych na skatce mozna za-
poznac si¢ z wyksztatceniem redzin specyficznym dla obsza-
row o surowym klimacie.

7. Ponor

Ponizej skatki wapieni Anizyku osady mezozoiczne kry-
ja si¢ pod utworami glacjalnymi i o ich obecnos$ci §wiadcza
jedynie leje krasowe reprodukowane w nadktadzie glin mo-
renowych, powstatych ze zwietrzelin skat krystalicznych.
Suche leje trudno odrézni¢ od zaglebien genezy wytopisko-
wej, czgstych na obszarze moreny dennej. Niektore sa jednak
poza dyskusja bo sa czynnymi ponorami (,,lykawcami”),
odwadniajacymi Hal¢ Gasienicowa na zachod az do doliny
Bystrej Wody — do wywierzyska Goryczkowego pod Mysle-
nickimi Turniami (Fig. 1). Podziemny drenaz jest poprzecz-
ny do powierzchniowego dzial wod bo wymuszony tekto-
nicznym kontaktem wapieni Plaszczowin Wierchowych
z przewaznie nie krasowiejacymi skatami Plaszczowiny
Kriznianskiej. Ponory sa roéwnie czgste ponizej schroniska
Murowaniec i skuteczne — koryto potoku jest tam przez
wigksza czg$¢ roku suche. Stad nazwa catej doliny walnej —
Sucha Woda — nadana przez gorali wieki temu. W dolnej jej
czgsci razem z doling Panszcezyca jest ona odwadniana tez na
zachod — do Wywierzyska Olczyskiego (Fig. 1).

8. Karb

Karb to szczerbina zwana na wyrost przetecza a powstala
jak zwykle na obszarze Tatr Wysokich w strefie zbrekcjowa-
nia lub (cz¢$ciej) co najmniej zmielenia skat (kataklazy) przez
uskok. Przy duzym przesunigciu uskokowym mieleniu
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towarzyszy mylonityzacja — powstanie nowych mineratow,
najlepiej wydtuzonych wzdtuz kierunku ruchu (metamorfizm
dyslokacyjny). Strefy tak ostabionych skat jesli sa strome
determinuja przebieg zlebéw opadajacych z danego obnizenia
grani. Jesli zapadaja potogo umozliwiaja powstanie potek
w stromych $cianach lub czasem ich odwrotnosci — okapow.

Na samym Karbie zmiany objawiaja si¢ ciemno zielonka-
wym zabarwieniem granitoidéw sygnalizujacym chloryty-
zacje. Mylonity odstaniaja si¢ ok. 10 m nizej w zlebie
w strong Czarnego Stawu. Maja one posta¢ kruchych, zielo-
nych tupkoéw, czesto o soczewkowej oddzielnosci (typowe;j
dla strefy $cinania), ztozonych z chlorytu i miazgi kwarcowo-
skaleniowej. Otaczajace je granitoidy sa szaro zielone i silnie
zbrekcjowane. Podazajac dalej $ciezka do Czarnego Stawu
mozna na grani Malego Koscielca zaznajomic si¢ z granitami
strefy brzeznej, cechujacymi sie duzymi rozowymi kryszta-
tami skaleni (granity pegmatytowe). Ku dotowi w strong
Stawu przechodza one w typowe dla Tatr Wysokich $rednio-
ziarniste, jasno szare granodioryty.

9. Czarny Staw

Odwiedzajac Czarny Staw Gasienicowy mozna podziwiaé
wystepujace u podnéza Zottej Turni stozki aluwialne powstate

w wyniku splywow gruzowo-btotnych zwietrzeliny. Jezioro
powstato w depresji koncowej fazy ‘g’ (Gschnitz, faza Gard-
na). Jego osady denne wykazuja gwattowny wzrost zawarto-
$ci materii organicznej 12,500 £420 lat BP (Baumgart-Ko-
tarba & Kotarba, 2001). Prog Czarnego Stawu jest zmutoni-
zowany — wygtadzony przez lodowiec i nadbudowany nieco
resztkami moreny.

10. Moreny koncowe Doliny Suchej Wody

Dolna czg$¢ Doliny Suchej Wody Gasienicowej jest miej-
scem wyjatkowym w polskich Tatrach. Imponujacy amfiteatr
moren koncowych i bocznych utworzony zostat przez lodo-
wiec Panszczycy juz na przedpolu gér. W depresjach konco-
wych obecnie sa zabagnienia, rzadziej woda (Toporowe
Stawy). Najdalsza morena koncowa zostata wydatowana
metoda *Cl na 21 ka BP (Dzierzek i in., 1999), co koreluje
maksimum Wiirmu z faza leszczynska Vistulianu. Wyciecz-
ka Doling Suchej Wody jest rowniez okazja do zaobserwo-
wania specyfiki pozioméw prochnicznych gleb w lesie
szpilkowym.

Badania sfinansowano z tematu prac statutowych Akade-
mii Goérniczo-Hutniczej nr 11.11.140.560.
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