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,Dej, atv kazdém zrnku pisku na pousti vidime zdzrak rozdilnosti — to ndm pomduze
brdt sami sebe takové, jaci jsme. Stejné jako na celém svété nejsou dvé stejnd zrnka
pisku, nejsou na ném ani dvé lidské bytosti, které by myslely a jednaly stejné.”

Paulo Coelho
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Uvod

Pisek je béZnou, témér kazdodenni soucasti naseho Zivota, pfesto o ném nevime mnoho
zajimavych véci. Zname ho z brehu fek a potokd, z moiskych plazi, piskoven, staveb a dét-
skych hfist. Malokdo vsak tusi, jak pestré pisky jsou, odkud vlastné pochazi, co viechno se
v nich zachovalo, jak vzacnym materidlem se postupné stavaiji Ci jak prekvapivé krasné mo-
hou byt pod mikroskopem...

Introduction

Sand is a common, almost everyday aspect of our lives. Still, there are many interesting
facts about sand that remain hidden to a general public. Sand can be found on the banks
of rivers and streams, on sea beaches, in sand pits, at construction sites and playgrounds.
Only a few people, however, have an idea of the variety of sands, their sources, of the
record they provide, of how precious material they are gradually becoming, and of how
surprisingly charming they may look under a microscope...






Pisek
KRAJINOTVORNY

Pisek najdeme snad uplné vsude. Uklada se v rliz-
norodém prostredi: v korytech fek a potokd, na
dné jezer a mélkych mofi, akumulace pisku jsou na
poustich i ve velehorach.

Geologové umizpisku ledacos vycist. Nékdy jsou
v ném uUlomky hornin nebo specifickych mineralg,
podle nichz Ize urcit, odkud material pochazi. Veli-
kost, tvar a mira opracovani zrn vypovidaji o trans-
portu a podminkach, ve kterych se pisek usazoval.
Nap¥. zrna na dolnich tocich fek nebo na morském
pobrezi byvaji dobre vytfidéna a zaoblena - diky
dlouhodobému pusobeni vodnich proudd. Analy-
za pisku tedy mGze védcim poskytnout informace
nejen o jeho plvodu, ale tfeba také o zménach pro-
stfedi a klimatu v davné minulosti.

Podle zplsobu vzniku je mozZné rozezndvat:

Vaté (eolické) pisky vznikaji plsobenim vétru
v poustnich a stepnich oblastech. Jsou velmi dobfe
vytfidéné a maji vysoky podil kiemene. Zrna pisku
maji matny povrch oproti zrnkdm z vodniho pro-
stredi, kterd jsou leskla.

Vaté pisky mohou podle mistnich geologickych
podminek a intenzity vétr( vytvaret bud ergy — roz-
sdhlé plosné pokryvy (plochy terén bez prohlubni
pokryty zpravidla vytfidénym navatym piskem),
nebo pisecné presypy - duny (z terénu vystupuiji
vlnovité pahorky tvorené piskem: vyvyseniny ob-
sahuji vétsi zrnka pisku, ve snizenindch mezi nimi
prevladaji naopak mensi velikosti zrn). Podle sméru
proudéni vétru se utvari rizné druhy dun (napf. po-
délné, srpkovité, parabolické ¢i hvézdicové).

Vétrem undaseny pisek postupné obrusuje skaly
i balvany a vznika tak Skala typickych poustnich
ukazl (napf. hrance ¢i skalni hiby).

1) The highest sand dunes lie in the Namib NP (jb); 2) quartz sand
from the Sahara Desert, Sudan (pjj); 3, 4) blown sand with ripples
and abraded stones creating lee areas (zv); 5) a sand whirl on top
of an eolian dune on the bottom of the Moqui Canyon, Utah, USA
(mf)

LANDSCAPE-FORMING
sand

Sand can be found perhaps everywhere. It be-
comes deposited in a variety of environments: river
and stream channels, bottoms of lakes and shallow
seas. Sand accumulations can be found in deserts
as well as in high mountains.

Sand can provide much information to geolo-
gists. It occasionally contains fragments of rocks or
specific minerals indicative of the source of mate-
rial. The mode of transport and the conditions of
sand deposition can be inferred from the size, sha-
pe and roundness of the grains. For example, grains
in lower reaches of rivers and on seashores tend to
be well sorted and rounded - owing to long-term
action of water flows. The analysis of sand may
therefore inform the scientists not only of the ori-
gin of sand but also of environmental and climatic
changes in the distant past.

The following types of sand can be
distinguished by the mode of origin:

Eolian, or wind-blown, sands are formed by wind
action in desert and steppe regions. They are very
well sorted, with a high proportion of quartz. The
surfaces of sand grains are matte, as opposed to
glossy surfaces of grains from aquatic environ-
ments.

Depending on the local geological conditions
and wind intensity, eolian sands give rise to ergs -
extensive sheet accumulations (flat surface with no
depressions, usually covered with well sorted blown
sand) — or sand mounds - dunes (wavy hillocks of
sand rising above the surface: the elevations con-
tain larger sand grains while the depressionsamong
them are dominated by grains of smaller size). De-
pending on the wind direction, different types
of dunes are formed (e.g., longitudinal, crescent-
-shaped, parabolic or star dunes).

Wind-blown sand progressively abrades cliffs as
well as boulders, giving origin to a variety of typi-
cal desert formations (e.g., dreikanter or pedestal
rocks).

1) Nejvy3si pise¢né duny jsou v NP Namib (jb); 2) kiemenny pisek
ze Sahary, Sudan (pjj); 3, 4) vaty pisek s ¢efinami a ohlazenymi
kameny tvoficimi zavétrnna mista (zv); 5) pise¢ny vir na vrcholku
duny navaté na dné karionu Moqui, Utah, USA (mf)



Velkd pisecna duna v popredi s pfimorozci jihoafrickymi, poust Namib, Namibie (jb)
A big sand dune with gemsbok in the front, Namib Desert, Namibia (jb)
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Jihozapadni pobrezi Madagaskaru s vatym piskem (Itampolo) a mala pise¢na poust Maspalomas, Gran Canaria (zv)

_ "-y.pl’seénych piesypd,
ustypes of sand dunes and




Pobiezi Islandu tvofené ¢ernym sopecnym piskem, zatoka Jokulsérldn, Island (pjj)

¥,



Moiské pisky vznikaji v riznych ¢astech oceanu.
Horninovy material naplaveny fekami nebo napa-
dany do more z pobfeznich skal je neustale pfre-
mistovan, opracovavan a tiidén podle velikosti
pohybem mofiské vody (pfilivem a odlivem, mot-
skymi proudy, pfibojem ¢i vinénim). Pisky najdeme
predeviim u pobrezi (pldze, pisecné kosy, bary,
podmorské terasy) nebo ve vétsich hloubkdch
na Selfu (do 200 m), smérem do hlubokych ¢asti
morské panve se pak uloZeniny obvykle zjemnuiji
a prevazuji zde prachové i jilové astice). Vyjimkou
jsou hlubokomoiské pisky, které jsou do nékoli-
kakilometrové hloubky dopravovany turbiditnimi
proudy. Typickym znakem mofskych piskl je orga-
nogenni pfimés, zvlasté schranky, krunyre a kostry
rznych mofrskych Zivocichu. Typickym mineralem
mofskych piskl je zeleny glaukonit. Pisky jsou for-
movany do podmofskych cefin, dun a bar( (valu),
béZnd je téZ kolonizace morského dna rliznymi Zi-
vocichy, ktefi zde zanechavaji své ,stopy”.

Jezerni (lakustrinni) pisky sedimentuji v jezer-
nim prostfedi, zpravidla maji vysoky podil pra-
chové a jilovité frakce. Vyskytuji se nejcastéji
v pfibfeznich zénach, ale u velkych a hlubokych
jezer jsou bézné i hlubokovodni turbiditni pisky.
Jezerni pisky vytvareji podobné formy jako mofiské
(Cefiny, duny apod.), ale neobsahuji glaukonit ani
mofrskou faunu. Zato mohou obsahovat hojnou je-
zerni faunu nebo terestrickou fléru redeponovanou
z pribreznich oblasti (bazin).

Ri¢ni (fluvialni) pisky jsou hafe vytfidéné uloze-
niny tvofici vyplné Fi¢nich koryt nebo sedimentuji
na nivé mimo koryto pfi povodni spolu s jilovo-
prachovitym bahnem. Ulomky hornin unasené
proudici vodou v potocich a fekach jsou postupné
rozmélhovany a zaoblovany. Z velkych valoun( se
tvofi mensi oblazky, pfes jemny pisek az fi¢ni bah-
no. Méné vytfidéné a hrubozrnnéjsi usazeniny jsou
obvykle v hornich tocich fek (divocici feky), zatimco
lépe vytiidéné a jemnozrnnéjsi se vyskytuji v dol-
nich tocich (meandrujici feky).

1, 2) Mataha Island, Indonesia (pjj); 3) dark patches of beach
sands with heavy minerals (zv); 4) a black beach formed by
volcanic material, Lanzarote Island (zv)

Marine sands are formed in different parts of
oceans. Rock material brought by rivers or fallen to
the sea from shoreline cliffs is perpetually redeposi-
ted, abraded and sorted by size due to the motion
of seawater (flood and ebb tides, sea currents, surf
and wave action). Sand can be found primarily near
the shore (beaches, barrier islands, bars, subma-
rine terraces) and at greater depths on the shelf
(depths up to 200 m). The deposits usually become
finer towards deeper parts of the sea basin, being
dominated by silt- and clay-sized particles (also cal-
led mud). Deep-sea sands are an exception: they
are transported down to depths of several kilome-
tres by turbidity currents. A typical feature of ma-
rine sands is the presence of organogenic admixture,
particularly shells, carapaces and skeletal remains
of various marine animals. Characteristic mineral of
marine sands is green glauconite. Sands are shaped
into the form of subaquatic ripples, dunes and bars.
Here, colonization of sea bottom by various animals
who leave their“traces”is a common feature.

Lacustrine sands are deposited in lake environ-
ments. They mostly display a high proportion of
mud fraction. They can be mostly found in near-
shore zones but even deep-water turbidite sands
are a common feature in large, deep lakes. Lacustri-
ne sands form similar bedforms as marine sands
(ripples, dunes etc.) but contain no glauconite or
marine fauna. Instead, they occasionally contain
rich lacustrine fauna or terrestrial flora redeposited
from nearshore regions (swamps).

River, or fluvial, sands include rather poorly sor-
ted sediments filling river channels or deposited on
alluvial plains outside channels together with muds
during floods. Rock fragments entrained by water
flowing in streams and rivers become gradually dis-
integrated and rounded. Large pebbles are turned
into smaller granules, then to fine sand and final-
ly to riverine mud. Somewhat more poorly sorted,
coarser-grained sediments usually accumulate in
upper reaches of rivers (braided rivers) while bet-
ter-sorted, finer-grained sediments accumulate in
their lower reaches (meandering rivers).

1, 2) Ostrov Mataha, Indonésie (pjj); 3) tmavé soucasti plazovych
piskd s tézkymi mineraly (zv); 4) cernd plaz tvofend sopecnym
materidlem na ostrové Lanzarote (zv)
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Deltové pisky se usazuji pfi usti fek do more nebo
jezer. Jsou méné vytiidéné ve srovnani s moisky-
mi nebo fi¢nimi, ¢asto obsahuji mensi mnozstvi
jilovoprachovitého materialu. Tvofi plosné rozsahla
télesa deltovitého tvaru, ktera ¢asto postupuji do
jezerni nebo mofské panve. Jsou slozené z Cefin,
dun, bar( a dalsich dil¢ich pise¢nych téles uloze-
nych v proudici fi¢ni/jezerni/morské vodé, ale Cas-
to se na jejich tvorbé, zejména v hlubsich partiich,
uplatnuji i turbiditni proudy.

Glacifluvialni a glacilakustrinni pisky maji po-
vahu Fi¢nich nebo jezernich uloZenin. Je to ma-
teridl premistény vodami z odtékajicich ledovcl
ulozeny v korytech fek ¢i na dné jezer. Sedimenty
ulozené ¢innosti ledovcl jsou nevytfidéné (tvo-
fené rGzné velkymi ulomky) a ostrohranné, cas-
to jde o kombinaci pisku a Stérku. Je to tim,
Ze v ledovcovych oblastech se voda vyskytuje
v pevném skupenstvi, coZz velmi omezuje moznost
opracovani a vytfidéni castic.

Zvlastni kategorii jsou pak eluvialni (rezidualni)
pisky. Jako pisek se totiz nékdy oznacuji také ne-
premisténé produkty rozpadu (eroze a zvétravani)
rliznych typu hornin. Na jejich vzniku se podili bud
mrazové zvétravani v chladnych oblastech, nebo
intenzivni chemické zvétravani v tropech. Prikla-
dem muze byt napf. Zulové eluvium.

1) Glacifluvialni uloZeniny feky Braldu, Pakistan (pjj);
2) Stérkopiskové naplavy reky Mananjeba, Madagaskar (zv);
3) Siroka piscita niva reky Indus, v pozadi vaté pisky,
Pakistan (pjj); 4) oblast Khomiin Tal, Mongolsko (pjj)

1) Glaciofluvial deposits of the Braldu River, Pakistan (pjj);

2) gravelly-sand deposits of the Mananjeba River, Madagascar (zv);
3) a broad sandy flood plain of the Indus River, blown sands in
background, Pakistan (pjj); 4) Khomiin Tal region, Mongolia (pjj)

Deltaic sands are deposited at places where rivers
meet the seas or lakes. They are rather poorly sort-
ed compared to marine or fluvial sands, and often
contain lesser amounts of mud. They build areal-
ly extensive delta-shaped bodies, which tend to
prograde into the lake or sea basin. They comprise
ripples, dunes, bars and other smaller-scale sand-
bodies deposited in flowing water (riverine water,
lacustrine water or seawater) but they are frequent-
ly contributed even by turbidity currents, especially
at higher depths.

Glaciofluvial and glaciolacustrine sands have the
character of fluvial or lacustrine deposits. They re-
present material transported by waters from melt-
ing glaciers and deposited in river channels and
on lake bottoms. Sediments deposited by glacial
action are poorly sorted (formed by clasts of vari-
ous sizes), angular, frequently combining sand and
gravel. In glacial regions, any processes leading to
a more perfect roundness and better sorting of par-
ticles are inhibited by the presence of solid-state
water.

A specific category is posed by eluvial (residual)
sands. The term ‘sand’ sometimes includes non-re-
deposited products of disintegration (erosion and
weathering) of different rock types. Their origin is
contributed by frost weathering in cold regions,
and by intensive chemical weathering in tropical
regions. An example is granitic eluvium, also called
grus.

23
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Vyskyt piskii v Ceské republice:

 tretihorni (neogenni) moiské pisky v pdsmu le-
mujicim okraj Ceského masivu od Znojma po
Ostravsko

« tretihorni (neogenni) jezerni a deltové pisky
v chebské pdnvi, sokolovské pdnvi, jihoceskych
pdnvich (tfeboriskd, budéjovickd) a Zitavské panvi

« glacifluvidlni pisky v severnich Cechdch (Lu-
Zicko) a ve Slezsku (Opavsko, OsoblaZsko, Krnov-
sko)

« Ficni pisek v terasdch a korytech fek Labe, Vitavy,
Moravy, Jizery apod.

« vdté pisky v okoli feky Labe, dolniho toku Mora-
vy a na Treborisku (materidl pochdzi vétsinou ze
starsich ficnich piskud, které byly prepracovdny
v dobé ledové, kdy u nds bylo sucho a chladno)

« rezidudlni pisky (zvétralé piskovce) napf. v Ces-
kém rdji, Ceském Svycarsku & okoli Blanska

Velmi specifickym fenoménem jsou potom tak-
zvané pohyblivé (tekuté) pisky, kdy se pisek -
casto ve smési s jilem a vodou - mize chovat jako
kapalina. To je nebezpecné, protoze se v ném lze
utopit podobné jako v baZiné. Narazit na tekuté
pisky muzete napf. pobliz usti velkych fek a na plo-
chém pobrezi. Za urcitych okolnosti, tfeba plsobe-
nim seismickych otres(l, dochazi ke ztekuceni pisku
i bez vody a jilu.

Tekouci pisek v hornictvi je oznacovdn jako kurav-
ka. Jde o pisky nasycené vodou (15-45 %), které maji
vysoky podil jilovitych cdstic. Kufavky se vyskytuji
v nadlozi i podlozi uhelnych sloji a vytvdreji protdh-
lé cockovité atvary v jedné nebo nékolika vrstvdch
(napf. na Ostravsku). Voda je zde nékdy pod znaénym
artéskym tlakem, ktery muze zputsobit prival do dil-
niho dila a jeho zatopeni.

1) Jilovitopiscité ulozeniny tretihorniho jezera s hnédouhelnymi
slojemi, lom Vr3any; 2) pisek je propustny materidl, rychle saturuje
vodou a muize i ztekutét (jp, zv)

1) Clayey-sandy deposits of a Tertiary lake with lignite seams,
Vrdany Quarry; 2) sand is a permeable material, prone to fast
water-saturation and possibly liquefaction (jp, zv)

Sand occurrences in the Czech Republic:

« Tertiary (Neogene) marine sands in a belt lining
the margins of the Bohemian Massif between
Znojmo and the Ostrava area

« Tertiary (Neogene) lacustrine and deltaic sands
in the Cheb Basin, Sokolov Basin, South Bohemian
Basins (Trebori and Ceské Budéjovice basins) and
the Zittau Basin

 glaciofluvial sands in northern Bohemia (Lusa-
tia) and Silesia (Opava, Osoblaha, Krnov areas)

« fluvial sands in terraces and channels of the Elbe,
Vitava, Morava, Jizera and other rivers

« wind-blown sands in the surroundings of the Elbe
River, in the lower reach of the Morava River and
in the Trebon area (material mostly derived from
older fluvial sands reworked in glacial periods
characterized by dry and cold climate in the Czech
territory)

« residual sands (weathered sandstones), e.g., in
the Bohemian Paradise, Bohemian Switzerland,
and in the Blansko area

Then, a very specific phenomenon are the so-called
quicksands, in which sand - often mixed with clay
and water — can behave as a liquid. This is danger-
ous as one may get drowned in quicksands similar-
ly as in a swamp. Quicksands can be encountered,
e.g., near mouths of big rivers and on flat shores.
Under certain conditions, for instance by the effect
of seismic tremor, sands become liquefied even at
the absence of water and clay.

In mining industry, quicksands are denoted as “ku-
ravka” (running sand). These sands are water-sa-
turated (15-45 %), with a high proportion of clay
particles. They are present above or below coal
seams, forming elongated, lenticular bodies in
a single or several layers (e.g., in the Ostrava area).
Water in these bodies is sometimes under high arte-
sian pressure, which may induce breakouts into the
mine and its flooding.



Pisek NEUVERITELNE
PESTRY
aneb sto podob pisku

Pisek tvofi podstatnou soucast nezpevnénych hor-
nin zemského povrchu. Je slozen z lomk{ mine-
ralG a hornin, které maji velikost do 2 milimetr(
(usazeniny s prevahou vétsich &astic se nazyva-
ji stérk, s casticemi mensimi nez 50 mikrometru
prach a mensimi nez 5 mikrometrd jil).

Podle velikosti zrna je mozné pisek rozdélit na:
. jemnozrnny (0,05-0,25 mm)

. stfedné zrnity (0,25-0,5 mm)

. hrubozrnny (0,5-2 mm)

Mezi nejhojnéjsi ulomky obsazené v pisku patfi
kfemen. Vyskytuje se totiz skoro ve viech horni-
nach, jejichz zvétravanim a rozpadem pisek vzni-
ka, a navic je mechanicky i chemicky velmi odolny.
Existuje ale i cela fada pisk( slozenych z dalSich
mineralt ¢i alomkd hornin - napi. zelené pisky
s pfevahou olivinu ¢i glaukonitu; ¢erné pisky tvo-
fené prevazné z pyroxenu, amfibolu, magnetitu,
ilmenitu ¢i chromitu, anebo sloZzené z tlomkd so-
pe¢nych hornin. Cervenavé odstiny pisku jsou
zase typické pro aridni (poustni) oblasti, zbarveni
je zpusobeno tzv. poustnim lakem - tenkym po-
vlakem kolem kiemennych zrn tvofenym oxidy
a hydroxidy Zeleza (nékdy i manganu). Pfi vy$sim
zastoupeni Zivch vznikaji zivcové nebo arkézové
pisky, vyssi podil slid a jilovych minerdl(i se ozna-
Cuje terminem jilovité nebo drobovité pisky. V tro-
pickych pribfeznich oblastech se pak bézné vytva-
feji pisky karbonatové (uhlic¢itanové), ve kterych
prevladaji zrna kalcitu a aragonitu nebo vapnité
schranky rliznych organismu ¢i jejich fragmenty.

Macrophotos of sand: 1) Saint-Leu, Reunion Is.; 2) Syros Is., Greece;
3) Menorca Is., Spain; 4) Paracas National Reserve, Peru (pjj, photo
width 10 mm); 5) Cap d’Agde, France; 6) Sumbawa Is., Indonesia;
7) Okinawa, Japan; 8) Zaton, Croatia; 9) Guadeloupe Is.; 10) Bali Is.,
Indonesia; 11) Isle of Wight, UK; 12) Greifensee Lake, Switzerland;
13) Brétignolles-sur-Mer, France; 14) West Coast, New Zealand;

15, 16) Hawaii, USA; 17) Fehmarn Is., Germany; 18) Isle of Wight,
UK; 19) Bali Is., Indonesia; 20) Dubai, desert near Hatta Road

(cs, photo width 8 mm)

UNBELIEVABLY VARIED
sand: a hundred aspects
of sand

Sand is a substantial component of unconsolida-
ted rocks on the land surface. It is composed of mi-
neral and rock fragments which are below 2 mil-
limetres in size (sediments dominated by larger
particles are called gravel, while those dominated
by particles below 50 micrometres and 5 micro-
metres in size are called silt and clay, respectively).

Based on its grain size, sand can be subdivided into:

. fine-grained (0.05-0.25 mm)
. medium-grained (0.25-0.5 mm)
. coarse-grained (0.5-2 mm)

The most common clasts contained in sand are
quartz. Quartz is a constituent of almost all rocks
which give rise to sand through weathering and
disintegration. Moreover, quartz is mechanically
and chemically very resistant. Besides, there exist
many types of sand composed of other minerals
or rock fragments, e.g., greensands dominated
by olivine or glauconite. Black sands are domina-
ted by pyroxene, hornblende, magnetite, ilmenite
and chromite, or composed of fragments of vol-
canic rocks. Reddish shades of sand are typical of
arid regions (deserts) and their coloration is due
to the so-called desert varnish - thin coatings of
iron (less frequently manganese) oxyhydroxides
around quartz grains. Higher representation of
feldspars leads to the formation of feldspathic or
arkosic sands, elevated proportions of micas and
clay minerals are denoted by the terms clayey
or wacke sands. Carbonate sands are common-
ly formed in tropical nearshore regions; they are
dominated by calcite and aragonite grains or by
calcareous shells of different organisms and their
fragments.

Makrofotografie pisku: 1) Saint-Leu, ostrov Reunion; 2) ostrov
Syros, Recko; 3) ostrov Menorca, Spanélsko; 4) rezervace Paracas,
Peru (pjj, site fotografii 10 mm); 5) Cap d’Agde, Francie; 6) ostrov
Sumbawa, Indonésie; 7) Okinawa, Japonsko; 8) Zaton, Chorvatsko;
9) ostrov Guadeloupe; 10) ostrov Bali, Indonésie; 11) ostrov Wight,
Velka Britanie; 12) jezero Greifensee, Svycarsko; 13) Brétignolles-
-sur-Mer, Francie; 14) West Coast, Novy Zéland; 15, 16) Hawaii, USA;
17) ostrov Fehmarn, Némecko; 18) ostrov Wight, Velkd Britanie;

19) ostrov Bali, Indonésie; 20) Dubaj, poust u Hatta Road (cs, Sife
fotografii 8 mm)






Pisek POD MIKROSKOPEM

Pisek je skvély nejen na plazové radovanky, ale také
jako objekt pro mikrofotografii. A co vice, mnoho-
nasobné zvétsena zrnka pisku vypadaji nadherné...

Kolekce jedine¢nych fotografii vznikla na Pfirodo-
védecké fakulté Univerzity Karlovy v Praze. Prvni
mikroskopické fotografie pisku vznikly v rdmci ,Se-
minafe védecké fotografie” v roce 2015, kdy Petr
Jan Juracka se svymi studenty zkousel nové neo-
trelé postupy ve védecké dokumentaci. Jednim ze
spontannich ndpadu bylo fotografovani zrnek pisku
z rtznych koutu svéta. Vznikl tak projekt, kombinu-
jici dva naprosto odliSné mikroskopické svéty, kte-
ré jsou az na vyjimky zcela neslucitelné: svételnou
a elektronovou mikroskopii.

Prvnim svétem je svételnd mikroskopie - tedy ta-
kovd ta klasickd, kterou znd kazdy ze Skolnich lavic.
Mikroskop vyuZiva zdroj svétla a systém sklenénych
cocek, aby zvétsil pozorované objekty. Je to velmi
jednoduchy systém, ktery md vSak mnohd omezeni.
Jednim z nich je zvétseni. V okamZziku, kdy je objekt
zvétsen zhruba 1000krdt, se vinovad délka svétla std-
va pfilis velikou ve srovndni s velikosti pozorovaného
objektu, takZe svétlo objekt de facto obchdzi. Druhym
omezenim je pak limitovand ostrost. V obrazu je ostrd
vzdy jen velmi tenkd rovina ostrosti, zatimco zbytek se
ztrdci'v neostrosti. Prvni omezeni obejit nelze, druhé se
pak resi skldddnim az nékolika set riizné zaostrenych
snimkd v jeden perfektné ostry.

Tim druhym mikroskopickym svétem je pak skeno-
vaci elektronovd mikroskopie (SEM), jak jiz ndzev
napovidd, namisto toku fotont vyuzivd elektrony. Tim
se resi problém se zvétsenim (elektrony maji vyrazné
kratsi vinovou délku nez svétlo), a dokonce i hloubka
ostrosti, kterd je zde Sirsi hned o nékolik fadd. Jenomze
elektronovd mikroskopie poskytuje obraz ve fdadnich
odstinech Sedi, a jakékoliv dodatecné barveni je ob-
vykle jen vyplodem védce ¢i umélce u pocitace.

Obé metody se podafilo experimentalné spojit.
A v praxi to bylo ,odzkouseno” pravé na piscich...
Studentky se zaméfily zejména na zrnka biogenni-
ho plvodu (tedy byvalé mofské organismy), ktera

Sand UNDER A MICRO-
SCOPE

Sand is not only a perfect medium for beach-based
leisure time but also a perfect object for microsco-
pic photography. Moreover, strongly magnified
sand grains look splendid...

A collection of unique photographs originated at
Faculty of Science of Charles University in Prague.
The first microscopic photos of sand were taken
within the “Seminar of Scientific Photography” in
2015 when Petr Jan Juracka and his students were
attempting new, innovative approaches in scienti-
fic documentation. One of the spontaneous ideas
was to photograph sand grains coming from diffe-
rent parts of the world... This evolved into a project
combining two totally different microscopic worlds,
which are — with exceptions - totally incompatible:
optical microscopy and electron microscopy.

Optical microscopy is the first world: a classical tech-
nique, familiar to everyone since their school studies.
The microscope employs a light source and a system
of glass lenses to magnify the observed objects. It is
a very simple system which, however, has a number of
limitations. One of them is the magnification. Starting
from the magnification of about 1000, the wave-
length of light becomes too high compared to the size
of the studied object. The object is then factually by-
-passed by the light. The second limitation is the low
sharpness. Only a very thin layer becomes focused on
the image while the rest of the object is blurred. The
first limitation cannot be avoided, but the second li-
mitation can be overcome by combining as many as
several hundred photos focused to different levels into
a single perfectly focused photo.

The other world in microscopic techniques is scanning
electron microscopy (SEM). As suggested by its name
already, it makes use of electrons, not photons. This
eliminates the magnification problem (electrons have
a considerably smaller wavelength than light) and
eventhefocusis deeper by several orders of magnitude.
Electron microscopy, however, produces images in bor-
ing shades of grey, leaving any additional colouring
just to the phantasy of the scientist or computer artist.
The two methods were successfully combined

maji obvykle krasné tvary a barvy. Kazdé z nich na-
snimaly az ve dvou stech riznych rovindch ostrosti.
Tyto snimky nasledné prolnuly vzdy do jednoho,
celkové ostrého. Nasledné kazdé zrnko (nalepe-
né na hlinikovou minci a pozlacené v argonové
plazmé) oskenovaly elektronovym mikroskopem
a tuto fotografii se zcela vyjimec¢nou kresbou spo-
le¢né se svym 3kolitelem ,napasovali” pres sklada-
nou fotografii ze svételného mikroskopu.

Vznik unikatni fotografie jednoho zrnka pisku je
prace na nékolik hodin. Vysledek ale stoji za to! Jde
o barevné i strukturné pfiméfené vérny obraz toho,
jak takovy pisek vypada. Ten pisek, na kterém si
bezostysné roztahnete deku na plazi...

within the present experiment. In practice, the com-
bination was “tested” on sands... The students con-
centrated especially on grains of biogenic origin
(former marine organisms), which generally display
wonderful shapes and colours. Each of the grains
were photographed at as many as two hundred dif-
ferent focus levels. The photos were subsequently
merged to produce a single, completely focused
photo. Then, each grain (mounted on an alumi-
nium coin and gilded in argon plasma) was scan-
ned using an electron microscope. These images,
showing absolutely exceptional grain morpholo-
gies, were combined with the compound photos
from the optical microscope by the students and
their supervisor.

Production of a unique photograph of a single
sand grain is a several-hours’ work. But it is worth
the effort! Such image of a sand grain is adequately
accurate in both its colour and its structure. A grain
of sand across which you can freely spread a blan-
ket on a beach...

Obycejny pisek z bulharské plaze vyfotografovany polariza¢nim mikroskopem (pjj)
A photo of ordinary sand from a beach in Bulgaria taken by a polarizing microscope (pjj)



Zrnka pisku biogenniho plvodu nasnimana s vyuzitim
kombinace svételné a elektronové mikroskopie
(Sarka Danat¢ikova, Marie Bulinové & pjj)

A photo of sand grains of biogenic origin taken with
the use of combined optical/electron microscopy
(Sarka Danac¢ikova, Marie Bulinova & pjj)




Pisek je domovem mnoha tvord a rostlin: 1) mladé karety obrovské
(Chelonia mydas), ostrov Mataha, Indonésie (pjj); 2) stopa brouka

v pisku pousté Namib (jb); 3) hroznysek pestry (Gongylophis colub-
rinus), Egypt (jb); 4) leguanek (Chalarodon madagascariensis), Ma-
dagaskar (jb); 5) hromadky trusu piskovnika rybarského (Arenicola

marina) (zv); 6) mravenisté v pisku, Venezuela (zv); 7) kulicky vytvorené

pise¢nym krabem, Borneo, Malajsie (zv); 8) mangusta lis¢i (Cynictis

penicillata) v Kalahari (jb); 9) zmije rohata (Cerastes cerastes), Egypt (jb)

Sand hosts many animals and plants: 1) young green sea turtle
(Chelonia mydas), Mataha Island, Indonesia (pjj); 2) tracks of

a beetle in sand of the Namib Desert (jb); 3) Kenyan sand boa
(Gongylophis colubrinus), Egypt (jb); 4) collared lizard (Chalarodon
madagascariensis), Madagascar (jb); 5) droppings of lugworm
(Arenicola marina) (zv); 6) an anthill in sand, Venezuela (zv);

7) balls created by sand bubbler crabs, Borneo, Malaysia (zv);

8) yellow mongoose (Cynictis penicillata), Kalahari Desert (jb);

9) Saharan horned viper (Cerastes cerastes), Egypt (jb)

ZIVOT A STOPY v pisku

Rozsahla Uuzemi tvorend piskem mohou na prvni
pohled plsobit jako sterilni a nehostinné prostredi.
Zdanivsak klame a tfeba rozpalené poustni pisky se
staly domovem mnoha tvoru a rostlin. Také piscita
dna fek, jezer a mofi obyvaji rdzné druhy vodnich
Zivocichu. A nejinak tomu bylo i v ddvné minulosti.
V pisku mohou byt zachovény fosilni schranky ci
kostry pravékych tvor( (fosilie) a také zkamenélé
stopy po Zivoté - ty se nazyvaji ichnofosilie.

Piskovce jsou misty bohaté na stopy davného zi-
vota. Ackoliv nejslavnéjsi paleontologické nalezy
Cech a Moravy vétsinou pochazeji z jemnozrnnéj-
Sich hornin, nez jsou piskovce (trilobiti v Jincich a ve
Skryjich, ryby a krytolebci od Nyran, zaby z Bechle-
jovic u Décina), ve svété to tak docela neplati. Mir-
né vapnité pisky jsou totiz skvélym prostifedim pro
zavati a zachovani celych koster dinosaur(l. Takové
nalezy pochazeji napfiklad z USA nebo Mongolska.

Pisky smisené kupfikladu s jily mohou byt skvé-
lym podkladem pro zachovani otiski koncetin di-
nosauri (vyjimecné i celych putujicich stad) nebo
velkych tretihornich savcu. U nas je obdobou téch-
to naleziét lom,Krakorka” u Cerveného Kostelce. Ta-
méjsi piskovec je triasového stafi; v prachu a blaté
tam obcas probéhli ti Uplné nejstarsi dinosaufi.

Ani drobnéjsi zivocCichové nevychazeji v piskov-
cich uplné naprazdno. Pisky se totiz obvykle usadily
v prostredi se silnym vinénim a napfiklad schranky
mékkysi musely byt tomuto prostredi uzplsobe-
ny. Casto méli velké a silné schranky (kupfikladu
mlzi rodl Rhynchostreon nebo Inoceramus), které
se navzdory chemicky kyselym spodnim vodam
dochovaly, nebo se sice rozpustily, ale alespon zU-
staly v piskovcich dutiny presné odpovidajici tvaru
rozpusténé schranky musli.

V mélkych mofich si dodnes miliardy drobnych
moiskych rackl buduji systémy chodbicek, né-
kdy pfirovnavané k miniaturnim systémam tunel(
metra ve velkych méstech. Racci stravi ,v podze-
mi” velkou ¢&ast svého Zzivota; zivi se drobouckymi
ku. Stopy po téchto pradavnych ,podzemnich més-
tech” jsou krasné zachovalé napfiklad u cesty mezi
Pravcickou branou a Mezni Loukou, na ubocich Dé-
¢inského Snézniku nebo ve skaldch pod Ralskem
(Juliina vyhlidka).

LIFE AND TRACES in sand

Vast areas formed by sand may give the impression
of sterile, hostile environments at a first look. Ap-
pearances are, however, deceptive: for example,
glowing desert sands have become the home of
many animals and plants. Sandy bottoms of rivers,
lakes and seas are also inhabited by various spe-
cies of aquatic animals. And this was the case in the
distant past, too. Sand may preserve fossil shells or
skeletons of ancient creatures (fossils) as much as
petrified traces after life activities — these are called
ichnofossils.

Sandstones are rich in traces of ancient life at cer-
tain places. The most famous paleontological
finds in Bohemia and Moravia mostly come from
finer rocks than sandstones (trilobites from Jin-
ce and Skryje, fishes and stegocephalians from
Nytany, frogs from Bechlejovice near Décin). This
rule, however, does not fully apply in global scale:
weakly calcareous sands are a perfect environment
for the burial and preservation of complete skele-
tons of dinosaurs. Such finds come from the USA or
Mongolia, among others.

Sands, when mixed with clays, for instance, may
become a perfect fundament for the preservation
of tracks of dinosaurs (exceptionally even whole
migrating dinosaur herds) or large Tertiary mam-
mals. An analogue of these sites in the Czech
Republic is the “Krakorka” quarry near Cerveny Kos-
telec. Its sandstone is Triassic in age; dust and mud
at this site were occasionally crossed by some of the
oldest dinosaurs.

Smaller-scale animals are neither completely
absent in sandstones. This is because sands were
usually deposited in environments with a strong
wave action, and the shells of some animals (e.g.,
molluscs) had to adapt to such settings: they were
often big and thick (e.g., bivalves of genera Rhyn-
chostreon or Inoceramus). Such shells were preser-
ved despite chemically acid groundwater, or were
dissolved, but at least left behind cavities in sand-
stone precisely corresponding to the shapes of the
dissolved shells.

Even in modern shallow seas, billions of minu-
te marine malacostracans (crayfish) construct
systems of corridors, sometimes compared to
miniature systems of subway tunnels in big cities.



2

A
= P
o
Vot

'-.f-

10) magrove, Cayo Coco, Kuba (pjj); 11) moiské fasy vyplavené na plazi, Mada-
gaskar (zv); 12) poustni endemit Welvitchia mirabilis, Namibie (jb); 13) rasici kokos
na plazi neobydleného ostrova Bilang Bilangan, Indonésie (pjj); 14) povijnice kozi
noha (Ipomoea pes-caprae), pobiezi Madagaskaru (zv); 15) uschly stromek na
boku pise¢né duny, Utah, USA (mf)
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10) magrove, Cayo Coco, Cuba (pjj); 11) sea weed stranded on a beach, Mada-
gascar (zv); 12) a desert endemite of Welvitchia mirabilis, Namibia (jb); 13)
a sprouting coconut on the beach of the uninhabited island of Bilang Bilangan,
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T e D - T g : e AR i g i e : 3 e - Indonesia (pjj); 14) goat’s foot (Ipomoea pes-caprae), Madagascar coast (zv);
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R - T R Ea L g e o e A e < & : _ 15) a dry tree on a flank of a sand dune, Utah, USA (mf)
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,Stopovani dinosaura” (malba Petr Modlitba) / “Tracking a dinosaur” (a painting by Petr Modlitba)

Stopy vzniklé na povrchu pis¢itého morského dna
maji zdanlivé nulovou $anci se dochovat. Moznost
vsak prece jen existuje. Pfi okrajich kontinentl se
obdcas (v horizontu desetileti az tisicileti) uvolAuji
Javiny” pis¢itého materidlu a klouZzou po pevnin-
ském svahu doll. Pevninské svahy byvaji mnoho
kilometrd dlouhé, a tak rychlost ,lavin” (mezi geo-
logy znamych jako tzv. turbiditni proudy) muze
dosahnout nékolika set kilometr( za hodinu. Proto
i dojezd laviny” je tctyhodny. Turbiditni proud vzdy
zabije vétsinu obyvatel dna, ale jini se brzy navraceji
ze sousednich, nepostizenych oblasti. Hluboko na
dné ocednské panve je klid, a proto se tam vtisténé
stopy casto vytecné zachovaji. Podavaji nam obra-
zek o zivoté v hlubokych mofich, nejlepsi, jaky za-
tim mame. Ocednografové pravem fikaji, Ze o tom,
co je pod hlubokomoiskym dnem, vime méné nez
o tom, co lezi na Mésici. Fascinujici tvary i jména,
jako Protovirgularia, Zoophycos nebo Paleodictyon,
zde vesmés poprvé v CR vystavena na vefejnosti,
jsou diikazem.

Foto na této a nasledujici strané:

1) Stopa dinosaura nazvana Anomoepus, trias, lom U Deviti

krizd (rm); 2) velci mlzi Mytiloides labiatus, kfida, Tiské stény (zv);
3) slozita spirdlovita stopa (Zoophycos) vznikla po skladovani
potravy neznamého krouzkovce, paleogén, Bzova u Uherského
Hradisté (rm); 4) Sachty mofrskych racka smétujici do hlubinného
labyrintu, kfida, Stfibrné stény v Ceském Svycarsku (vs); 5) hvéz-
dicovité zasobarny potravy bezobratlych, kfida, Labské piskovce
(rm); 6) vrstevni plocha s doupaty rack(, kfida, Cerveny Kostelec
(rm); 7) stopy obojzivelnikl v jezernim pisku, Libstat, perm (jp);
8) nejstarsi mravkolvi trychtyf vznikl sou¢asné s vyhynutim trilobi-
t0, jizni Polsko (rm); 9) stopy pojidani organické vrstvicky na dné,
devon, Svatokfizské hory, Polsko (rm); 10) zkamenéli
ramenonozci, devon, jih Polska (rm)

Photos on this page and following two pages:

1) A dinosaur track called Anomoepus, Triassic, U Deviti kiiz{
Quarry (rm); 2) large bivalves of Mytiloides labiatus, Cretaceous,
Tiské stény Cliffs (zv); 3) a complex spiral-shaped trace (Zoophy-
cos) formed after storage of food by an unknown annelid worm,
Paleogene, Bzova near Uherské Hradisté (rm); 4) shafts of marine
crayfish directed to a deep labyrinth, Cretaceous, Stfibrné stény,
Bohemian Switzerland (vs); 5) asteroidal food storages of inver-
tebrates, Cretaceous, Elbe Sandstones (rm); 6) a bedding plane
with crayfish burrows, Cretaceous, Cerveny Kostelec (rm); 7) tracks
of amphibians in lacustrine sands, Libstat, Permian (jp); 8) the first
conical ant-lion pits were contemporaneous with the extinction of
trilobites, southern Poland (rm); 9) traces after grazing on bottom
organic film, Devonian, Holy Cross Mts., Poland (rm);

10) fossil brachiopods, Devonian, S Poland (rm)

Crayfish spend a large part of their lives “under
the ground”; they feed on tiny animals (mainly
arthropods) living among sand grains. Traces
after these ancient “subterranean cities” are per-
fectly preserved, e.g., along the path between the
Pravcickd brana Arch and Mezni Louka, on the
slopes of Décinsky Snéznik Hill, or in cliffs at the
foot of Ralsko Hill (Juliina vyhlidka Viewpoint).

Traces formed on the surface of a sandy sea bot-
tom have apparently no chance of preservation.
There is, however, still a possibility. At continental
margins, “avalanches” of sand-sized material are
occasionally (after decades or millennia) released,
slumping down the continental slope. These slopes
are many kilometres long, which allows these
“avalanches” (known as turbidity currents among
geologists) reach the speed of several hundreds
kilometres per hour. As a result, the range of these
“avalanches” is no less magnificent. Turbidity cur-
rents always kill most of the bottom-dwelling or-
ganisms but others return from the neighbouring,
unaffected areas soon. Peaceful conditions deep
on the bottom of an oceanic basin frequently allow
for a perfect preservation of the imprinted traces.
These traces reflect life activities in deep seas, pro-
viding as yet the best available information. Ocea-
nographers are right saying that we have a poorer
idea on what lies beneath the deep sea floor than
what is on the Moon. This is evidenced by fasci-
nating shapes and names, such as Protovirgularia,
Zoophycos or Paleodictyon, belonging to traces dis-
played at the present exhibition, mostly for the first
time in the Czech Republic.
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Pisek UZITECNY

Pisky maji velmi Siroké vyuziti, dobyvali je uz nasi
predkové a jsou zadané i v soucasnosti. Reprezen-
tuji totiz dulezZitou nerostnou surovinu pouzivanou
predevsim ve stavebnictvi do betonu, asfaltu ad.
(hlavné cisté kiemenné pisky), ve sklafském pri-
myslu (nejcistsi kiemenné pisky s velmi nizkym
obsahem Zeleza a jinych pfimési), ve slévarenstvi ¢i
v keramickém primyslu. Vétsina svétovych zasob
pitné vody, ropy a plynu je ulozena v rezervoarech
tvofenych pise¢nymi ulozeninami. Nékteré pisky
bohaté na tézké mineraly jsou tézeny jako rozsypo-
va loziska tézkych kovl (zlata) a drahokam. Pisky
jsou také nepostradatelnou surovinou pfi vyrobé
aut, mikrocipu, soldrnich panelt ¢i chytrych telefo-
na. V neposledni fadé jsou také zdrojem oxidu kre-
micitého, ktery nalezneme ve ving, v Cisticich pro-
stfedcich, saponatech, papiru, dehydrované stravé,
v zubnich pastach, v kosmetice a dalSich vyrobcich,
které pouzivame kazdy den. Nékdy je proto pisek
pfizna¢né nazyvan ,sypké zlato".

Drancovani lozisek a nelegalni obchod

V poslednich desetiletich roste celosvétové po-
ptadvka po této nenahraditelné suroviné. Spotre-
ba pisku stoupla za poslednich 20 let vice nez
trojnasobné. Zdroje vyuzitelného pisku jsou viak
omezené a lidé ho vytézi vyrazné vice, nez kolik
se ho do pfirody dostane zpét pfirozenymi proce-
sy (tedy erozi a zvétravanim hornin). Proto pisek
z povrchu Zemé pomalu, ale jisté mizi...

Pisek je po vodé nejvyhleddvanéjsim pfirodnim zdro-
jem. Podle statistik se ro¢né na celém svété spotrebu-
je az 50 miliard tun pisku, coZ odpovidd spotrebé cca
18 kg na ¢&lovéka/den. Napriklad na stavbu rodinné-
ho domu se spotrebuje asi 200 tun pisku, na kilometr
ddlnice pak kolem 30 000 tun. Z mnozZstvi pisku,
které lidstvo rok co rok spotrebuje, by se dal navrsit
27 mvysoky a 27 m Siroky val kolem rovniku.

BohuzZel ani stale se rozsitujici pise¢né pousté nedo-
statek pisku nevyfresi — zrna pisku jsou zde vétrem
natolik ohlazend a velikostné vytfidénd, ze nedrzi
pohromadé a nejsou pro stavebni Gcely pouzitel-
na. Naprosta vétSina vyuzivané suroviny pochazi

USEFUL sand

The utilization of sands is very wide. Sand used to be
exploited by our ancestors as much as it is demand-
ed today. Sand represents an important industrial
mineral, used mostly as a component for the pro-
duction of concrete, asphalt etc. (especially pure
quartz sands) in the construction industry, then in
the glass-making industry (the purest quartz sands
with very low contents of iron and other adverse
admixtures), and in the foundry and ceramics in-
dustries. Most of the world’s reserves of potable
water, oil and natural gas are contained in sandy
reservoir rocks. Sands rich in heavy minerals are
exploited as placer deposits of heavy metals (gold)
and precious stones. Sand is an equally indispensa-
ble material in the manufacture of cars, microchips,
solar panels or smartphones. Last but not least, it is
a source of silica, which can be found in wine, clean-
ing utilities, detergents, paper, dehydrated food,
toothpastes, cosmetics and other products of eve-
ryday use. This is why sand is sometimes appropria-
tely called “loose gold".

Plundering of deposits and illegal trade

The global demand for this indispensable material
is growing in the last decades. Sand consumpti-
on has risen by the factor of three during the last
20 years. Sources of exploitable sand are, however,
limited and the amounts extracted by man are no-
tably higher than those supplied in the natural sys-
tem by standard processes, i.e., by rock erosion and
weathering. In result, sand disappears from the
Earth surface slowly but constantly...

Sand is the most demanded natural resource af-
ter water. According to the statistics, as much
as 50 billion tonnes of sand are consumed in
global scale every year. This corresponds to
a consumption of ca. 18 kg per capita and day. For
example, every construction of a family house con-
sumes about 200 tonnes of sand, and the construc-
tion of one kilometre of a freeway consumes around
30,000 tonnes of sand. The amount of sand con-
sumed every year by the human race would be suffi-
cient for the erection of a rampart 27 m high and
27 m broad around the Equator.
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z ficnich naplavud. Jemny kopany pisek se pfidava
napf. do omitek, o néco hrubsi stérkopisek se pou-
ziva jako prisada do betonu. Tridi se do frakci podle
hrubosti. Pisek z morskych ulozenin (tedy z plazi
a moiského dna) Ize také pouzit, casto se ale musi
ve sladké vodé zbavit soli, ktera zpUsobuje korozi.

Stavebni boom zejména v asijskych zemich zpu-
sobil dokonce vznik ,pise€nych mafii’, které ve
velkém drancuji plaze a koryta fek. Rozsahla nekon-
trolovand tézba pisku vyrazné poskozuje Zivotni
prostredi — zpUsobuje erozi a destabilizaci pobrezi,
zhrouceni fi¢nich brehd, ovliviiuje zasoby povrcho-
vé i podzemni vody, nici cenné ekosystémy. PFi-
rodni mechanismy chranici pevninu pfed boufremi
a vinami tsunami pak prestavaji fungovat.

Pisek z plazi mizi ve Vietnamu, Kambodzi, Sier-
ra Leone, Maroku, na Kapverdach i jinde. Kvili téz-
bé pisku se napf. v Indonésii do more propadaji
a mizi desitky ostrov(, v delté Mekongu je zase téz-
bou ohroZzeno mnoho vesnic a hrozi stéhovani az
pal milién( lidi. Rada zemi, predevsim asijskych, uz
zakazala vyvoz této suroviny do zahranici. llegalni
obchod s piskem vsak kvete dale az v 70 zemich
svéta...

Pisek, surovina, které je méné, nez se zdd: Védci se
proto usilovné snazi vyvinout umélé alternativy, které
by pisek v budoucnu nahradily. Resenim by mohla byt
i recyklace stavebnich surovin ¢i ndhrada jinymi po-
dobnymi materidly.

Tézba pisku v CR

Vyuzitelnd loziska byvaji vétSinou ctvrtohorniho
nebo tretihorniho stari, v Cechach a na Moravé se
Casto tézily i rozpadavé piskovce kridového stari.

Historie téZby pisku na nasem uzemi saha az do
raného stfredovéku, v té dobé se pisek tézil ru¢né a
vznikaly tak pouze malé vytéZzené plochy. Pisek byl
dobyvan nejen povrchové (v pise¢nych jamach, cas-
to u breh( fek ¢i na fi¢nich ostrovech nebo mélkymi
pinkami v mistech rozpadlé horniny), ale také hlu-
binné.Vznikly tak drobné umélé jeskyné znamé tre-
ba z okoli Sloupu v Cechach, ale i pomérné rozsahlé
podzemni stoly (v naSem regionu napt. Sandhéhlen
u Staré Olesky, Labyrint (téZ Sandloch) v Ludvikovicich
nebo Riedelova jeskyné u Dolniho Prysku).

Unfortunately, the shortage of sand can be neither
solved by the constantly expanding sand deserts:
sand grains in deserts are so abraded by wind and
so perfectly sorted that they do not hold together
and cannot be used for construction purposes. The
absolute majority of exploited material comes from
fluvial deposits. Excavated fine-grained sand is be-
ing added, e.g., to plasters, and somewhat coarser
sand and gravel is used as an additive to concrete.
It is sorted by its grain size into fractions. Sand from
marine deposits (beaches and sea bottom) can be
also used but has to be washed in fresh water to get
rid of salts which induce corrosion.

The construction boom, especially in Asian
countries, led even to the establishment of “sand
mafias’, which plunder beaches and river channels
at large. The extensive unregulated sand extraction
inflicts considerable damage to the environment,
causing shoreline erosion and destabilization, col-
lapses of river banks, affecting the reserves of surfa-
ce water and groundwater, and destroying valuable
ecosystems. In result, natural mechanisms protec-
ting the land from thunderstorms and tsunamis be-
come ineffective.

Sand disappears from the shores of Vietnam,
Cambodia, Sierra Leone, Morocco, on the Cape Ver-
de Islands and elsewhere. In Indonesia, for exam-
ple, tens of islands subside under the sea level and
disappear due to sand miming. In the delta of the
Mekong River, mining brings threat to many vil-
lages, with the dwellings of as many as half million
people at risk. Many countries, particularly those
from Asia, have already banned the export of this
material abroad. Nevertheless, illegal trade with
sand continues to flourish in as many as 70 coun-
tries across the world...

Sand: material which is scarcer than it appears.
Therefore, scientists give much effort to the develop-
ment of synthetic alternatives, which would be used
as substitutes for sand in the future. The problem
could be solved by the recycling of building materials
or by the replacement of sand by other, similar mate-
rials.

Sand exploitation in the Czech Republic

The exploitable deposits are mostly of Quaterna-
ry or Tertiary age, but even friable sandstones of

1) Nelegalni tezba diamantud prosévanim piskd na fece Acanan v NP Canaima, Venezuela (zv); 2) tiidirna stérkopisku
Roztyly-Sobésuky; 3) piskovna Chotikov; 4) ¢inny lom v Ceské Kamenici tézici rozpadavy piskovec (pa)

1) lllegal diamond mining by sieving sands of the Acanan River, Canaima NP, Venezuela (zv); 2) a sand-and-gravel sorting plant
at Roztyly-Sobésuky; 3) a sand pit at Chotikov; 4) an active quarry for friable sandstone at Ceska Kamenice (pa)
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Piskovna Hrusovany u Brna, pisek je zde téZen s pomoci nakladact ze stén az 10 m
vysokych a pfimo v piskovné je upravovan pranim a tfidénim (pa)

At the sand pit of Hrusovany u Brna, sand is mined with the use of wheel loaders

from faces up to 10 m high and processed through washing and sorting directly
in the sand pit (pa)
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10) Marokénka; 11) Potici; 12) Kaznéjov; 13) Hlavacov; 14) Brnisté; 15) Vaclavovice (Polanka nad Odrou); 16) Hulin (pa)

Vzorky pisku z ¢eskych piskoven (3itka fotografii 16 mm) / Samples of sand from Czech sand pits (width of photos 16 mm):
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Pisek v rukach
¢lovéka mizZe poma-
hat i skodit, mdze
vsak byt i tvircim
materidlem a svadét
k rGznorodym
hratkam... :-) (zv, pjj)

Sand in human
hands may be either
beneficial or harm-
ful; it may equally
pose creative
material and entice
into a variety of fun
activities... :-) (zv, pjj)

Rozlehlé piskovny vznikly az v obdobi komunismu,
vrchol tézby pak spada do 80. let 20. stoleti (souvi-
sel s rozmachem stavebnictvi — napf. stavbou jader-
né elektrarny Temelin). V souasnosti je viak tézba
pisku samotného okrajovou zalezitosti. Dochazi k ni
pouze v akumulacich vétych piskd, z nichz vétsina
uz je soucasti zvlasté chranénych uzemi. Sklaiské
a slévarenské pisky jsou pak tézeny napt. v Provodi-
né ¢i vlomu Strele¢. Mnohondasobné vice je oblasti,
ve kterych se tézi stérkopisek (stovky ¢innych pis-
koven).TéZba je nejrozsirenéjsi v povodi Labe a dale
v jiznich Cechéch (v okoli Vltavy a Luznice).

Pisek jako suvenyr?

Problémem zacina byt v posledni dobé nejen vel-
koobjemova tézba. Pisek se ve velkém zacal ztracet
napfiklad i z oblibenych pfimorskych plazi. Za to
pro zménu mohou nenechavi turisté. Skoro kazdy
si chce zdovolené odvézt domUl néjakou neznicitel-
nou vzpominku. A esteticky vypadajici pisek se zda
byt idealni suvenyr...

V roce 2019 informoval zahrani¢ni tisk o nékoli-
ka pripadech zadrZeni cestovatel(, ktefi si odvazeli
z dovolené desitky az stovky kilogramU pisku. Na
vybranych evropskych plazich (napf. na Sardinii ¢i
nékterych feckych ostrovech) dnes tedy nestrazi
jen pobrezni hlidka zachranuijici topici se plavce, ale
noveé i tzv.,strazci pisku’, ktefi maji upozornovat na
kradeze pisku a daldi porusovani pravidel na vefej-
nych plazich. Za ,kradez a pasovani” pisku, musli,
Skebli ¢i oblazk hrozi v nékterych zemich nejen
vysoka pokuta, ale az nékolikaleté vézeni.

Na turisticky oblibené Smaragdové pobreZi na seve-
rovychodé Sardinie byly vrdceny tuny pisku, obldzky
a Skeble nalezené v zavazadlech turistu. Za posled-
nich deset let bylo na ostrové vyletnikim zabaveno
kolem 10 tun pisku.

JKrddez stoleti” vSak probéhla mnohem dfive na
vzddlené Jamajce, kde v roce 2008 pres noc praktic-
ky zmizela CtyFsetmetrovd pisecnd pldz Coral Spring.
Nezndmi pachatelé odvezli z pobrezi 500 ndkladnich
vozu bilého pisku a oblast tim byla turisticky znehod-
nocena...

Dalsi vyuziti pisku

+ Ve starovéku a stfedovéku se pisek pouzival
dokonce ve vojenstvi; rozzhaveny byl obava-
nou zbrani obranct béhem obléhani.

Cretaceous age were often extracted in Bohemia
and Moravia.

The history of sand exploitation in the Czech terri-
tory extends deep into early medieval times. Then,
sand was hand-mined and its extraction thus left
behind only small patches of exploited land. Sand
was extracted from the surface (in sand pits, often
at river banks and on islands in rivers, or through
shallow trenches at sites of disintegrated rock) as
well as in the subsurface. These activities produced
small artificial caves known, e.g., from the area of
Sloup v Cechéch, but also relatively extensive sys-
tems of galleries. Examples from our region include
Sandhéhlen near Stard Oleska, Labyrint (also Sand-
loch) at Ludvikovice or the Riedel Cave near Dolni
Prysk.

Extensive sand pits were established not soon-
er than in the communist era, with the production
culminating in the 1980s (this was related to the
construction boom - e.g., construction of the Te-
melin nuclear power plant). Extraction of sand itself
is now a marginal issue, however. It occurs only in
the accumulations of wind-blown sands, most of
which are now included in areas of specific prote-
ction. Glass and foundry sands are exploited, e.g.,
at Provodin or in the Strele¢ quarry. The areas of ex-
ploitation of sand and gravel are much more nu-
merous (hundredsover active sand pits). This acti-
vity is most widespread in the Elbe River basin and
in southern Bohemia (around Vltava and Luznice
rivers).

Sand as a souvenir?

Large-volume sand extraction is not the only pro-
blem recently. For instance, large volumes of sand
have been removed also from popular seashore
beaches. It is the sticky-fingered tourists who are to
be blamed for this activity. Almost everyone wants
to bring home some kind of an indestructible me-
mory from their holiday. And aesthetic-looking
sand seems to be an ideal souvenir...

In 2019, foreign press informed of several de-
tentions of travellers who were carrying tens to
hundreds of kilograms of sand from their holidays.
It is thus not only the coast guard rescuing drown-
ing swimmers but also the “sand guard” that pa-
trols on selected European beaches (e.g., Sardinia
or some Greek islands). Duties of the sand guard
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« Obycejné pytle s piskem jsou jednim z nejefek-
tivnéjsich protipovodnovych opatieni, proto-
ze jsou snadno dostupné a manipulovatelné.

« Pisek se uplatiiuje také pfi hledani zdroja pit-
né vody ¢i lozisek uhlovodik(. Zvlastni druh
takovych lozisek predstavuji roponosné nebo
bitumenni pisky.

« Velky vyznam ma rovnéz aplikace pisku pfi
ziskavani takzvaného bfidlicného zemniho
plynu. Jedna se o novou technologii hydrau-
lického s$tépeni neboli frakovani. Pfi tomto
zplsobu tézby se provedou vrty do loZisek
cernych bfidlic, kam se pod tlakem vhani voda
s piskem. Horniny diky vysokému tlaku po-
praskaji a do prasklin vnikne pisek, jenz je
pomaha udrzet oteviené. Z prasklin nasledné
unikd zemni plyn, ktery je pak jiman.

« Pisek (a piskovec) vyuzivaji pro jeho specifické
vlastnosti i mnozi umélci a vytvarnici, vyrabi se
z néj také netradic¢ni Sperky...

« Pisek slouzi i k dals$im mnoha rlznym ucelim
a je béZnou soucasti véci vyuzivanych v kazdo-
dennim zZivoté (pfesypaci hodiny, substrat do
akvarii a terarii, piskovisté pro déti, meditacni
japonské zahrady, souc¢ast malty, zimni posyp
silnice,...)

Pisek je hlavni surovinou sklaiského primyslu (1) a vyznamnou
piimési vétsiny stavebnich materiald (2, 3, 6), mize ale slouzit
také k meditaci a relaxaci (4, 5) (Pixabay)

Sand is essential for glass industry (1) and an important admixture
to most building materials (2, 3, 6), it may also serve for meditation
and relaxation (4, 5) (Pixabay)

entail reporting sand thefts inasmuch breaking
of other rules on public beaches. “Theft and smug-
gling” of sand, conchs, shells or pebbles are prose-
cuted by high fines or even several-years’ imprison-
ment in some countries.

The touristically attractive Emerald Coast in north-
eastern Sardinia received back its tons of sand, peb-
bles and shells retrieved from the luggage of tourists.
About 10 tons of sand have been confiscated from the
travellers on this island in the last decade.

The “theft of the century’; however, occurred much
earlier in distant Jamaica: the 400 m long sand beach
of Coral Spring practically disappeared overnight in
2008. Five hundred trucks of white sand were removed
from the shore by unknown culprits and the area thus
became depreciated for tourism...

Further utilization of sand

« In ancient and medieval times, sand was used
even in military art: heated sand was a dreaded
weapon of defenders during siege.

« Ordinary sand-filled bags are one of the most
effective anti-flood measures because they are
easily available and easy to manipulate.

« Sand finds its use also in the exploration for po-
table water sources and hydrocarbon deposits.
A special type of such deposits is represented
by oil-bearing and bituminous sands.

«  Of great importance is also the application of
sand in the acquisition of the so-called shale
gas. It is a novel technology of hydraulic fis-
sion, or fracking. This mining method starts with
drilling into black shale deposits. Then, water
and sand are pumped under pressure into the
boreholes, inducing rock fracturing. The fractu-
res become pervaded by sand which helps to
keep them open. Natural gas is subsequently
emanated from the fractures and pumped to
the surface.

« Sand (and sandstone) are utilized by many
artists and visual artists for their specific pro-
perties; they also serve for the manufacture of
non-traditional jewellery...

« Sand can be used for a number of different pur-
poses. It is a common component of objects
used in everyday life (hourglass, substrates for
aquaria and terraria, sandboxes for children,
Japanese meditation gardens, a component of
mortar, road scatter in winter,...)
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Obydlené ostrovy z pisku v Abt Dhabi, Spojené arabské emiraty (pjj)
Populated islands built of sand in Abu Dhabi, United Arab Emirates (pjj)
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Pestrost piskovcovych skalnich tvar( - priklady z NP Arches, USA (1,4) a ¢eského skalniho mésta Apolena (2, 3) (mf)
A variety of sandstone rock formations: examples from Arches NP, USA (1,4) and Apolena rock city, Czech Republic (2, 3) (mf)

Pisek jako KLIC

K OBJEVUM aneb jak
vznikaji skalni brany
a dalsi obdivuhodné
skalni utvary

Pisek se od piskovce lisi tim, ze nema tmel, ktery
by poutal jednotlivd zrnka pisku k sobé. Existuje
ale bizarni materidl, ktery lezi mechanickymi vlast-
nostmi na pfechodu piskovce a pisku: uzamceny
pisek. Kiemenna zrna uzamceného pisku do sebe
dobre zapadaji a uzamceny pisek tak vydrzi velky
tlak. Mezi zrny uzamceného pisku ale neni zadny
tmel, a proto Ize zrna pisku velmi snadno odtrhnout
od sebe. Deseticentimetrova kostka uzamceného
pisku tak unese osobni auto (namahani tlakem),
ale zaroven se tataz kostka rozpadne samovolné ve
stojaté vodé. V lomu Stiele¢ se uzamceny pisek dfi-
ve tézil rozplavovanim vodou z hasi¢ské proudnice.
Dnes, kdy se tézi na sucho, je tfeba pouzit trhavin.

V uzamceném pisku vznikaji béhem pouhych
minut zmenseniny skalnich utvard, které zndme
z narodnich parkd v piskovcich po celém svété:
skalni brany, pilite, skalni hfiby ¢i véze. Pozorova-
nim uzamceného pisku mizeme objasnit, jak tyto
skalni Utvary vznikaji. Uzamceny pisek se prednost-
né eroduje tam, kde je maly tlak mezi zrny pisku.
Vy33i tlak mezi zrny vede k vy$Simu tfeni a pro ero-
zi je pak obtizngjsi nebo i nemozné zrnka pisku ze
stlacené struktury uvolnit. V tthovém poli Zemé na
sebe vSechna zrnka tlaci tim silnéji, ¢im mocnéjsi je
nad nimi nadloZi, a tlak je proto pfitomen v kazdé
horniné. Je to pravé horninovy tlak, ktery propojuje
vSechna zrna do jediného celku.

Pokusy s uzamcéenym piskem ukdzaly, Ze skalni
brdna vznikd tehdy, kdyz je skalni masiv porusen vo-
dorovnou nebo sikmou puklinou nebo jinou diskon-
tinuitou (nespojitosti), pres kterou se tlak nemtze
Sifit (napf. vrstvou jilu). Tlak se vyhybd diskontinuité
a napospas erozi tim ponechdvd i piskovec v okoli
diskontinuity, ktery je mdlo stlaceny. Nad diskonti-
nuitou se vytvdri stlaceny oblouk, ktery je zdkladem
budouci brdny a eroze tento tlakovy oblouk vlastné
zhorniny vypreparuje.

Sand as AKEYTO
DISCOVERIES: on the
origin of natural arches
and other spectacular
rock formations

Sand differs from sandstone in having no cement
which would tie individual sand grains together.
There is, however, peculiar material lying at the
transition between sand and sandstone in its me-
chanical properties: locked sand. Quartz grains of
locked sand fit well into one another, which gives
locked sand a great resistance to pressure. On the
other hand, the absence of cement among the
grains permits a very easy detachment of the grains
from one another. As a result, a 10-centimetre cube
of locked sand can be loaded by a passenger car
without getting fractured (pressure loading) but
the same cube disintegrates spontaneously in stan-
ding water. In the quarry at Strele¢, locked sand was
previously mined by water jet from a fire hosepipe.
Now that water is not longer used for the mining,
explosives must be applied.

Miniatures of rock formations known from
sandstone national parks all over the world, like
arches, pillars, mushroom rocks and towers, can
form in locked sand within minutes only. The origin
of these rock formations can be explained based
on observation of locked sand. The erosion of
locked sand proceeds preferentially at places with
low pressure among sand grains. Higher pressure
among sand grains results in higher friction, which
makes it much more difficult or even impossible for
erosion to release the grains from the compressed
structure. In the gravity field of the Earth, all grains
push harder against one another as the thickness of
the overburden increases. Pressure is therefore pre-
sent in each rock. And it is precisely the rock pres-
sure which integrates all grains into a single system.

Experiments with locked sand have shown that na-
tural arches are formed if the rock massif is cross-cut
by a horizontal or inclined joint or other discontinuity
which prevents pressure to be transmitted (e.g., a clay
bed). If so, pressure avoids the discontinuity, allowing



Skalni hrib byvd tvoren tenkou nohou chrdnénou
mohutnéjsim a pevnéjsim kloboukem. Jak ale maize
vzniknout tak perfektné vyvdzeny skalni utvar? Proc se
béhem vyvoje nezfiti? Erozi zde opét fidi tlak. Jak eroze
postupuje z urcité strany rychleji k téZisti vznikajiciho
hribu, masa hfibu se mirné na tuto stranu nakldani
a tim stlacuje materidl na nejvice erodované strané,
coZ zpomaluje erozi. HFib je ve vysledku proto erodo-
vdn z rliznych stran rovnomeérné.

Skalni brany, skalni hfiby a jiné utvary v piskovcich
tedy nevznikaji jako pouha ndhodna hficka okol-
nosti. Naopak jsou vytvareny zakonitou souhrou
mezi tlakovym polem v piskovci, které ovliviiu-
je treni mezi zrnky horniny, a eroznimi ciniteli,
které jsou tim uc¢innéjsi, ¢im je tlak a tedy i treni
nizsi. Pokusy ukazaly, ze nezélezi na typu zvétrani
¢i eroze. Mraz, solné zvétrani, tekouci voda, mohou
vytvofit stejny Utvar. Je to rozlozeni tlaku v horniné
dané puvodnim tvarem horniny a poruch v ni, co
fidi vysledny tvar.

Uzamceny pisek se tézi v piskovné Strelec
v Ceském raji a tvofi ¢asti nékterych skalnich mést,
napfi. Apoleny nedaleko hradu Trosky. V uzamce-
ném pisku byly v minulosti motykou vyhloubeny
velké podzemni chodby pfi tézbé kaolinu (Orty
u Ceskych Budéjovic a dnes zpfistupnéné podzem-
ni dobyvky u Neviené na Plzerisku). Pfekvapiva sta-
bilita téchto ru¢né kopanych prostor je dana pravé
zvlastnimi mechanickymi vlastnostmi uzaméeného
pisku. V. uzaméeném pisku byly hloubeny i jedny
z prvnich doll na svété, staroegyptské doly na méd’
v Udoli Timna nedaleko Ejlatu v Izraeli.

erosion to remove the weakly compressed sandstone
in its vicinity . A compressed arch is formed above the
discontinuity as a basis for the future rock arch. The
pressure arch actually becomes exhumed from the
rock by erosion.

Mushroom rocks consist of a narrow pillar protect-
ed by a more robust, harder head. What actual-
ly stands behind the origin of such a perfectly bal-
anced rock formation? What does it prevent from
collapsing during its evolution? In this case, erosion
is controlled by pressure again. As erosion proceeds
faster from a certain direction to the centre of gra-
vity of the emerging mushroom rock, the mass of
the mushroom rock slightly tilts into this direction,
thereby compressing material on the most rapidly
eroded side. This, in turn, slows down erosion. As
a result, the mushroom rock becomes eroded propor-
tionally from different sides.

Arches, mushroom rocks and other sandstone mo-
numents thus do not develop as a mere haphazard
freak of nature. To the contrary, they are shaped by
imperative interplay between the stress field in
sandstone, which controls friction among indi-
vidual grains in the rock, and erosion agents.
The effectiveness of erosion agents increases with
a decreasing pressure hence also a decreasing fric-
tion. As revealed by the experiments, this happens
regardless of the type of weathering or erosion.
Frost, salt weathering, or running water can all pro-
duce the same landform. The key to the resulting
geometry is the pressure, distribution, given by
the original shape of the rock and the presence of
fractures.

Locked sand is mined at the Strele¢ sand pit in
the Bohemian Paradise. It also forms parts of some
rock cities, such as Apolena near the Trosky Cas-
tle. Large underground corridors were hoe-dug in
locked sand during kaolin exploitation in the past
(Orty near Ceské Budéjovice, and underground
mines at Nevren near Plzert now open to the pub-
lic). It is the specific mechanical properties of locked
sand which explain the striking stability of these
manually excavated spaces. Locked sands also host
some of the earliest mines in the world: Ancient
Egyptian copper mines in the Timna Valley near
Eilat in Israel.

LZazracny” stiele¢sky piskovec: 1) vysledek experimentu: stabilni,piskovcové okénko” vzniklo samovolné ponofenim vodorovné
nafiznutého platku piskovce do vody (mf); 2) malé skalni arkady vzniklé samovolné oplachovanim plvodné hladké stény s horizontal-

ni vrstevnatosti; 3) skalni arkddky vzniklé na bfehu jezirka opakovanym zatdpénim vlivem kolisajici hladiny; 4) dokonala skalni branka
vznikla zaplavovanim skalniho vy¢nélku; 5) skalni brana v kyblu vytvorend zatopenim piskovcového kvadru podloZzeného pouze na dvou
koncich; 6) vyplavovy kuzel v,,nejvétsi pfirodni laboratofi na vyzkum piskovce” — lomu Strele¢ (mf)

“Miraculous” Stiele¢ sandstone: 1) result of an experiment: a stable “sandstone window"” was spontaneously formed by immersing

a horizontally incised sandstone slab into water (mf); 2) small arcades spontaneously formed by washing of a smooth, horizontally strati-
fied rock face; 3) arcades formed on a lakeshore by repeated flooding by water; 4) a perfect rock arch produced by repeated flooding
of a rock spur; 5) an arch in a bucket formed by immersion of a sandstone cube supported at two endpoints only; 6) an outwash fan

in the “largest natural laboratory for sandstone studies” - the Strele¢ Quarry (mf)



Krajina z PISKU zrozena

Ceskosaské Svycarsko (Labské piskovce) se fadi
mezi Uzemi, jejichz geologicka stavba je jednoznac-
né ur¢ovana piskovci. Stejné jako mnoho jinych pis-
kovcovych oblasti stfedni Evropy vdéci za svij vznik
mélkému mofi, které zalévalo oblast od Saska po
jizni Moravu po dobu asi deseti miliont let v druho-
horach, v obdobi svrchni kfidy (pfed cca 90 mil. let).
Kratce nato se pisek usazeny v pfibfezni zéné mof-
ské panve zménil na piskovec plsobenim tlaku
nadloznich souvrstvi a stmeleni kiemennych zrn ji-
nymi mineraly. Svym sloZzenim, mechanickou odol-
nosti, ale i nerovhomérnou intenzitou rozpukani
dnes kiemenné piskovce vyrazné ovliviuji tvainost
zemského povrchu.

Pozorny ndvstévnik nalezne pfi vyletech krajinou
Ceskosaského Svycarska nejenom pozustatky po
ukldddni pisku na plvodnim morském dné (zkame-
nélé Cefiny, vodorovné laminy ¢ci Sikmé zvrstveni)
a otisky druhohorniho Zivota (fosilie a ichnofosilie),
ale i roztodivné tvary povrchu, vzniklé postupnou
erozi a zvétrdvdnim piskovce, od drobnych vostin
zdobicich skalni stény, pres skalni okna, hojné previsy
az po monumentdlni piskovcové véze.

V mnoha ohledech se Ceskosaské Svycarsko po-
doba jinym regionlim piskovcovych skalnich mést.
Jeho vyjimecnost ale spociva ve velmi dynamickém
vyvoji reliéfu v mladsich tretihorach a ¢tvrtohorach,
predevsim v rychlém zahloubeni labského karionu.
Pravobrezni pfitoky Labe tak mnohdy prekonavaji
prevyseni nékolika set metr(. Vysledkem jsou sto-
metrové skalni srazy, jaké jinde v evropskych pis-
kovcich nenajdeme. Ty lemu;ji i samotny labsky ka-
non a na nescetnych vyhlidkovych bodech nabizeji
pozorovateli nezvyklou kombinaci piskovcového
a ficniho fenoménu. Vyznam piskovcl podtrhuje
jejich podil na utvareni krajinnych dominant sym-
bolizujicich tuto krajinu, jako je Pravcicka brdna
a Jetfichovické stény na Ceské, nebo stolova hora Li-
lienstein na saské strané. Ukazkové vyvinuté skalni
mésto reprezentuji Tiské stény. Jadrova cast Cesko-
saského Svycarska je chranéna jako preshraniéni
narodni park, jako maly kout divociny v zalidné-
ném srdci Evropy.

Landscape born of SAND

Bohemian-Saxonian Switzerland (Elbe Sandsto-
nes) is among the territories whose geological set-
ting is undoubtedly controlled by sandstone. Much
like many other sandstone regions in central Eu-
rope, it owes its origin to a shallow sea which spread
across the area between Saxony and southern Mo-
ravia for a period of about ten million years in the
Mesozoic Era, in the Late Cretaceous (some 90 milli-
on years ago). Loading by the overlying formations
and cementation of quartz grains by other minerals
turned all sand deposited in the nearshore zone of
the sea basin into sandstone shortly after its depo-
sition. In their composition, mechanical resistance
but also the irregular intensity of their fracturing,
quartzose sandstones now have a profound effect
on the shaping of land relief.

During their trips to the land of Bohemian-Saxonian
Switzerland, attentive visitors can find not only traces
after sand deposition on an ancient sea bottom (pe-
trified ripples, horizontal laminae or cross bedding)
and imprints of Mesozoic life (fossils and ichnofossils)
but also a variety of landforms generated by progres-
sive erosion and sandstone weathering. These land-
forms range from tiny honeycomb decorations on
cliff faces, across rock windows and numerous rock
shelters, to monumental sandstone pillars.

Bohemian-Saxonian Switzerland parallels other
areas of sandstone rock cities in many aspects.
What makes it unique, however, is the very dynamic
relief evolution in the Late Tertiary and Quaterna-
ry, especially the very rapid incision of the Elbe Ri-
ver canyon. Right tributaries of the Elbe River must
therefore traverse an elevation difference of several
hundred metres. This creates cliff faces a hundred
metres high, unparalleled elsewhere in European
sandstones. Such cliffs line the Elbe River canyon
itself, providing the visitor with an extraordinary
combination of the sandstone phenomenon and
river phenomenon at a number of viewpoits. The
significance of sandstone is also underlined by its
contribution to the origin of landmarks symbolizing
this landscape, such as the Pravcickd brana Arch and
Jetfichovické stény Cliffs on the Czech side or Lilien-
stein table mountain on the Saxonian side. Tiské
stény Cliffs are a perfect example of a rock city.



1) Pohled ze Stfibrnych stén na stolové hory v Sasku; 2) vostiny na
Kridelnich sténdach; 3) prozeleznéni piskovce; 4) cefiny v pisku na
dné potoka Jetfichovicka Bélg; 5) detail zavéseni vrapence malého
na piskovcové sténé; 6) plidek lososa obecného; 7) schranky
chrostikd v fece Kamenici; 8) zkamenélé cefiny pod previsem;

9) larva mravkolva vyuzivajici dalky v pisku k lovu mravencd;

10) Tetievi stény; 11) skalni dutina v Tiskych sténach (vs)




Pravéicka bréna, symbol Narodniho parku Ceské Svycarsko (vs) e C - . R - . ; : _
Prav¢icka brana Arch — a symbol of the Bohemian Switzerland National Park (vs) = : . E = ~ ) - = .




1) Vodni eroze modelujici piskovcovou krajinu sou¢asnosti, Pavlinino udoli (vs), 2) sikmé zvrstveni na skalni sténé (zv), 3) malé skalni hodiny
s vyraznou vodorovnou vrstevnatosti piskovce, labsky karon (vs); 4) mnoho podob piskovce v Ceském Svycarsku (zv)
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