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Tatry (Tritri = slovo slovanského pévodu oznacujlce skalné brald) aj napriek svojej malej rozlohe a nevelkej nadmorskej vyske sa v nicom
nemusia hanbit pred mnohymi svetovymi velhorami. Opravnene su oznacované ako najmensie velhory na svete — nase slovenskeé velhory.
Dnesny majestatny a malebny vzhlad Tatier, ktoré ako vzacny prirodny klenot tronia vysoko nad okolitymi horstvami a kotlinami Liptova
a Spisa, je vysledkom stoviek milionov rokov vzajomného superenia vnutornych a vonkajsich geologickych Cinitelov. Energia potrebna na
vytvorenie tejto nadhernej prirodnej architektury pochadza z procesov, ktoré sa odohravali vo vnutri planéty, alebo z geologickych procesov
pohananych sinecnou energiou, pésobiacich predovsetkym na jej povrchu. Pokym dospeli do sucasnej podoby, striedavo boli vysokym
horstvom, zarovnanou susou, ale aj dnom plytkych ¢i hlbsich mori, v ktorych sa ukladali morské usadeniny a zakryvali zvysky odumretych
organizmov a stopy po ich zivote. Tieto dnes ¢asto nachadzame v horninach ako skameneliny. Pocas milionov rokov boli usadeniny
postupne zmenené na pestry subor viac, alebo menej premenenych hornin, ktoré spolu s hlbinnymi horninami granitového zlozenia tvoria
zakladny stavebny material dnesnej velkolepej geologickej stavby. Je vSak potrebné pripomenut, ze miesto ich vzniku sa mohlo nachadzat
aj vo velmi vzdialenych oblastiach. Podobne ako material historickych stavieb bol ich tvorcami ¢asto dovezeny z réznych nalezisk, tak
aj tektonické sily vyvolavané pohybom litosférickych dosiek postupne presuvali stavebné bloky tatranskej skladacky pocas geologickej
historie a zakomponovavali ich do sucasnej prirodnej architektury Tatier (Nemcok et al., 1993, 1994). Architektonické a umelecké diela
postupne vznikajuce v roznych obdobiach historie sa odliSuju svojim slohom, rovnako aj jednotlivé geologické obdobia zanechali v prirodnej
architekture Tatier svoj rukopis. Geoldgovia sa snazia roznymi vyskumnymi metddami desifrovat a pochopit zlozitu geologicku histdriu, ktora
vytvorila tento unikatny prirodny klenot. Jednou z metod geologickej prace je dokumentovanie a hladanie prejavov geologickych procesov
prostrednictvom kresieb a fotografii geologickych objektov. Geofotografia je motivovana vedeckym skumanim, ¢asto sa vsak prekryva s
dokumentaristickym, alebo az umeleckym Stylom.

Panorama juznych svahov Tatier. Foto: Jan Madaras.
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The Tatras (Tritri = a word of Slavic origin referring to rocky cliffs), despite their small size and modest altitude, need not feel overshadowed
by world-famous mountains. They are often referred to as the smallest ,big" mountains in the world. Today's majestic and picturesque
appearance of the Tatras, which like a precious natural gem sit high above the surrounding mountains and basins of the Liptov and Spis
regions, resulted from hundreds of million years of competition between the endogenous and exogenous geological forces. The energy
needed to create this beautiful natural architecture comes from processes that took place inside our planet, or from geological processes
driven by the solar energy, acting primarily on the Earth's surface. These sediments covered and buried the remains of organisms and the
tracks they left. Before they developed into their present form, they alternated between the shape of high mountains, plains, as well as the
bottom of shallow or deeper seas where sediments deposited and covered the remains of dead organisms and traces they left. Today,
these remains are often found in rocks in the form of fossils. Over millions of years, the sediments have been gradually transformed into
a diverse set of more or less metamorphosed rocks, which, together with the deep magmatic rocks of the granite composition, constitute
the basic building material of the today's magnificent geological structure. However, it should be noted that their place of origin could have
been located in very remote areas. Similar to how the material of historical buildings is often transported from various sites by the builders,
the same way the tectonic forces induced by movements of lithospheric plates gradually transported the building blocks of the “mountain
jigsaw-puzzle" over the geological history and incorporated them into the current natural structure of the Tatras (Nemcok et al., 1993, 1994).
Architecture and artworks created in different periods differ in their style and, similarly, the individual geological periods left their own imprint
upon the Tatras. Using various scientific methods geologists try to decipher and understand the complex geological history that created the
natural beauty of the Tatras. One such approach is documenting and unveiling pieces of evidence of geological processes through drawings
and photographs of geological objects. Geophotography primarily motivated by scientific intention often overlaps with documentary or even
artistic view. Panorama of the southern slopes of the Tatras. Photo: Jdn Madaras.



Z hlbin Zeme (krystalické jadro Tatier)

Krystalické jadro (krystalinikum) Tatier tvori pestra Skala v hibke utuhnutych a premenenych hornin. Ich chemické a mineralne zlozenie,
vzajomneé usporiadanie mineralov v horninach, teda ich petrologicky charakter, umoznuje poodhalit prostredie a procesy, ktoré v dlhodobe;
geologickej historii prispeli k ich sucasnej podobe. Jeho zlozita vnutorna stavba je vysledkom dlhodobého vyvoja premeny hornin a ich
deformécii, ktoré sa odohravali vacsinou vo velkej hibke pred viac ako 300 miliénmi rokov pocas paleozoika (prvohér). Najvyznamnejsie
geologické procesy v krystaliniku Tatier boli teda sucastou variskeho horotvorného cyklu, ktory bol ukonceny koncom mladsieho paleozoika
(vrchného karbénu a permu), kedy doslo k spojeniu vaésiny kontinentalnych ¢asti navzajom sa pohybujicich litosférickych dosiek do
superkontinentu Pangea.

Krystalické jadro Tatier tvori podklad, na ktorom sa usadzovali druhohorné, vacsinou morské usadeniny. Vdaka dlhotrvajucim
tektonickym procesom boli prekryté celymi horninovymi komplexmi usadenymi vo vzdialenych ¢astiach davnych mori presunutymi vo
forme prikrovov (krizhansky, chocsky prikrov). Tatry tvoria zlomami ohrani¢enu a tektonicky (v obdobi mladych tretohér) relativne vysoko
vyzdvihnutu kryhu (Krélikova et al., 2014), obklopent suvrstviami usadenin paleogénneho (starotretohorného) veku, ktoré tvoria sedimentarnu

vypln podtatranskych kotlin a podhorskych brazd. )
Vysokym teplom a tlakom premenena hornina — migmatit. Ziarska dolina. Foto: Jan Madaras.

From the depths of the Earth (crystalline core of the Tatras)

The crystalline core (crystalline basement) of the Tatras is composed of a diverse spectrum of magmatic and metamorphic rocks.
Their chemical and mineral composition, the mutual arrangement of minerals in rocks, thus their petrological character allows revealing
the environment and long-lasting geological processes that have contributed to their current form. Its complicated internal structure is the
result of a long-term formation, alteration, and deformation of rocks, which took place largely at a great depth more than 300 million years
ago, during the Paleozoic era. The most important geological processes in the crystalline basement of the Tatras were part of the Variscan
orogeny, which terminated at the end of the late Paleozoic (Late Carboniferous and Permian), when majority of the continental parts of
lithospheric plates were joined to form of the Pangea supercontinent.

The Tatra crystalline rocks form the base on which the Mesozoic, mostly marine sediments deposited. Due to long-lasting tectonic
processes, they were covered by rock complexes originated in distant parts of the prehistoric seas that moved here in the form of tectonic
nappes (Krizna nappe, Choc¢ nappe). The Tatras, bounded by faults, formed a relatively high tectonically elevated block (Kralikova et al., 2014),
during the Neogene (Late Tertiary), surrounded by Paleogene (Early Tertiary) sequences filling the surrounding basins and depressions.

Migmatite — rock originated in both high-temperature and high-pressure metamorphism. Ziarska dolina Valley. Photo: Jan Madaras.




1. Geoldgovia pri odbere vzoriek zo steny Gerlachovského stitu. / Geologists taking samples from the wall of the Gerlach peak. Foto / Photo:
Jan Madaras.

2. Zula (granit) - vyvreta hornina stara 350 miliénov rokov. / Granite — an igneous rock 350 million years old. Foto / Photo: Peter Reichwalder.
3. Mikrofotografia Zuly (sluda, kremen, Zivec) z vrcholu Gerlachu (modré zrno je Siroké 1 mm). / Microphoto of granite (mica, quartz, feldspar)
from Gerlach peak (blue grain is T mm wide). Foto / Photo: Milan Sykora.
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1. Povrch granitového masivu zbriseného a ohladeného ladovcom
pocas Stvrtohor. / Surface of granite massif grinded and polished
during Quaternary by glacier. Pod Batizovskym plesom. / Under the
Batizovské pleso Tarn. Foto / Photo: Peter Reichwalder.

2. Zula - stavebny materidl hor aj architektov. / Granite - building
material of both mountains and architects. Tatranské Zruby. /
Tatranské Zruby Settlement. Foto / Photo: Peter Reichwalder.

3. Odhalena ladovcova moréna v objati korenov stromu. / Exposed
glacial moraine in a tree roots embrace. Tatranska Polianka. /
Tatranska Polianka Settlement. Foto / Photo: Peter Reichwalder.

From the depths of the Earth 10



1. Erlan - hornina dokazujuca premenu vapenca zulovou magmou. /
Erlan - a lime-silicate rock evidencing the conversion of limestone
by granite magma. Gerlachovsky stit. / Gerlach peak. Foto / Photo:
Jan Madaras.

2. Sedimentarna hornina (vapenec) z dna druhohorného mora. /
Sedimentary rock (limestone) from the bottom of Mesozoic
sea. Belianske Tatry. / Belianske Tatry Mts. Foto / Photo: Peter
Reichwalder.

3., Tektonické zrkadlo" pokryté epidotom a chloritom. / “Slickenside”
covered with epidote and chlorite. Velicka dolina. / Velicka dolina
Valley. Foto / Photo: Peter Reichwalder.
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Z hlbin Zeme

1. Vazeckd jaskyna - Carovna zahradka. Jaskyna s dlzkou 530
m je vytvorena v druhohornych vapencoch tektonickej jednotky
hronikum. Ma bohatu kvaplovu vyzdobu a pocetné nalezy kosti
jaskynnych medvedov. / Vazecka Cave - Miraculous Garden. This
530 m long cave is formed in the Mesozoic limestones of the
Hronicum tectonic unit. It is known by occurrence of rich dripstone
decoration and remarkable findings of cave bear bones. Foto /
Photo: Jan Madaras.

2. Kolko neobjavenych krasovych fenoménov skryva tatranské
podzemie? / How many undiscovered karst phenomena are hidden
in the Tatra underground? Strba. / Strba Village. Foto / Photo: Jan
Madaras.

From the depths of the Earth
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Foto na predchadzajucej strane / Previous page photo. Jedina spristupnena jaskyna Vysokych Tatier. / The only open cave in the High Tatras.

Belianska jaskyna. / Belianska jaskyna Cave. Foto / Photo: Pavel Stanik.
Stratigraficka tabulka a schéma vyvoja tatranského paleoprostredia. / Stratigraphic chart and scheme of development of the Tatras paleoevironment.
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Horotvorné procesy

Tatry, ako sucast Karpat, su malym ohnivkom v dlhej horskej retazi (Alpsko-himalajskeho horského pasma) rozprestierajlcej sa
v Eurdzii a zahfnajucej Alpy, Karpaty, Balkan, Kaukaz, Pamir, Tan-3an a Himaldje. ZloZity horsky obluk vznikal 200 miliénov rokov poc¢as
mezozoika (druhohor) a terciéru (tretohér) v priestore davneho oceanu Tethys. Litosférické dosky (africka, arabska, indickd) pévodného
juzného superkontinentu (Gondwana), pohanané mechanizmom platfiovej tektoniky, sa pohybovali k severu a postupne uzatvarali priestor
oceanu. Ich finalny naraz na juzny okraj eurazijského kontinentu viedol ku vzniku horského pasma — velmi zlozite] vrasovo-nasunove;j
(prikrovovej) stavby a k vyraznému zhrubnutiu zemskej kéry v tejto zéne. Tatry sa rozprestieraju v oblasti najvacsieho vyklenutia karpatského
obluka k severu, kde toto pohorie v désledku tektonickej pozicie a geologickej stavby dosahuje najvacsie nadmorskeé vysky, ¢im Vysokeé Tatry
ziskavaju najvyraznejsi vysokohorsky charakter zo vSetkych pohori Karpat.

Tatry zapocali svoj vyzdvih pred 10 milionmi rokov. Foto: Jan Madaras.

Orogenic processes

The Tatras, as a part of the Carpathians, create a small link in the long Alpine-Himalayan mountain chain, located in Eurasia, including
the Alps, Carpathians, Balkans, Caucasus, Pamir, Tian Shan, and the Himalayas. This complex mountain chain was formed over 200 million
years during the Mesozoic and Tertiary, born from the ancient Tethys Ocean realm. The lithospheric plates (African, Arabian, Indian) of the
southern Gondwana supercontinent, driven by the plate tectonics processes, moved northwards and gradually closed up the ocean. Their final
collision with the southern edge of Eurasia led to the formation of a mountain range — a very complex fold-and-thrust structure and created
significant thickening of the Earth's crust in this area. The Tatras are situated in the point of the northernmost salient of the Carpathian arch,
where this mountain range reaches the highest altitude due to its tectonic position and geological structure, which gives the High Tatras the
most outstanding alpine characteristics of all Carpathian mountains.

The Tatras began their uplift 10 million years ago. Photo: Jan Madaras.
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1.ZvrasnenaortorulavZapadnych Tatrach je starSia ako tatranska
zula. Ma vek okolo 500 milionov rokov. / Folded orthogneiss in the
Zapadné Tatry Mts. is older than the Tatra granite. It is about 500
million years old. Foto / Photo: Jan Madaras.

2. Tatranské $tity vyzdvihnuté nad Popradskd kotlinu pozd(z
podtatranského zlomu. / The Tatra peaks uplifted above the Poprad
Basin along the Sub-Tatra Fault. Foto / Photo: Jan Madaras.
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Horotvorné procesy

1. Visuté ladovcové udolia (trégy) nad Dolinou Zeleného plesa. /
Hanging glacial valleys (trougs) above the Dolina Zeleného plesa
Valley. Foto / Photo: Peter Reichwalder.

2. Tektonikou a ladovcom modelovany svah Mengusovskej doliny. /
The slope of Mengusovska dolina Valley modeled by tectonics and
glacier.

Foto / Photo: Peter Reichwalder.

3. Bridlicnatost hornin predisponuje gravitacné rozdvojovanie
hrebenov. / Foliation predisposes gravitational bifurcation of the
ridges. Rackovo sedlo v Zapadnych Tatrach. / Rackovo sedlo Saddle
in the Zapadné Tatry Mts. Foto / Photo: Radoslav Biskupic.

Orogenic processes

18



1. ,Tektonické zrkadlo" - trenim vyhladena zlomova plocha. /
“Slickenside" - fault surface smoothed by friction. Velicka dolina. /
Velicka dolina Valley. Foto / Photo: Peter Reichwalder.

2. BeSenovsky travertin vytvoreny vyverom mineralizovanej vody
pozd(z podtatranského zlomového systému. / BeSenova travertine
formed by the mineralized water seepage along the Tatra fault
system. Foto / Photo: Jan Madaras.

3. Pseudotachylit - sklo dokazujuce zemetrasenia v minulosti. /
Pseudotachylite - glass proving ancient earthquakes. Okolie
Batizovského plesa. / Batizovské pleso Tarn vicinity. Foto / Photo:
Peter Reichwalder.
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Horotvorné procesy

1. Morfoldgia ladovcového udolia tvaru ,U". / Moprhology of the
U-shaped glacial valley. Koncista, Batizovsky a Gerlachovsky stit. /
Koncista, Batizovsky Sit and Gerlachovsky stit peaks. Foto / Photo:
Peter Reichwalder.

2. Morfoldgia vapencovych Belianskych Tatier od Zdiaru pripomina
Severné vapencové Alpy v Rakusku a Nemecku. / Morphology of
the carbonate rocks of the Belianske Tatry Mts. from Zdiar village
remind the Northern Calcareous Alps (Nordliche Kalkalpen) in

Austria and Germany. Foto / Photo: Jan Madaras.

Orogenic processes



Stvrtohory — obdobie velkych zmien

Obdobie stvrtohér zabera v geologickej historii len nepatrny casovy usek, no napriek tomu sa velmi vyrazne podpisalo na sucasne]
geologickej a najma geomorfologickej podobe Tatier. Zatial ¢o pred Stvrtohornym obdobim sa postupne formovala a niekolkokrat prestavovala
ich hruba stavba, za dneSnu majestatnost a prekrasne vysokohorské scenérie vdacia Tatry predovsetkym procesom spojenym s ¢innostou
ladovcov pocas Stvrtohor. Tektonické procesy pohanané energiou zo zemského vnutra neustale dvihali vrcholy Tatier do ¢oraz vacsich
vySok uz pocas tretohér. Sucasne prebiehajice exogénne geologické procesy (ladovcova, vodna a veterna erdzia) sa ako dlato rezbara
zaryvali stale hibsie do tela horského masivu a vytvarali na iom prekrasne skulptury neopakovatelnych geomorfologickych tvarov. Ulomkovy
material, ktory vznikal pri tomto modelovani, gravitacna sila za pomoci ladu a vody rozmiestnovala v podobe kamennych sutin, riecnych
vejarov, ladovcovych morén ¢i kamennych mori, na svahoch a na dne vysokohorskych dolin. Prebytocny material bol vynasany v podobe
terminalnych (koncovych) morén a ladovcovo-rie¢nych sedimentov daleko do predpolia Tatier. Okolo vznikajlcej kvartérnej stavby Tatier sa
vytvarala pdsobiva terénna Uprava s prekrasnou vegetacnou pokryvkou, prispésobenou zloZeniu geologického (pddneho) substratu.

V Tatrach sa nachadza takmer 150 plies. Nizné Wahlenbergovo pleso. Foto: Peter Reichwalder.

Quaternary — a period of immense changes
The Quaternary period occupies only a tiny interval in geological history; nevertheless, it has strongly imprinted the current geological
and geomorphological appearance of the Tatras. Whereas their base structure was gradually formed before the Quaternary and rebuilt
several times, the beautiful sceneries that we see in today's Tatra are owed to the process associated with the activity of the Quaternary
glaciers. Tectonic processes driven by energy from the Earth's interior constantly uplifted the Tatra's peaks already during the Tertiary.
Simultaneously, the ongoing exogenous geological processes (glacial, water, and wind erosion), acted as a carver's chisel, and cut deeper
into the body of the mountain massif, creating beautiful sculptures of exclusive geomorphological shapes on the Tatras. Gravitational force,
in cooperation with ice and water, distributed the fragmentary material created by this erosion all over the slopes and mountain valleys in the
form of stone debris, river fans, glacial moraine, and stone seas. Excess material in the form of terminal moraines and glacio-fluvial sediments
were carried away into the Tatra foreland. These processes created very impressive landscape surrounding the emerging Quaternary Tatras
formation, which was also adorned by beautiful vegetation cover of plant communities that had adapted to the composition of the geological
(soil) substrate.
Over the 150 tarns are situated in the Tatras. Nizné Wahlebergovo pleso Tarn. Photo: Peter Reichwalder.
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1. Zosuv z roku 1813, kedy prietrz mracien odhalila usadeniny z
ladovych dob. / Alandslide of 1813 caused by a cloudburst revealed
deposits of ice age. Tatranska Polianka - ZIta stena. / Tatranska
Polianka - Yellow Wall. Foto / Photo: Peter Reichwalder.

2. Skalna sut nesena

adovcom sa nazyva moréna. / Debris carried
by the glacier is called moraine. Strbské Pleso. / Strbské Pleso Tarn.
Foto / Photo: Peter Reichwalder.

3. Kamenné more - nahromadenie balvanov bez vegetacie. /
A blockfield - an accumulation of boulders without vegetation.
Furkotska dolina. / Furkotska dolina Valley. Foto / Photo: Peter
Reichwalder.

1. Nunatak Hruba veza, ktory z oboch stran obklopoval ladovec. / Hruba
vezanunatak was surrounded the glacier on both sides. Bielovodska
dolina. / Bielovodska dolina Valley. Foto / Photo: Radoslav Biskupic.
2. Hociladovce zmizli pred necelymi 10 000 rokmi, typicky tvarované
udolia ostali. / Although the glaciers disappeared circa 10,000 years
ago, typically shaped valleys remained. Smutna dolina v Zapadnych
Tatrach. / Smutna dolina Valley in the Zapadné Tatry Mts. Foto /
Photo: Jan Madaras.

23 Stvrtohory - obdobie velkych zmien
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1. Terénne stupne vytvorené ustupujucim ladovcom. / Valley steps
formed by receding glacier. Vodopad Skok v Mlynickej doline. / Skok
waterfall in Mlynicka dolina Valley. Foto / Photo: Peter Reichwalder.
2. Osypovy kuzel v tvare presypacich hodin dokumentuje neustale
zvetravanie hoér. / Constant weathering of the mountains is
documented by the debris cone in hourglass shape. Hreben Bast. /
Hreben Bast Ridge. Foto / Photo: Radoslav Biskupic.
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Idealizovany blokovy diagram horského ladovca. / Idealized block-diagram of the mountain glacier.

1) U-shaped valley (glacial);, 2) V-shaped valley (fluvial); 3) glacial stream; 4) terminal moraine; 5) ablation area; 6) terminus; 7) medial
moraine; 8) moraine; 9) serac; 10) lateral moraine; 11) older lateral moraine; 12) crevasses; 13) aréte; 14) equilibrium line; 15) slope debris;
16) cirque glacier; 17) ice mélangé; 18) ice cap, 19) nunatak; 20) snow accumulation field; 21) glacial horns.
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Stopy zivota
Neoddelitelnou suc¢astou geologickej stavby Tatier si mezozoické (druhohorné) horniny usadené na starSom krystalickom podklade a
tiez sedimenty prinesené tektonickymi silami pocas alpinskeho horotvorného procesu zo vzdialenejsich juznejSich Casti oceanu Tethys. Tieto
sedimenty maju zachované pévodné zlozenie, sedimentarne textury a ¢asto v nich nachadzame aj skameneliny. Skameneliny a Struktury
usadenin umoZznuju podrobne a presne rekonstruovat geologickud histériu, podmienky v ktorom doslo k ich vzniku (prostredie kontinentalne,
lagunové, plytkomorské, ¢i hlbokomorské) a prostrednictvom zachovanych skamenelin urcit geologicky (stratigraficky) vek hornin. Vzacne
stopy dinosaurov, ktoré boli najdené v Tatrach nam takto pomohli urcit nielen vek hornin, ale aj prostredie v akom Zili (Michalik et al., 1976;
NiedZwiedzki, 2011). Mezozoické sedimenty su v dneSnej geomorfoldgii Tatier rozsirené predovsetkym na ich severnych svahoch (Belianske
Tatry, Cervené vrchy), ¢o je vysledkom mladého, asymetrického vyzdvihu Tatier pozd(Z sustavy zlomov na ich juznom okraji. Vyzdvihnuty
horsky masiv Tatier je obklopeny usadeninami tretohorného mora (pieskovce a bridlice), ktoré tvoria vypln podtatranskych kotlin. Obnazené
druhohorné masivy podliehaju neustalemu zvetravaniu. Hlavne vdaka ¢innosti vody prenikajucej do vnutra masivu po puklinach a zlomoch
vznikaju jaskyne, v ktorych sa nachadzaju fosilne zvysky po ich docasnych, alebo trvalych obyvateloch.
Skamenené zuby morskej ryby Sargodon tomicus staré 200 miliénov rokov. Kardolina v Belianskych Tatrach. Foto: Jozef Michalik.

Traces of life

Mesozoic rocks deposited over the older crystalline basement, as well as sediments carried here by tectonic forces from distant
southern parts of the Tethys Ocean during the Alpine orogenic phase, represent an inherent part of the geological structure of the Tatra
Mountains. These sediments have retained their original composition and sedimentary textures, and they often can contain fossils. These
fossils and sedimentary structures allow us to accurately reconstruct the geological history, the environment in which they originated
(continent, lagoon, shallow sea, deep sea) in detail, and to determine the stratigraphic age of the rocks based on the preserved fossils. Rare
dinosaur footprints found in the Tatras helped us to determine both the age of the rocks and the environment in which they lived. (Michalik
et al., 1976; NiedZzwiedzki, 2011).In today's Tatra geomorphology, the Mesozoic sediments are located especially on their northern slopes
(Belianske Tatry Mts., Cervené vrchy hills). This is the result of the young asymmetrical uplift along the fault system on their southern margin.
The uplifted massif of the Tatras is surrounded by sediments of the Tertiary sea (sandstones and mudstones), which fill the sub-Tatra basins.
The exposed Mesozoic rock complexes are subject to continuous weathering. Caves, in which fossil remains are found, are formed mainly
due to the activity of water entering the massif through fissures and faults.

The fossilized teeth of the marine fish Sargodon tomicus, 200 million years old. Kardolina in the Belianske Tatry Mts. Photo: Jozef Michalik.
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1. Paleontologické vykopavky na znamej druhohornej lokalite
Kardolina. / Excavations at the Kardolina - well-known Mesozoic
paleontological site. Belianske Tatry. / The Belianske Tatry Mts.
Foto / Photo: Jozef Michalik.

2. Pieskovce a ilovce - dokaz pritomnosti mora v oblasti Tatier. /
Sandstones and mudstones - evidence of the prehistoric sea in the
Tatras. Zdiar. / Zdiar Village. Foto / Photo: Radoslav Biskupic.

3. Tropicky koralovy rif z druhohér stary 200 milionov rokov. /
Mesozoic tropical coral reef, 200 million years old. Juranova dolina. /
Juranova dolina Valley. Foto / Photo: Jozef Michalik.
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1. Lasturnik Conchodon infraliassicus Schafhautl 1863. / The
bivalve Conchodon infraliassicus Schafhautl 1863. Velka Furkaska,
Zapadné Tatry / Velka Furkaska, Zapadné Tatry Mts. Foto / Photo:
Katarina Kremnicka.

2. Amonit Douvilleioceras cf. mammillatus (Schlotheim, 1813). /
The ammonite Douvilleioceras cf. mammillatus (Schlotheim, 1813).
Javorova dolina. / Javorova dolina Valley. Foto / Photo: Katarina
Kremnicka.

3. Lasturniky Gervillaria inflata (Schafhautl, 1851). /The bivalves
Gervillaria inflata (Schafhautl, 1851). Kardolina, Belianske Tatry. /
Kardolina, Belianske Tatry Mts. Foto / Photo: Katarina Kremnicka.
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1. Starotretohorné pieskovce tatranského podhoria tvoria
az 1 km hruby subor hornin. / In the Tatras foothills, the
Paleogene sandstones form up to 1 km thick set of rocks.
Foto / Photo: Peter Reichwalder.

2. Riecka Javorinka odhalila mohutny set starotretohornych
morskych usadenin. / Epic set of Paleogene marin deposits revealed
by the Javorinka Stream. Podspady / Podspady Settlement. Foto /
Photo: Lubomir Sliva.

biostroma
(teleso zo zvyskoy,
prisadnutych
organizmov)
biostrome bar

Blokovy diagram zobrazujuci Gast Uzemia dnesnych Tatier pocas druhohér (triasu). Ciernymi bodmi st vyznacené paleontologické lokality.
Upravené podla Michalik et al. (2007)./ Block-diagram depicting part of today’s Tatras during the Mesozoic era (Triassic period). Black dots
show paleontological sites. Modified from Michalik et al. (2007).

Traces of life 32



1. Ichnofosilie - zaznam zivotnej aktivity organizmov obyvajucich
morské dno. / Ichnofossils - a fossil record of life activity of marine
benthic organisms. Bialka / Bialka river. Foto / Photo: Lubomir Sliva.
2. Skameneny list v pieskovci, stary 40 miliénov rokov. / 40 million
years old fossilized leaf in sandstone. Paleogén Hornadskej kotliny,
Spisské Tomasovce. / Paleogene Hornadska kotlina Basin, Spisské
Tomasovce Settlement. Foto / Photo: Jan Madaras.

1. Vybrus zuba medveda jaskynného (Ursus ex gr. spelaeus
Rosenmiiller,1794) - svedka doby ladovej (Gierna mierka predstavuje
0.5 mm). / Thin-section of the cave bear tooth - witness to the Ice
Age (black bar represents 0.5 mm). 25 000 rokov pred Kristom /
25,000 years BC. Foto / Photo: Martina Moravcova.

2. Nélez leva jaskynného (Panthera spelaea (Goldfuss, 1810)) v
MedvedejjaskynivZapadnych Tatrach./ Cavelionremainsin Medvedia
jaskyna Cave in the Zapadné Tatry Mts. Foto / Photo: Martin Sabol.

3. Lebka mladého samca leva jaskynného z Medvedej jaskyne v
of prime adult male of cave lion from Medvedia jaskyna Cave in
the Zapadné Tatry Mts., one of the largest representatives of the
species. Foto / Photo: Katarina Kremnicka.
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Tatransky dinosaurus

VSetko sa meni. Priroda podlieha neustalym zmenam. A to, na ¢o sa dnes pozerame nebolo vzdy tym ¢im je dnes a nebolo vzdy tam,
kde prave je.

Ako mozeme spatne vysledovat pribehy hornin a fosilii v nich ukrytych, ktoré prekonali priepasti ¢asu, kym sa pred nami ukazali vo
svojej dnesnej podobe? Pomocou réznych vedeckych metod, ktoré nam umoznuju zistit relativny, alebo aj absolutny vek horniny.

Pomocou fyzikalnych a geochemickych metdd zalozenych na skimani chemického zlozenia horniny, ktoré méze odhalit velmi presnu
informaciu o hibke, teplote a tlaku, pri ktorych vznikali hibinné horniny v zemskej kére, alebo o chemickom zlozeni atmosféry a hydrosféry,
ktora panovala na Zemi poc¢as usadzania tychto hornin (Huraj, 2016). TieZ pomocou skiimania skamenych zvyskov organizmov alebo stép
po ich zivote a porovnavanim fosilnych spolocenstiev s tymi dneSnymi mézeme identifikovat rézne ekosystémy, ktoré sa na celej Zemi a teda
aj na tom kusku, kde teraz zijeme my Slovaci, vystriedali od vzniku prvych jednobunkovych organizmov az po sucasnost (Zrzavy et al., 2004;
Konhauser, 2007; Duridova et al. in Broska ed., 2015).

Na dnesny raz tatranskej oblasti ma velky vplyv udalost spred 300 milionov rokov, z obdobia vrchného permu. Pomala zrazka
dvoch skupin blokov zemskej kéry (Pangea a kontinenty leZiace v tej dobe okolo rovnika) spdsobila vytvorenie obrovského pohoria, ktoré
je doposial viditelné na celom svete ako Ural, ¢i Apalace. V Tatrach je jeho pozostatkom zulovy masiv, ktory doposial vonkajsie sily nasej
planéty nestacili zahladit, hoci rychlost rozruSovania a znosu je obrovska. V geologicke] minulosti dokonca velhory nemali "odnosovu brzdu”
v podobe dnesnej travy. Trava sa na nasej planéte objavila az pred nedavnom, na konci obdobia kriedy (okolo 70 mil. rokov; Haston et al.,
2009). Pred 260 milionmi rokov, v obdobi mladsieho permu aj nasim dzemim pretekali obcéasné rieky teculce z pahorkatin a v panvach sa
hromadili hrubé zvetraliny. Z nich sa vSak v Tatrach zachovalo len malo; prakticky len cervené kopersadské zlepence, zname z Jahnacieho
Hrbu nad Zadnymi Medodolmi (Michalik, 2017). Zhoda réznych okolnosti, ku ktorym prispela masivna vulkanicka ¢innost, zrézka kontinentov
a nasledné vytvorenie retaze pohori spésobujice zmenu prudenia vzdusnych a oceanskych mas, vyhubila na konci obdobia permu pocas
jedného z "Velke) patky" masovych vymierani viac ako 90% zivych organizmov na Zemi. Trvalo miliony rokov pokym sa ekosystémy Zeme
s ich druhovou rozmanitostou dostali do porovnatelnej bohatosti spred katastrofy. Na zaciatku druhohér, pocas triasu (pred 250 miliénmi
rokov) more Tethys postupne zalialo pribrezné plosiny, ¢o doklada aj vzacny nélez ¢asti kostry drobného morského plaza Pachypleurosaurus
(Cernansky et al., 2019) v strednotriasovych vapencoch Demanovskej doliny. Tento nélez predstavuje najstarSieho znameho stavovca z
oblasti Slovenska. Ob¢asné riec¢ne privaly znasali do mora masy zvetralin (lUznanské suvrstvie), ktoré Sirokymi suchymi dolinami postupovali
az na morsky Self. V tomto obdobi sa , Tatransky kusok sveta" nachadzal ovela juznejSie a horniny, ktoré dnes vidime ako dolomity vznikali
na velkej ploche velmi plytkého mora. Zaciatkom vrchného triasu, pred 228 milionmi rokov, sa v horninach zaznamenalo striedanie vlhkejsich
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a horucich pustnych obdobi. Dnes tieto horniny najdeme v Cervenej skalke v Belianskych Tatrach, alebo v hornej asti Juranovej doliny v
Zapadnych Tatrach (Michalik, 2017). Koncom triasu sa nase Uzemie opat postupne dostavalo pod nadvliadu mora. Vyskum fosilnej rybe;
fauny z vrchnotriasovych ulozenin na lokalite Kardolina v Belianskych Tatrach obsahuje zaznam o kolonizacii morskej fauny tvorenej zralokmi
a rybami (Chalupova, 2009), u nas zastupenymi napriklad druhmi Lissodus minimus Agassiz a Sargodon tomicus Plieninger. Najdené druhy
zralokov a jednoduchych [ucoplutvych ryb boli morskymi predatormi pribreznych oblasti. Podla tvaru zubov sa Zivili hlavne makkysmi, alebo
mensimirybamia dorastali az do metrovej dizky. V kotlinach na severe vznikali jazera, Zasom meniace sa na mociare s porastami stromovitych
prasliciek a papradi, zriedkavejsie s nahosemennymi stromami. Toto boli najstarsie ,tatranske lesy”. Dnes ich zvySky nachadzame napriklad
v Cervenych vrchoch, kde sa spolu s nimi v tomanovskom suvrstvi nasli stopy dvojnohych dravych dinosaurov Eubrontes tatricus (Michalik
and Sykora) pévodne zaradenych do rodu Coelurosaurichnus (Michalik et al., 1976; Michalik a Kundrat, 1998). Paleontologicky prieskum za
posledné dve desatrocia odhalil mnohé dalSie objavy. Subor zvysSkov a stop stredoeurdpskych dinosaurov naznacuje pritomnost velkych
teropddnych dinosaurov uz v neskorom obdobi triasu a vyskyt obrovskych teropddov (Udajne najstarsich allosaurov) v najstarsich jurskych
horninach, spolu s pomerne pokrocilymi sauropodnymi dinosaurami. Zo slovenskej i polskej strany Tatier boli najdené stopy dinosaurov rodov
Eubrontes, Tetrasauropus a Pseudotetrasauropus. Na rozdiel od tradi¢nej stratigrafickej interpretacie, stopy naznacuju jursky vek suvrstvia
(NiedZwiedzky, 2011). Tento chodnik dinosaurov pokracoval z polskej na slovensku stranu Tatier a teda pravdepodobne reprezentuje jednu z
velkych trati putujucich dinosaurov rodu Eubrontes, predtym uvadzanych ako ,Coelurosaurichnus tatricus" (Gierlinski a Sabath, 2005).

JuZnejsie Gasti dnesnej oblasti Tatier boli zaliate morom (fatranské suvrstvie), v ktorom sa darilo pestrému spolo¢enstvu organizmov:
riasam, dierkavcom, hubkam, koralom, ramenonozcom, makkysom, ostnatokozcom a rybam, ale aj morskym plazom. Velké lasturniky —
megalodonty Zili zaborené v bahne dna zarifovej zény. Lokality skamenelin z rétu (posledného obdobia triasu pred 203 az 199 miliénmi
rokov), st zname z oblasti Hyb, Suchej (Trnoveckej) doliny, Jurédnovej doliny, Lejowej, Koscieliskej doliny, Wielkiego Kopienca a Tatranskej
Kotliny (Michalik, 2017).

Na konci jury (pred 160—145 milionmi rokov) bolo more pokryvajlce tatransku oblast pIné planktonickych mikroorganizmov. Boli to
najma spory rias — globochéty, larvy makkysov, planktonické laliovky (sakokomy), kadosiny, stomiosféry, kalpionely a drobnuc¢ké planktonické
riasy - nanokony. Na plyt¢inach zili dierkavce, machovky, laliovky a zvlastne makkyse - rudisty. Ich zvysky sa zachovali v stenach Giewontu
nad Zakopanym, v stenach Murana alebo na Zdiarskej vidle v Belianskych Tatrach (Michalik, 2017).

Pocas strednej kriedy (zhruba pred 100 milionmi rokov) sa podnebie mimoriadne oteplilo. Zaroven hladina svetovych mori postupne
stupala na najvyssie hodnoty zaznamenané za poslednu pol miliardu rokov. Zo sopecnych kraterov sa do atmosféry dostavalo mnozstvo
sklenikovych plynov. Z tohto obdobia sa zachovali horniny tvorené mikroskopickymi schrankami nalevnikov a dierkavcov (Bezék ed., 2011).
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Oblast dnesnych Tatier postupne viac a viac postihovalo alpinske vrasnenie.

V starsich tretohorach, v paleogéne, bola tatranska oblast zaliata morom (priblizne pred 40 milionmi rokov). Sedimenty borovského
suvrstvia, ktoré mézeme vidiet v okoli Zuberca, alebo Zdiaru vznikali v plytkej, pribreznej oblasti, kde sa na starsie zlepence usadzovali vapence
tvorené hlavne zo schranok jednobunkovych organizmov - dierkavcov ¢elade Nummulitidae, ktoré dali vdpencom aj meno (numulitové
vapence). V tychto sedimentoch najdeme aj zvysky flory vo forme listov a inych zvyskov rastlin. Starotretohorné more sa pomaly zaplhalo
sedimentami a koncom paleogénu bol prinos piescitych sedimentov (bielopotocké suvrstvie) natolko velky, Ze sa nimi panva zaplnila. V
priebehu oligocénu bola panva rozdrobena vyzdvihom jadrovych pohori, hlavne Tatier, ktoré vystupili prakticky v jej strede. Prevazne
dochadzalo k zlomovej tektonike, takZe na vacsine Uzemia su horniny uloZené stale v pévodnej pozicii (Hok et al., 2019).

Najmladsimi usadeninami v Tatrach su Stvrtohorné ulomkovité sedimenty ulozené v suchozemskych podmienkach. Uchovanie fosilii
v takychto horninach je prakticky nemozné, avsak v jaskynnych systémoch, kde bola vhodna klima na ich zachovanie sa nachadzaju kostrové
zvySky mnohych velkych stavovcov doby ladovej. Medvedia jaskyna v Zapadnych Tatrach je sucastou jaskynného systému Suchy potok v
ktorej sa nasli zvysky styroch kostier jaskynného leva (najkompletnejsie zo slovenskej ¢asti Zapadnych Karpat), zvysky jaskynnych medvedov
z tejto jaskyne potvrdzuju rozdiel v stavbe tela samice a samca (Sabol et al., 2018). Vacsina fosilnych pozostatkov jaskynného leva Panthera
spelaea (Goldfuss), ktoré sa nachadzaju v celej Eurdpe je datovana do obdobia poslednej doby ladovej (v ¢asovom rozpati 25—50 tisic rokov
p. n.l.). Datovanie vzorky jaskynného leva z Medvedej jaskyne pomocou uhlikovej metddy zodpoveda tomuto rozsahu a tiez suhlasi s vekom
kosti tu najdenych jaskynnych medvedov. TeplejSie podnebie pocas tejto medziladovej doby umoznilo prenikanie mackovitych Seliem do
vysSich horskych oblasti, pravdepodobne za koristou, ktorou mozno boli zimujuce jaskynné medvede (Sabol et al.,, 2018; Sabol a Doppes,
2019). Aj ked sa vSeobecne sudi, Ze model spravania jaskynnych levov bol podobny ako u dnesnych levov, predpokladame, Ze v horskych
prostrediach zili tieto velké vyhynuté mackovité Selmy osamelo, pripadne v paroch.

Najmladsim, holocénnym, typom usadenin vzniknutych z organickych zvyskoy, ktoré mézeme v Tatrach najst su humolity — raseliny,
ktoré sa nachadzaju v priipatnom pasme na lokalitdch Strbské pleso, Stara Lesnd, Kezmarské Zlaby a na JV od Tatranskej Kotliny (Bezak
ed., 2017).
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1. Stopa dravého dinosaura. / Footprint of the carnivore dinosaur.
Ticha dolina. / Ticha dolina Valley. Foto / Photo: Milan Sykora.

2. Pieskovcové vrstvy plné sideritovych nodul Tomanovskych
vrstiev z lokality nalezu tatranskych dinosaurov. Ticha dolina. /
Sandstone layers filled by siderite nodules of Tomanova beds from
the locality of the Tatra dinosaurs. Ticha dolina Valley. Foto / Photo:
Milan Sykora.

3. Unikatny nalez troch stop dinosaurov z roku 1976 v Tichej doline.
/ Unique finding of tree dinosaur footprints from 1976 from Ticha
dolina Valley. Foto / Photo: Jozef Michalik.
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The Tatra dinosaur

Everything changes. Nature is a subject to constant change. What we look at today has not always been what it is today and has not
always been where it is.

How can we trace back the stories of the rocks and fossils hidden in them that have crossed the gaps of time, until they appear before
us in their present form? By using various scientific methods that allow us to determine the relative or even absolute age of the rocks.

Using physical and geochemical methods based on the study of the chemical composition of the rock, which can reveal very accurate
information about the depth, temperature and pressure at which deep rocks formed in the Earth's crust, or the chemical composition of the
atmosphere and hydrosphere as they were on Earth during its sedimentation (Huraj, 2016). By examining the fossilized remains of organisms
or their traces and comparing fossil communities with recent ones, we can identify various ecosystems that have alternated throughout the
entire Earth and thus on the piece of land where we Slovaks now live, from the origin of the first unicellular organisms to the present (Zrzavy
et al,, 2004; Konhauser, 2007; Duridova et al., 2015 in Broska ed., 2015).

Today's appearance of the Tatra region is greatly influenced by an event that happened 300 million years ago, in the Upper Permian
epoch. The slow collision of two groups of Earth's crust blocks (Pangea and the continents lying around the equator at the time) caused the
creation of a huge mountain range, which is still visible around the world (Ural, or the Appalachians). In the Tatras, its remnant is a granite
massif, which so far have not been erased by the external forces of our planet, although the speed of erosion and sediment transport is
enormous. In the geological past, the mountains did not even have a "erosional brake" in the form of today's grasses. Grass appeared on
our planet relatively recently, at the end of the Cretaceous period (about 70 million years; Haston et al., 2009). During the Upper Permian, 260
million years ago, even in our territory an occasional rivers flowing from the hills accumulated coarse material in the basins. Only a few of such
deposits have been preserved in the Tatras; only the red koperSadské zlepence conglomerates, known from the Jahnaci Hrb Hill above Zadné
Medodoly Valley (Michalik, 2017). Coincidentally, boosted by massive volcanic activity, continental collision, and the subsequent formation of
a mountain range, which changed the flow of air and ocean masses, more than 90% of living organisms on Earth died out at the end of the
Permian period during one of the “Big Five" mass extinctions. It took millions of years for ecosystems with their species diversity to reach pre-
extinction richness. At the beginning of the Mesozoic, during the Triassic period (250 million years ago), the Tethys Sea gradually flooded the
coastal plains, as evidenced by the rare find of the uncomplete skeleton of the small sea reptile Pachypleurosaurus (Cernansky et al., 2019) in
the Middle Triassic limestones. This find represents the oldest known vertebrate fossil from Slovakia. Occasional river floods carried masses
of weathered material through wide dry valleys to the sea (LUzZna Formation). During this period, this "Tatra piece of the world" was located
much further to the south and the rocks (dolomites) found here were formed on a vast area of a very shallow sea. From the beginning of the
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Upper Triassic period, 228 million years ago, an alternation of humid and hot desert climates is recorded in the sediments. Today, these rocks
can be found in the Cervena Skalka in the Belianske Tatry Mts., or in the upper part of the Jurdnova dolina Valley in the Zapadné Tatry Mts.
(Michalik, 2017). At the end of the Triassic period, our territory gradually came back under the domination of the sea. Research on fossil fish
fauna from Upper Triassic deposits in the Kardolina locality in the Belianske tatry Mts. contains a record of the colonization of marine fauna
formed by sharks and fish (Chalupova, 2009), represented in this area, e.g. by Lissodus minimus Agassiz and Sargodon tomicus Plieninger.
Found of sharks and simple ray-finned fish species represented marine predators of coastal areas. Based on the shape of their teeth, they
fed mainly on mollusks or smaller fish, and reached one meter in length. In the basins in the north, lakes were formed, and were eventually
changed into swamps with overgrown by arborescent horsetails and tree-ferns, less rarely with gymnosperm trees. These were the oldest
"Tatra forests”. Today, their remains can be found, for example, in the Tomanova Formation in the Cervené vrchy Mts., where footprints of
bipedal predatory dinosaurs Eubrontes tatricus (Michalik and Sykora) formerly ranked to the genus Coelurosaurichnus were also presented
(Michalik et al., 1976; Michalik and Kundrat, 1998). Paleontological research over the last two decades has revealed many other discoveries.
Remains and traces of Central European dinosaurs suggests the presence of large theropods in the late Triassic period and along with
relatively advanced sauropod dinosaurs the occurrence of big theropods (supposedly the oldest allosaurs) in the oldest Jurassic rocks.
Traces of dinosaurs of the genera Eubrontes, Tetrasauropus and Pseudotetrasauropus were also found on both Slovak and Polish side of
the Tatras. In contrast to the traditional stratigraphic interpretation, traces indicate the Jurassic age of the formation (Niedzwiedzky, 2011).
This trail of dinosaurs continued from the Polish to the Slovak side in the Tatras and thus probably represents one of the great tracks of the
wandering dinosaurs of the genus Eubrontes previously referred to as "Coelurosaurichnus tatricus” (Gierlinski and Sabath, 2005).

The southern parts of today's Tatras were flooded by the sea (Fatra Formation), in which a diverse community of organisms thrived:
algae, foraminifers, sponges, corals, brachiopods, mollusks, echinoderms and fish, as well as sea reptiles. Large bivalves - megalodonts
lived buried in the mud of the seafloor of the back-reef zone. The fossil localities of Rhetian stage (the last Triassic period lasted from 203 to
199 million years ago) are known from the area of Hybe Village, Sucha (Trnovecka) dolina Valley, Juranova dolina Valley, Lejowa, KosScieliska
dolina Valley, Wielki Kopienec and Tatranska Kotlina Settlement (Michalik, 2017).

At the end of the Jurassic period (160—145 million years ago), the planktic microorganisms flourished in the sea covering the Tatra
region. These were mainly spores of algae called globochaets, mollusk larvae, planktonic crinoids (Saccocoma), cadosins, stomiosphers,
calpionellids and tiny planktonic algae - coccolithophors. Shallow zones were inhabited by foraminifers, bryozoans, sea lilies and strange
mollusks - rudists. Their remains have been preserved in the Giewont walls above Zakopané town, in the Muran walls or on Zdiarska vidla
peak in the Belianske Tatry Mts. (Michalik, 2017).
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During the Middle Cretaceous epoch (about 100 million years ago), the climate became extremely warm. At the same time, the level of
the world ocean have gradually risen to its highest values of the last half a billion years. Greenhouse gases were released into the atmosphere
from volcanic craters. Rocks formed by microscopic ciliate shells and foraminifers have been preserved from this period (Bezak ed., 2011).
The area of today's Tatras was gradually more and more affected by Alpine orogeny.

In the Early Tertiary, the Paleogene, the Tatra region was flooded by the sea (about 40 million years ago). The sediments of the
Borové Formation, which can be seen in the vicinity of Zuberec or Zdiar villages, originated in a shallow coastal area where limestones
formed mainly by the shells of single-celled organisms - foraminifers of the family Nummulitidae, which gave the limestone their name
(nummulite limestones), deposited over the older conglomerate layers. In these sediments the remnants of flora in the form of leaves and
other plant remnants can be found. The Paleogene sea was slowly filling with sediments, and the contribution of sandy sediment (the
Biatystok Formation) at the end of this period was so great that the basin was filled up with it. During the Oligocene epoch, the basin was
fragmented by the uplift of the core mountains, especially the Tatras, which emerged practically in its middle. Fault tectonics predominated,
so the rocks are still deposited in their original position in most areas (Hok et al., 2019).

The youngest sediments in the Tatras are terrestrial Quaternary clastics. Preservation of fossils in such material is almost impossible.
Cave systems where the climate was suitable for the preservation of skeletal remains of many large vertebrate vertebrates are the exceptions.
In the Medvedia jaskyna Cave in the Zapadné Tatry Mts. (the part of the Suchy potok cave system) the remains of four skeletons of a cave
lion (the most complete from the Slovak part of the Western Carpathians), the remains of cave bears and wolves were found. The remnants
of an adult male lion, the largest specimen of what has been found so far, have been discovered in the “Levia sien" hall. Skeletal remains of
individuals from this cave confirm the difference in female and male body structure (Sabol et al., 2018). Most of the fossil remains of the cave
lionPanthera spelaea (Goldfuss), which are found throughout Europe, are dated to the last ice age (25-50 thousand years BP). The cave lion
sample from Medvedia jaskyna Cave datied by the radiocarbon method corresponds to this range and also agrees with the age of the bones
of the cave bears found here. The warmer climate during this interglacial period allowed felines to penetrate higher to the mountain areas,
probably due to the tracking prey that may have been wintering cave bears (Sabol et al., 2018; Sabol and D6ppes, 2019). Despite the general
believe that the behavior pattern of cave lions was similar to that of today's lions, we assume in mountain environments these large extinct
felines lived alone, or in pairs.

The youngest, Holocene, type of sediment formed from organic residues that can be found in the Tatras are humolites - peat, which
are located in the foot of the hills around the Strbské pleso Tarn, Staré Lesna Village, Kezmarské Zlaby Settlement and SE of Tatranska Kotlina
Settlement (Bezak ed., 2011).
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1. Druhohorné fosilie morskych hlavonozcov (amonitov) z jaskyne
Mokra diera. Javorova dolina. / Mesozoic fossils of sea cephalopods
(ammonits) fom the Mokra diera Cave. Javorova dolina Valley. Foto
/ Photo: Jan Madaras.

2. Rhaetavicula contorta (Portlock). Lasturnik obyvajuci pribrezné
oblasti a laguny v dobe, kedy Zem obyvali dinosaury. Lokalita
Kardolina. / Rhaetavicula contorta (Portlock). Bivalve inhabiting
nearshore and lagoonal zones of the seas when dinosaurs ruled
the World. Kardolina site. Foto / Photo: Jozef Michalik.
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Voda do dvoch mori
Uzemie Tatier je odvodiiované bystrinami do dvoch mori — Cierneho (povodie Vahu) a Baltského (povodie Popradu). Zaujimavym
geologicko-geomorfologickym fenoménom Tatier je charakter a priebeh eurdpskeho rozvodia medzi tymito moriami. Vacsina ludi by
ocakavala, Ze bude prebiehat hlavnym hrebefiom Tatier. Tomu je tak len v najzapadnejSej asti (medzi Svinicou a Cubrinou). Odtial sa staca
smerom na juh cez Soliskovy hreberi k Strbskému plesu. Je to jediné tatranské pleso, ktoré sa nachadza bezprostredne na rozvodi. S takouto
polohou velmi pravdepodobne suvisi to, ze Strbské pleso nema Ziadny povrchovy pritok ani odtok, o asi prispelo k jeho zachovaniu v dobe,
ked vacsina plies v podobnych geologickych podmienkach (na morénovych uloZeninach) uz zanikla (zanesenie sedimentmi, zarastenie
raSelinou, odvodnenie prietocnymi povrchovymi potokmi alebo vzajomnou kombinaciou tychto pric¢in). Odtial rozvodie prebieha svahom
sledujuc priblizne trasu ozubnicovej zeleznice na Siroky a relativne mierne Clenity strbsky prah oddelujuci Liptovsku kotlinu od Popradske;
kotliny.
Tu lezi rozvodie - 96% zrazok Slovenska odteka do Cierneho mora a 4% do Baltického mora. Okolie Strby. Foto: Peter Reichwalder.

Water into two seas

The territory of the Tatras is drained by streams into two seas — the Black Sea (Vah river basin) and the Baltic Sea (Poprad river basin).
Characteristics and the course of the European watershed between these seas is an interesting geological-geomorphological phenomenon
of the Tatras. Most people would expect it to run via the main Tatras ridge. However, this only applies to the western part (between Svinica
and Cubrina). From there, it turns southwards through the Solisko ridge to the Strbské pleso (tarn) — the only Tatra tarn, which is located at the
watershed. Such position is most likely linked with the fact that Strbské pleso has no surface inflow or outflow, which probably contributed to
its persistence through time when most of the tarns in similar geological conditions (located on moraine deposits) have already disappeared
(filled by sediments, overgrown by peat, drained by streams, or a combination of these causes). From there, the watershed runs through
slopes roughly following the cog railway towards the wide and gently rugged Strba bar, separating the Liptov Basin from the Poprad Basin.

Here is a watershed - 96% of Slovakia's rainfall flows to the Black Sea and 4% to the Baltic Sea. Vicinity of Strba Village. Photo: Peter Reichwalder.
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1. Ladovcom vytvorenu priehlbinu (kar) dnes vyplha Spisské
pleso. / Nowadays Spisské pleso Tarn fills the depression formed
by the glacial (cirque). Mala Studena dolina. / Mala Studena dolina
Valley. Foto / Photo: Peter Reichwalder.

2. Ustupujuci ladovec zanechal mnozstvo jazier. / The retreating
glacier has left many lakes. Batizovska dolina. / Batizovska dolina
Valley. Foto / Photo: Peter Reichwalder.

3. Rozvodie dvoch mori - Baltu a Cierneho mora. / The watershed of
the two seas - the Baltic and the Black Sea. Stit Satan, Mengusovska
dolina. / Satan peak, Mengusovska dolina Valley. Foto / Photo: Peter
Reichwalder.
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1.V Tatrach sa ,vecny sneh" vyskytuje od vysky 2 300 m.n.m. / In
the Tatras, "permanent snow" occurs from altitude of 2,300 m a.s.|.
Foto / Photo: Jan Madaras.

2. Vietor, voda, mraz, foto Madaras / Wind, water and frost. Photo:
Jan Madaras.

Water into two seas
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1.V davnych dobach oznacovali ludia vSetky plesa nazvom "morské
oko". / In the past, people called all the tarns by name (literally)
“Sea Eye". Rakytovskeé plesa / Rakytovskeé plesa Tarns. Foto / Photo:
Peter Reichwalder.

2. Vdaka nizkemu obsahu zivin je voda plies kristalovo Cira. / Tarn
waters are crystal clear due to the low nutrient content. Foto / Photo:
Peter Reichwalder.

3. Srozlohou takmer 7 ha patri Popradské pleso k piatim najvacsim
plesam slovenskej Casti Vysokych Tatier. / With an area of 7 hectars
Popradské pleso Tarn belongs to five largest tarns in the Slovak part
of Vysoké Tatry Mts. Foto / Photo: Radoslav Biskupic.

Voda do dvoch mori

1. Korytom Belej preteka v zime minimum vody. / During the winter
a limited amount of water runs through the Bela river channel. Foto /
Photo: Jan Madaras.

2. Perina na hibernaciu. / Hibenation duvet. Foto / Photo: Peter
Reichwalder.

Water into two seas
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1. Voda v réznych podobach (kvapalina). / Various forms of water
(liquid water). Foto / Photo: Zora Abaffyova.

2. Voda v réznych podobach (para). / Various forms of water (water
vapor). Foto / Photo: Peter Reichwalder.

3. Voda v réznych podobach (lad). / Various forms of water (water
ice). Foto / Photo: Peter Reichwalder.
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Schéma priebehu hlavného eurépskeho rozvodia medzi Ciernym a Baltskym morom, ktoré prechddza aj cez Strbské pleso. Mapovy podklad:
Geodeticky a kartograficky ustav Bratislava, ZBGIS. / Scheme of the course of the main European watershed between the Black and Baltic
Seas, which also passes through Strbské pleso Tarn. Map base: Geodetic and Cartographic Institute Bratislava, ZBGIS.
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Clovek v Tatrach

Geologické procesy vytvarali v priebehu miliénov rokov zaklad toho, ¢o chodime do Tatier obdivovat dnes — ich carokrasne tvary. My
[udia pri vyuzivani krajiny vSak v prirode dokazeme mnohé veci nezvratne zmenit. Zmeny k lepSiemu su vsak mozné len vtedy, ked budeme
dokonale poznat vSetky zakonitosti vyvoja prirody (nielen) Tatier a tatranskej histérie. Historia Zial ukazuje, Ze ¢lovek uz mnohokrat dokéazal
ovela rychlejSie nicit vysledky prirodnej evollcie ako ich samotna priroda stihala vytvarat. Do Tatier kazdorocne prichadzaju rozni navstevnici
— zjari Skolaci na vyletoch, turisti a horolezci chodia do Tatier po cely rok. No Tatry lakaju aj masy ludi na kulturne ¢i Sportové podujatia. Vo
vysokohorskom prostredi Tatier sa v lete pocas slnecného dna pohybuje az 20 000 ludi, z toho napriklad na Popradskom plese 5 000 a pri
vystupe na Rysy stoja turisti dokonca v rade. Celkovo sa ubytuje v Tatrach vyse 500 000 turistov rocne.

Aj ta jedna patina Uzemia Vysokych Tatier na polskej strane stoji za to. Kozi wierch. / Foto: Radoslav Biskupic.

Man in the Tatras

Over the course of millions of years, geological processes have formed the essence of what we refer to and admire as the Tatras today
— their beautiful landscape. We, humankind, can irreversibly change many things in nature. However, changes for the better are only possible
when we fully recognize all development rules of the nature and the geological history of the Tatras. Unfortunately, history shows that man
has often been able to destroy the results of natural evolution much faster than nature itself has managed to create them. Different visitors
come to the Tatras every year — schoolchildren on trips in the spring, tourists and climbers, all visit the Tatras year round. However, the Tatras
also attract masses of people to cultural and sports events. In the high altitude of the Tatras, up to 20,000 people come to visit on a sunny
day during the summer, of which 5,000 at the Popradské pleso tarn and the tourists stand in the queue when climbing the Rysy Peak. In total,
more than 500,000 tourists a year are accommodated in the Tatras.

A fifth of the territory of the High Tatras located in the Poland is also worth to visit. Kozi wierch Peak. Photo: Radoslav Biskupic.
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1. Z Tatranskej Lomnice do Tatranskej Polianky sa po kolajniciach
jazdi od 16. decembra 1911. / Since 16 December 1911, the rails
run from Tatranska Lomnica to Tatranska Polianka. Tatranska
Polianka. / Tatranska Polianka Village. Foto / Photo: Peter
Reichwalder.

2. Narodna kulturna pamiatka z roku 1912 stale v prevadzke. /
National Cultural Monument from 1912 still in use. Foto / Photo:
Peter Reichwalder.

3. Aké bude pocasie? / What will the weather be? Podbanské. /
Podbanskeé Village. Foto / Photo: Peter Reichwalder.
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1. Oddych a spomienka. / Rest and reminiscence. Foto / Photo:

Peter Reichwalder.

2. "Domoradie" pod Tatrami ./ "Alley of houses" under the Tatras.
Mengusovce. /Mengusovce Village. Foto / Photo: Peter Reichwalder.

Man in the Tatras
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1. Komu Patria Tatry? / Who owns the Tatras? Hotel Patria v
Strbskom Plese. / Patria Hotel in the Strbské Pleso Village. Foto /
Photo: Peter Reichwalder.

2. Lyziarsky svah pod Soliskom lezi na hlavhom eurépskom rozvodi.
Voda zo snehu vlavo sa dostane do Furkotskej doliny, Bieleho Vahu,
Dunaja a Cierneho mora. Voda zo snehu vpravo stecie do Mlynickej
doliny, Popradu a Baltského mora. / The ski slope below the Solisko
lies on the main European watershed. Water from the snow to the
left runs to Furkotska dolina Valley, Biely Vah and Danube rivers, and
finally to the Black Sea. Water from the snow on the right flows into
the Mlynicka dolina Valley, Poprad River and the Baltic Sea.Foto /
Photo: Peter Reichwalder.
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1. Vyznamnejsie ¢lovekom spdsobené zmeny pévodnych lesnych
porastov zacali uz pred 3 000 rokmi. / Significant man-made
changes of the untouched forests began 3,000 years ago. Hola
uboc. / Hola uboc Hillside. Foto / Photo: Peter Reichwalder.

2. K vystavbe zjazdoviek niet ¢o dodat... / There is nothing more to
add to the ski slopes construction... Skalnaté pleso. / Skalnaté pleso
Tarn. Foto / Photo: Peter Reichwalder.

3. S dlzkou 5,5 km je najdlhsia zjazdovka v strednej Eurdpe v
Lomnickom sedle. / With a length of 5.5 km, the longest ski slope
in Central Europe is in Lomnické sedlo Saddle. Foto / Photo: Jan
Madaras.
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1. Tatry s ludskou tvarou. / The Tatras with a human face. Krivan /
Krivan Peak. Foto / Photo: Peter Reichwalder.

2. Detvianske krize od Jozefa Fekiac¢a-Sumného. / Carved wooden
"Detva crosses” by Jozef Fekiac-Sumny. Symbolicky cintorin pri
Popradskom plese. / Symbolic cemetery near Popradské pleso
Tarn. Foto / Photo: Jan Madaras.

Foto na nasledujucej strane / Next page photo. Ziarska dolina, svah
Baranca. BliZi sa letna burka od severu, od Hrubej kopy. / Ziarska
dolina Valley, Baranec slope. A summer storm is approaching from
the north, from Hruba kopa Hill. Foto / Photo: Jan Madaras.




Nestastie chodi po horach
Geologicku historiu Tatier z dnesného pohladu predstavuje stovky milionov rokov dlha retaz pretkana prirodnymi katastrofami, casto
obrovskych rozmerov, ktoré sa postupne podielali na sformovani tych Tatier, ktoré dnes chodia obdivovat tisicky navstevnikov. K prirodnym
katastrofam dochadzalo stéle, aj pred historickymi dobami odkedy Tatry osidlil lovek. Zmienky o prirodnych nestastiach ¢asto nachadzame
v archivnych zaznamoch. Ide vSak len zriedkavo o katastrofy vyvolané geologickymi silami (zemetrasenia, skalné zrutenia, zosuny). Ovela
Castejsie su tieto udalosti spdsobené klimatickymi a poveternostnymi anomaliami (polomy lesnych porastov, nic¢ivé vichrice). Avsak aj
napriek tomu, geologické poznatky moézu vyznamne pomoct v predvidani dopadov veternych smrsti na tatranskeé lesné porasty. Stupen ich
desStrukcie do znacnej miery zavisi od charakteru horninového podlozia a vysky hladiny podzemnej vody. Presvedcivo to ukazuju aj dopady
poslednych velkych veternych kalamit z 19. novembra 2004 a 15. maja 2014. Lesné porasty s plytko ulozenym korenovym systémom,
rastlce na substrate tvorenom zvetranymi piescitymi a Strkovitymi sedimentmi, boli pri tychto udalostiach na velkych plochach vyvratené
aJ s korenmi. Naproti tomu lesné porasty rastice na kamenitych svahovych sutinach alebo na nezvetranych ¢astiach najmladsich morén
boli ovela menej postihnuté a vichrica tu ¢asto ulamovala len vrcholce stromov. Premnozenie lykozruta — biologicka kalamita, nasledujuca
tu poveternostnu, zvycajne Uplne znici zvysky nezdolaného lesa. Priroda si vSak vybera aj svoju krutu dan v podobe vyhasnutych zivotov ludi
tuziacich po krase nasich hor. ) . . .
Popoludni 19. novembra 2004 sa Tatry zmenili na nepoznanie. Foto: Peter Reichwalder.
Misfortune walks the mountains
From today's perspective, the geological history of the Tatras is represented by a hundreds of millions of years long chain interwoven
with natural disasters, often of enormous proportions, which have gradually contributed to the formation of the Tatras. Natural disasters
were still occurring, even before historical periods, ever since the people first settled the Tatras. References to natural disasters can often
be found in archive records. However, these disasters are rarely caused by geological forces (earthquakes, rockfalls, landslides). More often,
these events are caused by climatic and weather anomalies (devastating storms damaging timber). Nevertheless, geological knowledge can
significantly help in predicting the impact of windstorms on the Tatra forests. The degree of their destruction largely depends on the nature
of the substrate and the groundwater level. It was clearly demonstrated by the impact of the last major wind disasters on 19 November 2004
and 15 May 2014. A forest composed of trees possessing a shallow root system, growing on a substrate formed by weathered sand and
gravel, were complete