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Abstrakt. V priebehu podrobného geologického mapovania a vy-
skumu regionu Oravskej Magury sa v Hrustine a jeho okoli zistili
primarne aj sekundarne vyskyty vacsich pieskovcovych sféroid-
nych konkrécii (gul’), ktoré sa dosial’ nespominaju v odbornej ani
popularnej literatire. Bolo evidovanych 58 ,,gal™ alebo ich Casti
s priemerom od 30 do 220 cm. Mensie su zvycajne pravidelne
gul'até. Pri vacsich prevlada splosteny gulovity az vajcovity tvar.
Ciel'om bolo zistit’ o najviac vyskytov, zameranie ich presnej
GPS lokalizacie, fotodokumentacia a struény opis tvaru a umiest-
nenia. Primarne vyskyty ,,gul* sa viazu na Specificky litotyp
prevazne strednozrnnych, viac kremitych drobovych pieskovcov
v starSej, starooligocénnej Casti malcovského stvrstvia. Gene-
ticky ide o pieskovcové konkrécie, ktoré vznikli preferen¢nou
cementaciou po sedimentacii hlbokomorskych piescitych gravi-
tacnych pridov pocas uvodnej fazy diagenézy sedimentu, ale este
pred jeho uplnou litifikaciou. V zavere su struc¢ne diskutované
podmienky vzniku konkrécii, porovnanie s podobnymi vyskytmi
konkrécii na Slovensku, v okolitych krajinach a na viac nez 60
svetovych lokalitach, ale aj potencial na geoturistiku a nutnost’
ochrany lokality.
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Abstract. Primary and secondary occurrences of larger sandstone
spheroidal concretions (balls), which are not yet mentioned in pro-
fessional or popular literature, were found in Hrustin village (Slo-
vakia) and its surroundings during of detailed geological mapping
and research of the Oravska Magura region. 58 spheres, or parts
of them, with diameters ranging from 30 to 220 cm were recorded.
The smaller ones are usually regularly round. The flattened sphe-
roidal to ovoid shape prevailed in the larger ones. The aim was to
locate as many occurrences as possible, specify their exact GPS
location, photo-documentation, and a brief description of their
shape and location. The primary occurrences of the spheres are
related to a specific lithotype of predominantly medium-grained
quartz-greywacky sandstones in the early Oligocene part of the
Malcov Formation. Originally, spheres are sandstone concretions
that were formed by preferential cementation after sedimenta-
tion of deep-sea sandy gravity currents during the initial phase
of sediment diagenesis, but prior to its complete lithification. The
conditions of concretion formation, comparison with similar oc-
currences of spheres in Slovakia, neighbouring countries, as well

as more than 60 world locations and the potential for geotourism
and the need for discovery sites protection are briefly discussed in
the conclusion.

Key words: sandstone concretions, diagenesis, Magura Nappe,
Flysch Belt, geotourism

Uvod

Z viacerych lokalit na Slovensku st zname vyskyty sfé-
rickych pieskovcovych konkrécii, no len vo vynimo¢nych
pripadoch st o nich zmienky aj v odbornej literattre. Po-
¢as geologického mapovania regionu Biela Orava (Tet'dk
et al., 2016a) bol v Hrustine na Orave pozorovany vyskyt
sféroidnych utvarov, no nebola im venovana d’alsia pozor-
nost’. Pieskovcové ,,gule” z Hrustina spominaji Potfaj et
al. (1981) len vo fotografickej prilohe jedinou fotografiou
(obr. 1). Potfaj (1983) a Potfaj et al. (1991) ich vyskyt v re-
gione neuvadzaju. M. Potfaj vSak uz v minulosti upozornil
na ich vyskyt v oblasti Hrustina. Pocas terénnych prac pri
geologickom mapovani regionu Oravska Magura v rokoch
2021 a 2022 boli okrem sekundarnych vyskytov v intravi-
lane Hrustina overené viaceré primarne vyskyty gulovitého
zvetravania pieskovcov malcovského suvrstvia krynickej
jednotky, ¢o viedlo k podrobnejSiemu spracovaniu tohto
fenoménu.

Popularizacia geologie a edukdcia verejnosti Casto
viazne na rozdielnosti objektov zaujmu verejnosti a geo-
logov. Dobrym prikladom st vyskyty sférickych pieskov-
covych utvarov. V pripade pokusov o odborné vysvetlenie
ich vzniku laickou verejnostou dochadza v lepSom pripa-
de len k zamienaniu si pojmov ako konkrécie, septariové
konkrécie, hl'uzy, obrnené zavalky, sféroidné zvetravanie,
vulkanické bomby, dinosaurie vajcia, antropogénny povod
a podobne. Prilezitost’ou na spracovanie témy vyskytu a fo-
riem vacsich sférickych pieskovecovych konkrécii bolo geo-
logické mapovanie Oravskej Magury.

Zamerom prace bolo vyhl'adanie a dokumentacia pokial’
mozno vSetkych pieskovcovych ,,gil* z okolia Hrustina so
zaznamenanim ich rozmerov, charakteru vyskytu (primar-
ny vs. sekundarny), pozicie (pevna ¢ize spojend s mater-
skou horninou alebo vol'nd), opis tvaru, fotodokumentacia



Geologické prace, Spravy 140

a lokalizacia vyskytu (suradnice WGS84). Dalsim cielom
je zmapovanie vyskytov vacsich sférickych konkrécii na
Slovensku aj celosvetovo so zretelom na ich lokalizaciu
a genézu.

Podrla Krista a Krivého (1985) konkrécie st zaoblené
sekundarne utvary, ktoré vznikaju vnutri sedimentu ukla-
danim mineralnych latok, v naSom pripade uhli¢itanu va-
penatého, okolo urcitého centra/jadra. Konkrécie sa tvoria
sekundarne po sedimentacii pocas diagenézy, ale este pred
uplnou litifikaciou. Ich vznik je va¢Sinou podporovany re-
dukénym prostredim. Na rast konkrécii vplyva intenzita
a priebeh chemickych reakcii a prisun latok tvoriacich kon-
krécie. Litifikacia sa moze $irit’ homogénne v celej hornine,
alebo moze byt sustredena v lokalnych Castiach.

Pocas diagenézy sa v sedimente vplyvom zvyskovej
vody rozpustaju vapnité zlozky sedimentu a nastava migra-
cia roztoku obohateného vapnikom do okolia. Konkrécie
su najcastejsie vysledkom vyzrazania uhli¢itanov, prevaz-
ne kalcitu, menej dolomitu a sideritu, hoci ich mézu tvorit’
aj iné mineraly vratane pyritu, fosfatov, sadrovca, apatitu,
oxidov zeleza a oxidu kremicitého. Recentne vznikaju aj
synsedimentarne manganové konkrécie (Stow, 2010).

Konkrécie rastil vyzrazanim mineralnych latok medzi
zrnami v hostitel'skej hornine od centra do okolia, ale su
pripady, ked’ cementacia postupuje od povrchu konkrécie
smerom dovnutra. Konkrécie sa zvyc€ajne tvoria uz na za-
¢iatku diagenetickej premeny horniny, ¢asto uz po prekryti
nickol’kymi metrami sedimentu. Tak sa m6zu zachovat’ jej
primarne sedimentarne $truktiry a textury, ako su lamina-
cia, bioturbacia a mékké casti fosilie, ktoré nie je mozné
vidiet v okolitej hornine (Saleh et al., 2023). Dochadza
k tomu preto, lebo konkrécie sa zvyCajne zacinaju vytva-
rat’ pomerne skoro, este predtym, ako zhutnenie sedimentu
a d’al$ie procesy narusia jeho povodné Struktury (Middle-
ton et al., 2003; Bridge a Demicco, 2008; Stow, 2010).

Kukal (1986) k definicii pridava podmienku, ze kon-
krécia ma odlisné zlozenie ako jej okolie, priCom vsak
nemoézeme presne urcit, aky musi byt’ tento rozdiel. Isté
je len to, ze hranica musi byt ostrd. Mnohé konkrécie st
v Cerstvom sedimente nerozoznatelné. Prejavia sa az pri
zvetravani. Na povrchu moézu byt odlacené od okolitého
sedimentu $karou, ale nie je to podmienka.

Na vznik konkrécie v sedimente je nevyhnutna pri-
tomnost’ primdrnej nehomogenity/mikroprostredia, ktoré
sa moze lisit obsahom kyslika, oxidu uhli¢itého, pH ¢i
Eh. Téato inhomogenita sa nazyva jadro. Mdze ju tvorit
bioklast, mékka cast’ organizmu, ¢innost’ mikroorganizmov
¢i mikrokonkrécia (Yoshida et al., 2018, 2020). Castejsie
st konkrécie bez pozorovatelného jadra. Tvoria sa pozdiz
urcitych horizontov alebo v konkrétnych vrstvach, ¢o po-
ukazuje na miesto, v ktorom bolo dosiahnuté presytenie
roztokov v poroch. Predizené konkrécie mozu reprezento-
vat’ inhomogenitu v smere pohybu roztokov v sedimente
(Tucker, 2001).

Pri vzniku konkrécii je rozhodujica diftizia idnov
v okoli ,jadra“. Pri konkréciach stmelenych CaCO, bola
preukazana takmer konStantnd koncentracia Ca naprie¢
konkréciou. Vyrazny pokles obsahu Ca sa v3ak ukazuje na
okraji konkrécie. Tato ostra hranica sa vytvorila v tenkej

vrstve v Celnej Casti diftiznej reakcie. CaCO, sa vyzraza
v désledku reakcie medzi anionmi HCO®*, kde uhlik po-
chadza z rozkladu organickej hmoty v ,,jadre®, a katidonmi
Ca*, povodom z morskej vody a sedimentu. Podl'a tohto
modelu sa tvorba konkrécie za¢ina kratko po pochovani
jadra“ tesne pod morskym dnom. Postupnym uvolnova-
nim HCO?%* z organickej hmoty v ,,jadre” sa okolo neho
vytvara reduk¢né prostredie. Reakciou HCO®* s i6nmi Ca?*
dochéadza k vyzrdzaniu CaCO, medzi zrnami sedimentu
a konkrécia rastie smerom von. Proces rastu pokracuje, az
kym v konkrécii nezostane takmer ziadny uhlik organické-
ho povodu. Tvorba konkrécie sa potom zastavi. Skimanim
difuzneho transportu rozpustenych latok v sedimentoch bol
urceny Cas potrebny na rast aj velkych konkrécii na nie-
kol’ko mesiacov, respektive niekol’ko rokov. Preukazalo sa,
ze ostra reak¢éna hranica sa vyvinie iba vtedy, ked’ dojde
k difuzii v kombinacii s vel'mi rychlym zrazanim uhlici-
tanovych mineralov v kratkom ¢asovom rozsahu uz pocas
vel'mi skorej diagenézy (Yoshida et al., 2018, 2020).

Casto sa opakuje otdzka: Pre¢o sa konkrécie vytvorili
na tomto mieste/sedimente a v tomto konkrétnom tvare?
Niekedy je odpoved’ jasnd, napriklad pri pritomnosti jadra
vo forme organickej schranky ¢i intraklastu. V ostatnych
pripadoch su mozné len vSeobecné vysvetlenia. Otazka
implicitne predpoklada, Ze nie¢o v hostitel'skom sedimente
sposobilo, ze podmienky su na jednom mieste vhodné a na
inom nie (Seilacher, 2001; Collinson et al., 2006). Rovnako
je to aj v oblasti Hrustina, kde sa sférické konkrécie viazu
vylucne na $pecificky litotyp pieskovca. V stvrstvi vystu-
puje este niekol’ko d’alsich podobnych litotypov pieskov-
cov tvoriacich masivne hrubé vrstvy (kremity pieskovec
s glaukonitom, hrubozrnny arkézovy pieskovec, drobovy
pieskovec magurského typu a kremenno-karbonatovy pies-
kovec), no ani v jednom tvorba konkrécii nebola pozorova-
na. Zjavne sa viaze na litotyp a nie na suvrstvie ako také.
Rovnako v ,,guliach” nebola pozorovana pritomnost’ jadier,
aj ked’ pozorovani rezov stredovou cast'ou konkrécie bolo
vel'mi malo.

Specifickym pripadom st septariové konkrécie. Ich
typickym znakom su radidlne alebo zlozito usporiadané
praskliny vnutri konkrécie, zvycajne vyplnené kalcitom,
zriedkavejsie aj barytom. Pre ich vyskyt je charakteristické
prostredie slienov bohatych na uhli¢itany. Jednou z moz-
nosti ich vzniku je, ze dehydratacia spdsobi stvrdnutie
povrchu konkrécie a zaroven vyvola zmrs$tovanie jej vnu-
tornej hmoty, az kym nepopraska (Boles et al., 1985; Jack-
son, 2005; Molina a Reolid, 2024). Zacinaju sa tvorit uz pri
hibke pochovania sedimentu menej nez 10 m. Septiariové
pukliny zuzujiice sa smerom von naznacuju, Ze sa vytvori-
li, ked’ boli konkrécie eSte v plastickom stave, ale uz boli
dostato¢ne stmelené, aby boli odolné proti kompakcii se-
dimentu (Paxton et al., 2021; Wetzel a Bojanowski, 2022).

V pripade ,,gil* z oblasti Hrustina ide jednoznacne
0 pieskovcoveé konkrécie. Tvori ich makroskopicky homo-
génny sediment zhodny s okolitou horninou, od ktorej su
oddelené Skarou. Neboli pozorované intraklasty, laminacia,
ani horizont vécsich zfn prechadzajici konkréciou, ako
je to mozné vidiet’ na znamej lokalite Megonky na Kysu-
ciach. Za naznak laminacie, alebo skor misovitych Struktar
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po tniku vody, mozno povazovat’ v niekol’kych pripadoch
pozorované rozpukanie ,,gul* v smere vrstvovitosti. Stu-
pen litifikdcie ,,gul* a materskej horniny je porovnatelny,
aj ked’ st naznaky, ze ,,gule” podliehaji zvetravaniu menej
nez materskd hornina. Pre absenciu uvedenych Struktur-
nych znakov nevieme urc€it’, v ktorej faze diagenézy kon-
krécie vznikali. Urcité pravidlo bolo pozorované vo vzt'ahu
tvaru konkrécie k materskej vrstve. Plati, ze dlhs§i rozmer
konkrécie je rovnobezny s vrstvou. Pred-
poklada sa, ze dlha os konkrécie je orien-
tovana rovnobezne so smerom prudenia
roztokov a odraza nehomogénne rozlozenie
chemickych vlastnosti prostredia (Tucker,
2001; Middleton et al., 2003; Collinson et
al., 20006).

Obr. 1. Potfaj et al. (1981) uvadzaju, ze pies-
kovcové ,,gule” pochadzaju z hrubsich pieskov-
covych vrstiev, pravdepodobne z podmorskych
sklzov, a ze z Hrustinky st uz vyzbierané. Spo-
minaju vSak niekol’ko kusov z potoka Racova.

Fig. 1. Potfaj et al. (1981) state that the sandstone
balls come from thicker sandstone layers proba-
bly from submarine slump and that they have al-
ready been removed from the Hrustinka river, but
he mentions a few pieces from the Racova creek.

Sktimanu oblast’ Hrustina tvoria sedimentarne horniny
magurského prikrovu flySového pasma Vonkajsich Zapad-
nych Karpat (obr. 2). Magursky prikrov je tvoreny piatimi
tektonicko-litofacidlnymi jednotkami — jednotkou Siary,
racianskou, bystrickou, krynickou (oravskomagurskou)
a bielokarpatskou jednotkou. Uvedené jednotky tvoria
vrasovo-Supinovy systém magurského prikrovu, ktory je
z juhu nasunuty na Sikmu rampu europskej platformy spolu

==
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Studovana oblast (obr. 5)

dukliansky prikrov

4f) rhenodanubicka flySova zéna

a) grybéwska, b) predmagurska, ¢) porkulecka jednot-
ka magursky prikrov: 4a) jednotka Siary, 4b) racianska,
4c) bystricka, 4d) krynicka, 4e) bielokarpatska jednotka,
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Obr. 2. Schematicka geologicka mapa zapadnej Casti flySového pasma Zapadnych Karpat s lokalizaciou oblasti vyskumu.

Fig. 2. Schematic geological map of the Western part of the Carpathian Flysch Belt with localization of the studied area.
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so sliezskym prikrovom a d’al§imi externej$imi jednotka-
mi. Magursky prikrov tvoria hlbokomorské sedimentarne
sekvencie flySového charakteru prevazne paleogénneho,
menej mladokriedového veku (Polék et al., 2008; Tet'ak et
al., 2016a, b; Hok et al., 2019).

Malcovské suvrstvie

Vyskyt pieskovcovych ,,gtl* pri Hrustine sa viaZe na
vystupovanie malcovského sivrstvia krynickej jednotky.
St to najmladsie sedimenty krynickej jednotky magurské-
ho prikrovu flySového pasma (obr. 3). Malcovské vrstvy
definoval Swidzinski (1961) na vychodnom Slovensku.
V oblasti Oravy ako prvy vyclenil a podrobne opisal mal-
covské stuvrstvie Potfaj (1983). Neskor ho na Orave spraco-
vali Potfaj et al. (1991) a Tet'dk et al. (20164, b).

V ramci malcovského suvrstvia vo vSeobecnosti pre-
vladaju svetlosivé vapnité ilovce (malcovsky litotyp). Len
lokalne, v niekol'’kometrovych horizontoch, najmé v spod-
nej Casti suvrstvia, mézu dominovat’ vlozky kremenno-kar-
bonatovych a kremenno-drobovych pieskovcov. Wivarajl
horizonty hrubé do 10 m v odstupoch niekolko desiatok
metrov.

V suvrstvi sa vyskytuje niekolko litofacii. Okrem ty-
pickych sivych vapnitych ilovcov si to chaoticky zvrstvené
sklzové telesd pieskovcov, kalovecov az ilovcov, v men-
Sej miere pelosiderity a vzacne aj ¢ervené ilovce. Medzi
pieskovcami je mozné rozlisit' niekol’ko litotypov — jem-
nozrnné kremenno-karbonatové pieskovce, stredno- az
hrubozrnné drobové pieskovce magurského typu, kremen-
no-drobové pieskovce s vyskytom gulovitych konkrécii,
drobnozrnné arkozové
zlepence az pieskovcee,
kremité glaukonitové pies-
kovce a organodetritické
vapence.

Kremenno-drobové
pieskovce s vyskytom gu-
Povitych konkrécii tvoria
pravdepodobne jediny ho-
rizont v nizSej casti su-
vrstvia. Je to horizont
najmenej 10 vrstiev masiv-
nych pieskovcov hrubych
30 az 80 (max. 150) cm,
miestami  po  navetrani
S misovitymi stopami po
Uniku vody. Zriedka suU
slabsie litifikované. Su
vapnité, kremité, drobové,
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Obr. 3. Litostratigraficka
schéma krynickej jednotky na
Orave (upravené podl'a Tetak
et al., 2016b).

N Cervené ilovee Fig. 3. Lithostratigraphic

iloveeftenko vrstveny flyS  scheme of the Krynica Unit
o » ¢| drobové pieskovce at the Orava region (modified
O O O vyskyt pieskovcovych il after Tetak et al., 2016b).
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strednozrnné, zriedka jemno- az hrubozrnné. Odkryté su
len na niekolkych miestach v okoli Hrustina, identifiko-
vané aj na zaklade primarnych vyskytov pieskovcovych
,»gure.

Podobnym litotypom s drobové pieskovce magurské-
ho typu vystupujlice len v najnizsej Casti suvrstvia (napr.
v Hrustinke nad Vasilovom). St to typické masivne hrubo-
az strednozrnné drobové pieskovce tvoriace hrubé vrstvy.
Obsahuju muskovit, zuholnateni rastlinnt drvinu a mi-
sovité stopy po uniku vody. Gulovité konkrécie sa v nich
vSak nevytvorili.

Vrstvy pieskovcov st sprevadzané ilovcami, siltoveami
a slienovcami. St vyrazne vapnité a maju svetlé odtiene
najmd sivej, modrej, okrovej a menej aj hnedej farby. Hrab-
ka ich vrstiev je od par centimetrov do niekol'ko metrov.
flovce maji za Eerstva masivnejsi rozpad a st svetlomodré,
no po navetrani maju typicky drobivy rozpad a svetlosivd
az modrastu farbu. Plynulo moézu prechadzat’ do hrubych
poloh pevnejsich masivnych tmavsich siltovych ilovcov az
siltovcov bystrického typu, ale aj do vrstiev tvrdych slie-
novcov hrubych niekolko desiatok centimetrov s ostrym
rozpadom a patinou, ktoré mézu byt’ v spodnej Casti jemne
laminované, siltové az piescité.

Chaoticky zvrstvené sklzové telesa tvoria vrstvy hrubé
od par cemtimetrov az vySe 6 m. Litologicky to st od bie-
lych, svetlookrovych a modrastych mékkych plastickych
ilov cez svetlé modrasté az hnedé maéksie silty po sivé
a hnedé, vel'mi zle vytriedené hrubozrnné pieskovce. Ich
spoloénym znakom je len minimalna litifikacia horniny
a masivne chaotické zvrstvenie. Bezne sa v nich vyskytuju
nepravidelne rozptylené intraklasty masivnych intrafor-
macnych pieskovcov alebo ilovcov vel'ké 5 az 50 cm.

Odhadovana hrubka suvrstvia je 450 az 660 m (Pot-
faj, 1983). Presnejsi odhad hrubky suvrstvia nie je mozny,
ked'ze je vyrazne tektonicky porusené a okrem potokov
bez odkryvov. Jeho vek je mladsi eocén az mladsi oligocén
(Potfaj et al., 1991), nie je vSak vylucené, ze sedimentacia
pokracovala az do starSiecho miocénu.

Suvrstvie je sedimentarnou vypliou mensich obmedze-
nych bazénov, navzajom prepojenych v obdobi vyrazne
ovplyvnenom tektonickou aktivitou zatvarajiceho sa ma-
gurského bazénu z juhu postupujicim orogénom. Preja-
vovalo sa to napriklad typickou sedimentaciou sklzovych
telies. Magursky bazén mal v tejto zaverecnej faze cha-
rakter zvySkového neseného ,,piggy-back bazénu (Golon-
ka a Waskowska-Oliwa, 2007; Tetdk et al., 2019).

Metodika

Vyskum vyskytu pieskovcovych ,,gul™ prebiehal v ram-
ci geologického mapovania regionu Oravska Magura, preto
boli oznacené ¢islom dokumentaéného bodu v poradi, ako
boli zaznamenané. V rovnakom poradi st zaradené aj v tej-
to praci. Pri usporiadani lokalit bol uprednostneny princip
menovania zo zapadu na vychod. Ich lokalizacia je uvede-
na v suradniciach systému WGS84 urcenych GPS meranim
v teréne a spresnenych pomocou mapy LIDAR. Presnost’
lokalizacie odhadujeme do 5 m. Mnohé ,,gule* bolo potreb-
né ocistit’ od hlin deluvia, naplavov a machu. Lokalizacia,
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opis a fotografie pri ,,guliach® z Hrustina zod-
povedaju stavu z roku 2022. Ked’ze mnohé
»gule st znacne zasypané alebo sa zachovali
len Ciasto¢ne, ich tvar a velkost’ boli odhadnuté
na zaklade viditel'nej Casti.

Primarnymi vyskytmi rozumieme vyskyty
na povodnej lokalite bez vacsieho premiestne-
nia ¢lovekom. ,,Gule* T536-1, T536-2, T536-3
a T985a povazujeme za primarny vyskyt, ked-
ze su na povodnej lokalite, hoci boli ¢lovekom
premiestnené na niekol'ko desiatok metrov. Za
primarny vyskyt povazujeme aj ,,gulu“, ktora
je volna, bez spojenia s materskou horninou,
a v ramci toku rieky/potoka ¢i deluvia nepredpo-
kladame jej premiestnenie na viac nez niekol’ko
desiatok metrov (napr. T587). V pripade pri-
marnych vyskytov rozliSujeme poziciu volnu,
teda premiestnent riekou, potokom alebo v de-
laviu, a pevnu, Cize polohu ,,gule” viditelne
v spojeni s materskou horninou (obr. 4). Za se-
kundarny vyskyt povazujeme vsetky ¢lovekom
premiestnené ,,gule” bez presného poznania
miesta ich pdvodu.

Dve ciasto¢ne zachované ,.gule” (T613-2,
T810-1) boli vzhl'adom na menSie rozmery a dostupnost’
lokality prevezené do Statneho geologického dstavu Dio-
nyza Stara v Bratislave s ciefom skiimania, popularizacie
vyskytu a prevencie pred odcudzenim po zverejneni.

Kvoli zvySeniu Sance zaznamenat aj ,,gule” verejne
nepristupné, umiestnené na sukromnych pozemkoch, boli
publikované predbezné informacie v obecnych novindch
(Tetak, 2022) a v aktudlne zostavovanej monografii obce
Hrustin. Tato aktivita vSak nepriniesla nové zistenia.

Kvoli vhodnej ochrane lokalit prebehla informacia
a komunikacia s pracovnikmi CHKO Horna Orava v Na-
mestove so zamerom buddcej propagacie a ochrany.

Vzhl'adom na skor sféroidny, elipsoidicky, vajcovity,
bochnikovity a nepravidelny tvar vacsej ¢asti konkrécii ter-
min ,,gul’a® nie je uplne korektny, no v praci sa pouziva
v morfologickom zmysle ako ,,sféroidny horninovy ttvar*
a zaroven v genetickom zmysle ako ,.konkrécia® vylu¢ne
kvoli zjednoduseniu Stylizacie textu.

O vyskyte sférickych horninovych tGtvarov vo svete je
vel'ké mnozstvo informacii, no o vaésine lokalit si dostupné
len informacie popularizacného charakteru bez seriozneho
geologického spracovania. Rovnaka situdcia je aj pri ,,gu-
liach® na Kysuciach. Internetové zdroje tohto typu necitu-
jeme. Preto je zoznam lokalit sice rozsiahly, no niekedy bez
geologickych detailov a moznosti citovania relevantnych
zdrojov. Pri véa¢sine svetovych vyskytov gulovitych kon-
krécii uvadzame WGS84 lokalizaciu s moznostou dohla-
dania fotografii na www.google.sk/maps prostrednictvom
sluzby Street View alebo pomocou nazvu lokality.

Vysledky

V priebehu geologického mapovania Oravskej Magu-
ry sa zistili dve oblasti vyskytu pieskovcovych konkrécii.

s

e

Obr. 4. Mierne splostena pieskovcova ,,gul’a® na svojom primarnom vyskyte
overena v roku 2000 (lokalita T860).

Fig. 4. Slightly flattened sandstone sphere at its primary occurrence verified
in 2000 (location T860).

Prioritne bol spracovany pocetnejsi vyskyt v SirSej oblasti
Hrustina v horninach krynickej jednotky flySového pasma,
kde je v buducnosti pravdepodobné objavenie d’alSich ku-
sov. Sekundarne bol spracovany aj menej pocetny vyskyt
septariovych konkrécii v lome pri Podbieli v sliefioch brad-
lového pasma.

V Hrustine a jeho okoli sa zistilo viacero primarnych
a sekundarnych vyskytov pieskovcovych ,,gal*. Ich cha-
rakteristika sa na kazdej z nich mierne 1isi. Uz v roku 2000
pri stikromnej obhliadke koryta Hrustinky v 'avom bre-
hu rieky sa zistil vyskyt mierne sploStenej pieskovcovej
»gule® (obr. 4). Jej presnu lokalizaciu nie je mozné doda-
tocne presne urcit’, ked’ze v roku 2022 nebola pozorovana
(T860 — obr. 5, 6). Pieskovcova ,,gula” sa nachadzala na
svojej primarnej lokalite, ked’ze v spodnej Casti bola spoje-
na s horninou materskej pieskovcovej vrstvy.

V intravilane Hrustina sa popri ceste a v zadhradkach na-
chéadza 23 ,,gtil* na sekundarnom vyskyte. Takmer vsetky
st na ulici Radzovka a Crchl’a. Len jedna ,,gul'a® je v Hrus-
tine v Casti Zamost a jedna v Babine vychodne od kostola.
Dve su pri stkromnej chate. Dalsich 30 je stale na primar-
nych vyskytoch v okoli Hrustina. Celkovo je zatial’ zdoku-
mentovanych 58 pieskovcovych ,,gal* (obr. 7), z ktorych
o0 jednej nie je zname, kde sa v sucasnosti nachadza.

»Qule® tvori prevazne strednozrnny, zriedka jem-
nozrnny alebo hrubozrnny vapnity, viac kremity drobovy
pieskovec. Zlepencova frakcia nebola pozorovana. Maju
priemer od 30 do 220 cm. MenSie maju zvycajne pravidel-
ny gulovity tvar. Pri va¢Sich prevlada splosteny elipsovity
az vajcovity tvar. Vo viacerych pripadoch je zachovana len
cast’,,gule”. Ich povrch je zvycajne hladky a pravidelny.

V pripadoch zachovania kontaktu ,,gule” s materskou
horninou byva ,,gula® vzdy oddelend Skarou. Aj ked
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z pozorovani, ze ,,gule” st odolnejSie proti zvetravaniu,
mozno nepriamo usudzovat’, ze su lepsie litifikované, ma-
kroskopicky nebol pozorovany rozdiel v zlozeni ani stupni
litifikacie ,,gule a materskej horniny.

V ,,guliach® neboli pozorované koncentrické ani ra-
dialne pukliny ¢i rozpad, ktoré by pripominali septario-
vé konkrécie. Nezistilo sa ani cudzorodé jadro, ktoré by
mohlo byt spiistacom vzniku konkrécie. V prospech tohto
druhého tvrdenia vSak nie je dostatoéne vela pozorovani
rezov stredom ,,gule®.

Primdrne lokality

Na lokalite v Hrustinke pod strelnicou (T536, obr. 6B)
sa vyskytuje 11 ,,gal*. ,,Gule* su stredne velké, menej je
mensich. Dosahuju priemer 30 az 80 cm. Maju gulovity
tvar, menej aj vajcovity. Vyskytuje sa tu aj ,,dvojgul’a®, je-
dina pozorovana v tejto oblasti. Maju hladky povrch. Podla
vzhl'adu je pravdepodobné, ze viésina ,,gul™ na sekundar-
nom vyskyte v obci by mohla pochadzat z tejto alebo po-
dobnej lokality.

e primarny vyskyt é
e sekundarny vyskyt

o priblizny vyskyt z r. 2000
1 km

V koryte Hrustinky pod druzstvom sa nasla jedina
»gula® (T587, obr. 6A) s priemerom 80 cm. Je podobna
»guliam™ z predchadzajucej lokality. Vystupovanie poten-
cialnych materskych hornin v jej blizkosti sa nezistilo.

V Hrustinke pod ihriskom nad Gstim Dielnického po-
toka (T612, T613, obr. 6C) je lokalita s odkryvmi hrubych
vrstiev pieskovcov sprevadzanych Siestimi ,,gulami®. St
sice hladké a pravidelné, ale st prili§ velké na premiest-
nenie (75 — 130 cm), preto nepredpokladame, Ze by tato
lokalita bola vyznamnej$im zdrojom ,,gul** v obci.

Druhy najvacsi primarny vyskyt tvoria dve blizko pri
sebe leziace lokality vychodne od sedla Prislop (obr. 6D).
Podl'a podobného vzhladu pritomnych ,,gul* je mozné
usudzovat, ze navzajom suvisia. Prva je v rokline (T554)
a tvoria ju dve ,,gule”. Jedna je nezvycajne pravidelna,
splostena, hladka (70 x110 cm) a druhé rozpukana a neisto
urcena. Druha lokalita je v potoku na SV (T686 az T690).
Na dizke asi 350 m sa nachadza 8 ,gul*. Mensie ,,gule” st
skor pravidelne gul'até, vel'ké, s rozmermi az 60 x 220 cm,
st ploché az vajcovité. Maju hladky povrch.

Obr. 5. Mapa okolia Hrustina s vyzna¢enim priméarnych a sekundarnych lokalit vyskytu pieskovcovych ,,gal* (mapovy podklad: GKU
— https://zbgis.skgeodesy.sk/mkzbgis/sk/zakladna-mapa).

Fig. 5. Map of the surroundings of Hrustin village with the marking of the primary and secondary locations of sandstone spheres occur-
rence (based on map: GKU — https://zbgis.skgeodesy.sk/mkzbgis/sk/zakladna-mapa).
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Sekunddrne lokality

Velku Cast’ ,,gul™ (24) v minulosti premiestnili obyvate-
lia Hrustina a umiestnili v obci popri ceste (T691 az T702,
obr. 6A). Ked’Ze v minulosti neboli mechanizmy schopné
prenasat’ tazké objekty, tieto ,,gule” maji skor mensie roz-
mery (30 az 80 cm). Maji prevazne pravidelny gulovity
tvar, no cast’ z nich je nepravidelnd, zrejme poskodena.

Dalsie dve ,,gule” vajcovitého tvaru su pri chate juzne
od strelnice (T702, obr. 6B).

Jedna ,,gul’a® je aj v Babine pri hlavnej ceste 60 m vy-
chodne od kostola (T648, obr. 5).

Diskusia

Uéel a vyusitie

Obdobie, ked’ boli ,,gule* umiestiiované v dedine, nie je
zname. Pravdepodobne to bolo skor nez zaciatkom 20. sto-
rocia. ,,Gule mali okrem estetického vyznamu aj praktic-
ky vyznam. V Hrustine boli v minulosti tri ulice — Crchrla,
Radzovka a Dedina. Prvé dve sluzili ako vstup do dediny
v lete pri zvazani sena a v zime pri stahovani dreva a prave
na tychto uliciach sa nachadza vicsina ,,gal™ (obr. 6A, 8).
Chrénili rohy bran alebo domov pred poSkodenim od vozov

e primarny vyskyt
e sekundarny vyskyt
o priblizny vyskyt z r. 2000 |

Obr. 6. Presna lokalizacia pieskovcovych ,,gal* s rozliSenim primarnych a sekundarnych vyskytov (mapovym podkladom je mapa
relié¢fu LIDAR DMR 5.0: GKU — https://zbgis.skgeodesy.sk/mkzbgis/sk/teren).
Fig. 6. Accurate localization of sandstone spheres with distinction among primary and secondary occurrences (based on LIDAR DMR

5.0 relief map: GKU — https://zbgis.skgeodesy.sk/mkzbgis/sk/teren).
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38 5 ' A S
T536-2 30 x45cm sekundar.
49,311 541°, 19,309 338°

premiestnena elipsovita
deformovana / roh chaty €. 954

T536-3 45cm  sekundar.

49,311 604°, 19,309 297°
premiestnena / roh chaty ¢. 954

T536-1 80cm  sekundar.

49,311 486°, 19,309 429°

pravidelna premiestnena,
v travniku chaty ¢. 954

T536-4 45 x 80 cm primar. volna || T536-5 70cm primar. pevna || T536-6 50 x 70 cm primar. pevna
49,311 906°, 19,309 397° 49,311 651°, 19,309 538° 49,311 627°, 19,309 593°
dvojgula / lavy breh pravidelna, mierne elipsovita elipsovita polgula
/ ponorena v koryte

T536-7 60cm primar. pevna pe

49,311 599°, 19,309 612° 49,311 599°, 19,309 612° 49,311 599°, 19,309 612°
pravidelna gula pravidelna gula polgula zbrsena riekou

T536-10 60 cm primar. pevna || T536-11 45cm primar. pevna || T554-1 70 x 110 cm primar. volna
49,311 599°, 19,309 513° 49,311 599°, 19,309 513° 49,301 283°, 19,366 247°

pravidelna gula, pravidelna gul'a / v koryte pravidelna elipsovita gula
mierne obrisena

10
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L5 TN

80cm primar. volna || T612-1 90cm primar. volna

49,301 283°, 19,366 247° 49,318 101°, 19,336 944° 49,331 692°, 19,363 116°
nepravidelna, mierne pravidelna gula / v koryte vyrazne obrisena riekou
elipsovita, puknuta [ pravy breh

T612-2 100 x 130 cm primar. volna?| T612-3 80 cm primar. pevna?| T612-4 75cm primar. pevna
49,331 714°, 19,363 139° 49,331 785°, 19,363 24° 49,331 723°, 19,363 149°
polovica elipsovita / lavy breh pravidelna prasknuta gula / pravidelna gula, trochu obita /

lavy breh koryto

T613-1 130 cm primar. pevna?| T613-2 80cm primar. pevna | T648 65cm  sekundar.

49,332 1437, 19,364 159° 49,332 127°, 19,364 121° 49,331 715°, 19,381 662°
pravidelna gula / koryto 1/5 gule pravidelna / pravidelna gul'a

(prenesena do SGUDS) premiestnena, v travniku

< e S el ey o A A
686-1 140 x 170 cm primar. volna|| T686-2 130 cm primar. pevna || T686-3 60 x 220 cm primar. volna
49,307 939°, 19,376 826° 49,307 939°, 19,376 826° 49,307 939°, 19,376 826°
mierne elipsovita pravidelna gula elipsovita puknuta

11
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T687-1 90 x 110 cm primar. volna || T687-2 130 cm primar. volna || T689-1 90cm primar. pevna
49,307 561°, 19,376 265° 49,307 561°, 19,376 265° 49,306 856°, 19,375 436°
mierne elipsovita 1/5 gule vajcovita

.:. e, 4

T689-2 70cm primar. volna?|| T690 160 cm primar. volna || T691-1 30 cm sekundér
49,306 775°, 19,375 297° 49,306 312°, 19,374 698° 49,324 519°, 19,346 967°
pravidelna gula mierne sploStena nepravidelna gula

/ dom €. 312

S

T691-2 70cm sekundar. T691-3 80cm sekundar. T692 80cm sekundar.
49,324 495°, 19,346 92° 49,324 45°, 19,346 848° 49,325 017°, 19,347 748°
pravidelna gula pravidelna gula mierne elipsovita gula

/ dom €. 312 / dom €. 312 / dom €. 490

T693-1 60cm sekundar. T693-2 50cm sekundar. T694 40 cm  sekundar.

49,327 973°, 19,343 149° 49,327 998°, 19,343 07° 49,328 311°, 19,341 496°
pravidelna prasknuta poskodena mierne nepravidelna gula mierne obrusena riekou
gula / dom &. 591 / dom 6. 591 / dom &. 554

12
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T695 60cm  sekundar. T696 80c sekundar. T697-1 40cm  sekundar.

49,328 38°, 19,340 793° 49,328 428°, 19,339 677° 49,327 789°, 19,343 675°

vidno len kusok, mierne pravidelna gula, v beténe mierne elipsovita, nelplna
nepravidelna / dom ¢. 582 / dom ¢&. 577 / dom &. 543

P L

™ vl . b - — oA

T697-2 60cm sekundar. T698-1 75cm sekundar. T698-2 50cm sekundar.

49,327 737°, 19,343 793° 49,327 21°, 19,343 875° 49,327 273°, 19,343 694°
vidno len éast pod murikom, v beténe, pravidelna, iba polovica, pravidelna gula
pravidelna / dom €. 597 mierne obita / dom &. 505 / dom &. 538

Fe

T699-1 70cm  sekundar. T699-2 80cm  sekundar. T699-3 60cm  sekundar.
49,323 454°, 19,345 142° 49,323 238°, 19,344 984° 49,323 037°, 19,344 731°
pravidelna gula pravidelna gula obita gula
/ dom €. 326 / dom €. 458 / dom €. 327

> e o=

T699-4 40cm sekundar. T700 60cm  sekundar. T701-1 50cm  sekundar.
49,323 054°, 19,344 748° 49,322 629°, 19,344 658° 49,321 95°, 19,343 304°
pravidelna gula mierne splostena gula mierne obrisena
/ dom &. 327 / dom &. 350 / neisty povod?

13
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¥

T701-2 50cm  sekundar. T701-3 50cm  sekundar. T701-4 60c sekundar.
49,321 904°, 19,343 263° 49,321 904°, 19,343 263° 49,322 006°, 19,343 220°
mierne obrusena silno poskodena, neuplna pravidelna / dom €. 445

sekundar. T702-2 40 x 50 x 80 cm sekundar.|| T703  50(70) cm sekundar.

T702-1 70 cm

49,305 537°, 19,307 685° 49,305 537°, 19,307 685° 49,321 914°, 19,348 715°
nepravidelna / vyrazne elipsovita, olupuje sa sCasti nepravidelna

obrusena riekou, pri chate / obrisena riekou, pri chate

T810-1 40 x 40 x 70 cm primar. volna|| T810-2 40 x 55 cm primar. volna || T860 40 x 60 cm prim. pevna

49,347 217°, 19,393 645° 49,347 206°, 19,393 804° priblizne 49,320 94°, 19,344 38°
vajcovita / v potoku, 1/2, vajcovita, na 3 €asti, nerovny || mierne plocha gula, v Hrustinke,

nerovny povrch / v potoku povrch / v potoku (v SGUDS) v siéasnosti nepotvrdena

Obr. 7. Fotodokumentacia vSetkych znamych pieskovcovych
,»gul* z okolia Hrustina s uvedenim oznacenia, rozmerov
(priemer), vyskytu (primarny/sekundarny), pozicie (pevna,
tzn. spojena s materskou horninou/vol'na), lokalizacie vyskytu
(stiradnice WGS84), opis tvaru a poznamka k vyskytu podla
stavu z roku 2022.

Fig. 7. Photodocumentation of all known sandstone spheres
i > 4 from the vicinity of the Hrustin village with indication of de-
sekundar. signation, size (diameter), occurrence (primary/secondary),

T861 80 cm

5 ™ position (connected to parent rock/loose), location (WGS84
49,324 750°, 19,348 115 coordinates), shape description and note on occurrence as of
mierne vajcovita / 2022.

Hrustin — denny stacionar

14
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alebo tahan¢ho dreva (smrekovej gul'atiny). Podobny ucel
plnili kamenné stipiky v mestach pri vstupnych branach
nazyvané odrazniky. Pri viacerych ,,guliach“ v obci mozno
predpokladat’, Ze ich nepravidelny tvar spdsobilo prave po-
Skodenie spominanou ¢innostou. Postupnym budovanim
spevnenych ciest boli ,,gule* zasypané a z mnohych dnes
vycnieva len mala Cast’.

Do stcasnosti sa viaceré z ,,gul™ stratili, pripadne z nich
vidiet’ spod murikov alebo asfaltu len malu ¢ast’. Ich Gcel je
v stcasnosti ¢isto dekorativny a obyvatelia ich umiestiuju
do zahradiek alebo k chatam (obr. 7 —1, 2, 3, 52, 53).

. T

Obr. 8. Tri pieskovcové ,,gule” umiestnené pri ceste v Hrustine (T691a,
b, c, obr. 7).
Fig. 8. Three sandstone spheres located by the road in Hrustin (T691a, b,
c, Fig. 7).

{»/Budapest

Potencial na geoturistiku

Podla vzoru vyskytov pieskovcovych ,,gal* na Kysu-
ciach, ale aj z inych lokalit mimo uzemie Slovenska mozno
predpokladat’, ze fenomén pieskovcovych ,,gal** z Hrusti-
na ma vyrazny potencial stat’ sa geoturistickou atrakciou
nielen lokalneho vyznamu. V sucasnosti st koncentra-
cia a zachovanie ,,gul™ v obci a na primarnych lokalitach
dostatoéné a vhodné na vytvorenie naué¢nych chodnikov
doplnenych ndu¢nymi tabulami. Geoturisticky potencial
narasta v suvislosti s blizkostou d’alSej lokality v Podbie-
li. Propagéacia tohto geologického javu v spojeni
s nutnou a vhodnou ochranou ma potencial zvysit
povedomie verejnosti o geologii a zaujem o nu.

Ochrana

Podla prikladu propagacie pieskovcovych
»gul* na Kysuciach po 80. rokoch 20. storoCia
mozno predpokladat’, ze po popularizacii ,,gul™
v Hrustine hrozi podobny scenar, teda ze najmi
mens$ie a dostupnejsie ,,gule” obyvatelia z pri-
marnych a verejnych lokalit odcudzia a umiestnia
k stikromnym domom a chatam. Evidenciou ,,gal™,
spolupracou so samospravou, s CHKO Horna Ora-
va a pracou na uvedomelosti obyvatel'stva by bolo
mozné tomuto negativnemu trendu zabranit’ alebo
ho aspon obmedzit’.

20 km © lokality

—

EHS

20°E

1 - Hrustin, 2 - Podbiel, 3 - Zazriva, 4 - Novot, 5 — kysucké gule, 6 — hradistské stvrstvie. 7 — Bezuchov, Sisma, 8 - Ol$any, 9 - Kosarovce,
10 - Ruska Bystra a Strihovce, 11 — Zelmanovce, 12 - brusnianske gule, 13 — Liptovsky Ondrej, 14 — Mrazovce, 15 — Rabka, 16 — Lipovany

Obr. 9. Lokality vyskytu sférickych horninovych titvarov na Slovensku a v blizkom okoli.

Fig. 9. Locations of occurrence of spherical rock formations in Slovakia and its vicinity.
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Dalsie vyskyty sférickych horninovych iitvarov

Na Slovensku a v blizkom okoli sa zistilo viacero loka-
lit vyskytu sférickych horninovych ttvarov s roznou tekto-
nickou a stratigrafickou prislusnost'ou a ré6znym pévodom
(obr. 9).

Zapadne od Podbiela v doline potoka Podbielsky Cic-
kov (49,304 516°; 19,468 797°) sa v rokoch 2002 az 2022
realizovala tazba kameniva. Pocas tazby sa objavovali
sféroidné horninové utvary. Zachované boli vd’aka Jozefo-
vi Krupovi, ktory ich premiestnil do ned’alekého Podbie-
la (obr. 10). Vsetkych 18 znamych kusov je podla stavu
z roku 2024 v sekundarnej pozicii, aj ked’ sedem ,,gul* je
pri lome pod cestou na brehu potoka na lokalite priméarneho
vyskytu (49,303 697°; 19,466 425°). Dalsich pit’ je v Pod-
bieli: tri su pri Penzione Lipa (49,305 924°; 19,482 551°)
a polovica ,,gule” je pri dome ¢. 404 (49,306 075°; 19,481
948°) (49,306 169°; 19,476 415°). Pat’ kusov je pri chate
jv. od Podbiela (49,288 321°; 19,516 292°). Tu sa nachadza
aj nickol’ko mensich kusov z rozpadnutych ,,gil*, na kto-
rych je mozné pozorovat’ ich vnitornu septariova stavbu

(obr. 10). Litologicky ich tvoria sivé piescité slienovce,
ktoré mozu byt miestami Skvrnité. Tvarovo je mozné roz-
delit’ ,,gule” do dvoch skupin. 15 je vyrazne sploStenych,
hladkych, sivej farby. Tri sa liSia svojim hrdzavohnedym
sfarbenim, skor vretenovitym tvarom, a najmé horizon-
talnym zvrstvenim. Rozmery ,,gtl* st od 35 x 65 cm do
70 x 90 x 160 cm. Pri ,,guliach”, ktoré st rozpadnuté, je
vidite'na Struktira typicka pre septariové konkrécie, Cize
radialne a axialne pukliny vyplnené kalcitom. Kalcit nie-
ktoré pukliny Uplne nevyplnil a si pozorované jeho krysta-
ly velké az 2 cm.

Okrem Hrustina a Podbiela bola na Orave pozorovana
jedna mierne splostend pieskovcova ,,gul'a® s priemerom
70 cm v Zazrivej v ¢asti Koncita (49,291 510°; 19,159 234°)
v pieskovcoch flySového obalu bradiel bradlového pasma
pravdepodobne albsko-cenomanského veku (lokalita B28
v exkurznom sprievodcovi Plasienka et al., 2021; obr. 11;
info. O. Pelech).

Stéricky (elipsoidicky, bochnikovity) rozpad maju na
viacerych lokalitach flySového pasma masivne vapnité

T985d 100cm  sekundar. || T985g

49,305 944°, 19,482 481°
laminovana

pri penzioéne Lipa

60 x 80 x 140 cm sekundar.
49,288 352°, 19,516 134°

bochnikovita
pri chate

T985] 35x65cm sekundar.
49,288 352°, 19,516 134°

splostena, septariova Struktira
pri chate

Obr. 10. Priklady septariovych konkrécii z bradlového pasma pri Podbieli.

Fig. 10. Examples of septarian concretions from the Klippen Belt near Podbiel.
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Obr. 11. Gulovité zvetravanie pieskovca
v Zazrivej (49,291 510°; 19,159 234°).
Pravdepodobne ide o konkréciu (foto
O. Pelech).

Fig. 11. Spheroidal weathering of sandsto-
ne in Zazriva (49.291 510°; 19.159 234°).
This is probably a concretion (photo
O. Pelech).
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siltové ilovce, najmé ilovce bystrického typu zlinskeho st-
vrstvia (napr. v lome s. od Novote; obr. 12; Tetak et al.,
2016b).

Fenomén sférickych pieskovcovych atvarov v tvare
»gul™ je v oblasti flySového pasma Zapadnych Karpat zna-
my najmi z tzkeho pasu v severnej Casti Kysuc s presa-
hom na zépad na Moravu a na vychod do Pol'ska. Celkovo
viac nez 60 ,,gul* s priemerom 17 az 260 cm v pieskov-
coch az drobnozrnnych zlepencoch je stale mozné najst
na primarnych i sekundarnych lokalitich. Najvyznam-
nejSou lokalitou je lom Megonky v Cadci, miestnej Gasti
Milosova (49,496 864°; 18,722 499°), po tom, ako v roku
1988 otvorili v lome tazbu kamena na speviiovanie bre-
hov a ciest. Prirodzené odkryvy st aj v Klokoc¢ovskom
skali (49,472 549°; 18,618 256°), v potokoch v Kloko¢ove
(obr. 13A), ale aj prenesené ,,gule” v samotnom Klokoco-
ve, umiestnené pri ceste (napr. 49,451 635°; 18,571 691°;

Obr. 12. Elipsoidicky (bochnikovity) roz-
pad masivnych vapnitych siltovych ilov-
cov bystrického typu bystrickych vrstiev
v lome severne od Novote (49,435 661°;
19,234 062°) (dizka elipsoidu je 120 cm).

Fig. 12. Ellipsoidal disintegration of mas-
sive Bystrica type mudstones of Bystri-
ca Mb. in the quarry north of the Novot’
village (49.435 661°; 19.234 062°) (the
length of the ellipsoid is 120 cm).

Obr. 13. A. Mierne plocha ,,gul’a* z potoka Kornica v KlokoCove (49,455 832°; 18,558 987°) zo zbierky Prirodovedeckej fakulty UK

Bizubovd, 2008). Znaénu cast’ z primarnych vyskytov
casom l'udia odviezli a v mnohych pripadoch slizia ako
dekoracia v zahradach (obr. 13B). Ich vyskyt sa viaze vy-
hradne na horizont hrubozrnnych ci¢zkowickych pieskov-
cov podmenilitového sdvrstvia sliezskeho prikrovu veku
mladsi paleocén az stars$i eocén (Potfaj et al., 2002, 2003).
,»Qule®, podobne ako ,,gule” z Hrustina, su konkrecional-
neho pévodu, vytvorené v procese litifikacie sedimentarne;j
horniny. Nasvedcuje tomu napriklad zlepencovy horizont
bez preruSenia prechadzajici ,,gulami® aj okolitou hor-
ninou pritomny vo viacerych ,,guliach® a tiez lamindcia.
Mnohé maju odlupujicu sa ,,Skrupinu®.

Uvedenad linia s vyskytom kamennych ,,gal* pokracu-
je z Kystic do Ceskej republiky na vychod na lokality cez
Motyc¢anku, Mosty u Jablunkova (stary lom 49,510 234°;
18,747 986°), Navsi (pri ceste 49,594 724°; 18,749 301°)
a Bukovec d’alej do Pol'ska na Zywiec. T4 ista geologicka

v Bratislave (priemer 30 cm). B. Pieskovcova ,,gul'a” (elipsoid) vystavena v centre Dubnice nad Vahom (48,957 974°; 18,171 575°).
Hrubozrnny pieskovec, na povrchu s tektonickymi zrkadlami, pochadza pravdepodobne z oblasti Kysuc (rozmer 80 x 130 cm).

Fig. 13. A. A slightly flattened sphere from the Kornica stream in Klokocov (49.455 832°; 18.558 987°) from the collection of the
Faculty of Natural Sciences of the Comenius University in Bratislava (diameter 30 cm). B. Sandstone sphere (ellipsoid) exposed in the
center of Dubnica nad Vahom (48.957 974°; 18.171 575°). Coarse-grained sandstone on the surface with slickensides probably comes

from the Kysuce region (80 x 130 cm).
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Struktara/linia pokracuje z Kystc aj na zépad na Mora-
vu, napr. splostené ,,gule* do 3 m st v starom lome Vid-
Ce (49,435 666°; 18,095 514°). Dalej na zapad, uz vsak
v inych geologickych jednotkach, su ,,gule” s priemerom
do 80 cm v kulmskych drobach starSieho karbénu Drahan-
skej vrchoviny a Nizkeho Jesenika a karpatu kroméfizske-
ho stvrstvia v karpatskej predhlbni (v pieskovni Bezuchov,
Sima a Olsany; Bubik et al., 2019) a zrejme ,,gule” antro-
pogénneho pdvodu vo vzdialenejsej Karlovej Vsi v oblasti
Kitivoklatu. Karbonatové a pyritovo-karbonatové konkrécie
sa vyskytuju v oblasti Barrandiénu pri Prahe, napr. v or-
dovickych bridliciach klabavského sUvrstvia (Geopark
Barrandien: 49,962 993°; 14,072 961°; Geologicka zahra-
da: 50,091 737°; 14,574 824°). Inym prikladom konkrécii
z uzemia Ceskej republiky st pelosideritové konkrécie.
Vyskytujl sa najmé vo vrchnej ¢asti hradistského stivrstvia
sliezskeho prikrovu flySového pasma, kde su Sosovkovité
konkrécie pelosideritov vel'mi hojné v tmavosivych, sla-
bo vapnitych ilovcoch. V minulosti sa t'azili a dopomohli
tak k vzniku hutnickeho priemyslu na Ostravsku (napr.
49,665 588°; 18,760 741°; Roth et al., 1962).

Dalsie, skor ojedinelé vyskyty gulovitych konkrécii st
opisované z viacerych lokalit krynickej jednotky magur-
ského prikrovu na vychodnom Slovensku. Gulovité kon-
krécie s priemerom az 70 cm vyvetravaju zo steny lomu
Kosarovce z hrubsich vrstiev slabsie litifikovanych pies-
kovcov strihovského savrstvia (Zec et al., 2011). Podobné
su,,gule* s priemerom do 50 cm z lokality Diel medzi Rus-
kou Bystrou a Hrabovou Roztokou a zo Strihoviec (Lesko,
1960; Lesko et al., 1964; Lesko a Samuel, 1968; Zec et al.,
2005a, b; Zec et al., 2011) a ,,gule s priemerom do 70 cm
severne a juzne od Strednej hory, doliny zapadne od Zel-
manoviec (Kovacik et al., 2012).

Okrem flySového pasma Zapadnych Karpat s kamenné
»gule® zname z pieskovcov vnutrokarpatského paleogénu
z oblasti Malej Causy a Chrenovca-Brusna (Kovacik et
al., 2015, obr. 3.4 — 16). Takzvané ,,brusnianske gule vy-
vetravaju zo slabo spevnenych pieskovcov so SoSovkami
parazlepencov chrenoveckych vrstiev s vekom kiScel az
eger. Z petrografického hl'adiska zodpovedaju vapnitym
subarkozam. Konkrécie st gulovitého az elipsoidického
tvaru s priemerom 10 cm az 2 m (obr. 14). Vécsina ,,gul™
sa nachadza v miestnom lome (48,773 926°; 18,720 450°)
a v jeho blizkosti.

Pri ceste medzi Liptovskym Ondrejom a Benadiko-
vou sa nachadza nenapadnd lokalita s niekolkymi vacsi-
mi bochnikovitymi kamenmi (49,087 38°; 19,699 14°).
V roku 1977 bola lokalita vyhlasena za prirodnt pamiatku
Haje. Podl'a Grossa (1977), Grossa et al. (1980) a Misika
a Rehakovej (2004) tu boli ,,gule” az bochnikovité pelo-
karbonatové utvary do dvojmetrovej vel'kosti, v niektorych
pripadoch boli oblepené obliakmi. Polovica jednej z nich,
v jadre s obrnenym zavalkom, je vystavend v areali SGUDS
v Bratislave (obr. 15). Gul'ovité Utvary sa nachadzaju ako
sucast’ obliakového materialu v podmorskom zosuvnom
telese vnutrokarpatskych paleogénnych sedimentov. Pod-
morsky zosuv sa vrezal do stredno- az vrchnopriabonskeho
flySového podlozia. Geneticky sa lisia od ,,gul* od Hrus-
tina. Su to zavalky a obrnené zavalky. Ich vznik mozno
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lepsie pochopit’ na recentnom priklade z Mrazoviec (Bona
et al., 2005), kde vo fluvidlnom prostredi vznikli pocas pri-
valového dazd’a obrnené zavalky gulovitého tvaru s prie-
merom 4 az 32 cm.

Obr. 14. Brusnianska ,,gul’a®, konkrécia z pieskovcov chrenovec-
kych vrstiev vnutrokarpatského paleogénu z oblasti Malej Causy
(priemer 20 cm, zo zbierky SGUDS v Bratislave).

Fig. 14. Brusno sphere, a concretion from the sandstones of the
Chrenovec Mb. of the Inner Carpathian Paleogene from the area
of Mal4 Causa (diameter 20 cm, from the collection of SGUDS
in Bratislava).

Podobny sposob vzniku, ako maju sférické utva-
ry od Liptovského Ondreja, maju aj gulovité az vre-
tenovité pieskovcové telesd nachadzané v pase medzi
Rdzawkou a Rokicinami Podhalanskymi v Pol'skych
Karpatoch. Vznikli ako olistolity jemnozrnnych vapni-
tych pieskovcov v olistostréme v rdmci strednoeocénnych
maszkowickych pieskovcovych vrstiev (ekv. oravskove-
selskych vrstiev) bystrickej jednotky magurského prikro-
vu (49,580 603°; 19,887 706°) (Cieszkowski et al., 2009,
informacia M. Cieszkowski). V oblasti vyskytu sa vyuzi-
vali ako dekorativne prvky, napr. pri vchodoch do starych
drevenych kostolov s vysekanou prehibeninou na svitent
vodu v Rabke Zdroj a Pigtkowej Gore, ako aj na namesti
Raby Wyznej (obr. 16).

Parcialna litifikacia pieskovcov vo forme vacsich sfé-
rickych konkrécii nepravidelného bochnikovitého, ale aj
gulovitého tvaru stmelenych vapnitym tmelom sa bezne
vyvinula v neogénnych pieskoch. Asi najznamejSou lokali-
tou je pieskovia v Lipovanoch (48,214 170°; 19,709 228°)
s typovou lokalitou spodnoegenburskych lipovianskych
pieskovcov. Pieskovna je od roku 1990 vyhlasena za pri-
rodnt pamiatku. Sférické konkrécie dosahuju priemer 5 az
50 cm (obr. 17). Pieskovce obsahuju v hojnom mnozstve
ulomky médkkysov. Su to sedimenty plytkého morského
Selfu (Vass et al., 1992).

Podobné pieskovcové konkrécie sa vyvinuli aj v mla-
doegenburskych rie¢no-jazernych tachtianskych pieskov-
coch stvrstvia Bukovinky d’armotskych vrstiev na juznom
Slovensku, v podobnych vrchnobadenskych pieskovcoch
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Obr. 15. A. Polovica ,,gule” s priemer 110 cm od Liptovského Ondreja, vystavena v aredli SGUDS v Bratislave (48,166 318°;

17,078 678°). B. Na lome ,,gule* vidiet’ vel’ky zvetrany intraklast s nalepenymi va¢simi klastami a dva mensie intraklasty.

Fig. 15. A. Half of a sphere with a diameter of 110 cm from Liptovsky Ondrej, exhibited in the SGIDS complex in Bratislava
(48.166 318°; 17.078 678°). B. A large weathered intraclast with attached clasts and two smaller intraclasts can be seen on the fracture
surface of the sphere.

Obr. 16. Dekorativne vyuZitie sférickych blokov z olistostromy: A. pri vchode do dreveného kostola v Rabke Zdroj s vysekanou pre-
hlbeninou na svitent vodu (49,611 394°; 19,946 891°) (foto M. Cieszkowski); B. ndmestie v Rabe Wyznej (49,564 005°; 19,878 003°)
(foto M. Cieszkowski).

Fig. 16. Decorative use of spherical blocks of olisthostrome: A. at the entrance to the wooden church in Rabka Zdr6j with a hollow
carved out for holy water (49.611 394°; 19.946 891°) (photo M. Cieszkowski); B. square in Raba Wyzna (49.564 005°; 19.878 003°)

(photo M. Cieszkowski).

sandberskych vrstiev (Devinska Kobyla) a v prietrzskych
vrstvach karpatského veku vychodne od Senice (Tet'dk,
2017).

V terciérnych sedimentoch Mosteckej panvy a Soko-
lovskej panvy v Ceskej republike (obr. 18) sa miestami
vyskytuji velmi pravidelné gulovité utvary velkosti od
niekol’kych milimetrov do dvoch decimetrov. Zndme su
ako ,,vrSanské a bilinské koule* (50,493 6°; 13,532 01°
a 50,570 438°; 13,723 959°), popularne najmé medzi ezo-
terikmi, ktori im pripisuju liecivé uc€inky. Ide o mierne zo-
nalne konkrécie pyritu a markazitu vznikajtice v piescitych
sedimentoch (Zimék et al., 1992; Bartos et al., 1996).

Pieskovcovym konkréciam z neogénnych sedimentov
Slovenska st vzhl'adom a geneticky podobné pieskovcové

konkrécie rozmanitych tvarov stmelené kalcitom v Talian-
sku, napr. v oblasti Bolone (rezervacia Contrafforte Plio-
cenico), tzv. botroidi alebo cogoli. Vyskytuja sa v r6znych
syntektonickych sedimentoch eocénneho az pliocénneho
veku (Cibin et al., 1993). Vépnik v nich pochadza z klastov
vapencov a zo schranok mikkySov a foraminifer. Mensie
konkrécie sa zvetravanim dostavaju na povrch v stovkach
kusov a maji rozmanité zoomorfné a antropomorfné tvary,
¢o v 'ud’och v minulosti prebudzalo zdujem a fantaziu. Su
vystavené v Museo dei Botroidi di Luigi Fantini v dedine
Tazzola, Specidlne venovanom botroidom (44,333 889°;
11,381 771°). Podobné avantgardné sochy pripominajice
konkrécie zname ako ,,gogotte” vyvetravaju z vrchnooli-
gocénnych kremitych pieskovcov Fontainebleau v okoli
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Fontainebleau vo Francuzsku (Thiry, 1999; Thiry et al.,
2013).

Asi najvyznamnejSim vyskytom pieskovcovych kon-
krécii v Eurdpe st Boules de Rosans z Francuzska z lokality
Serre d’Autruy pri Saint-André-de-Rosans v Hautes Alpes
(44,381 142°; 5,526 987° a 44,377 5398°; 5,520 312 5°),
ale napr. aj zo Saint-Etienne-les-Orgues (44,028 071°;
5,758 682°). Vicsie mnozstvo konkrécii gul'ovitého tvaru
s priemerom okolo jedného metra sa vyskytuje v glauko-
nitovych pieskovcoch ulozenych z gravitacnych pradov

stav v roku 2018); B. ,,gula® z Lipovian v zbierke SGUDS.

Obr. 17. A. Parciélna sférickd litifikacia neogénnych pieskovcov v pieskovni v Lipovanoch (48,214 170°; 19,709 228°) (foto P. Ondrus,

vo vokontskom bazéne. Vrstvy pieskovcov tvoria vlozky
v monoténnych sliefiovcoch Blue Marls Formation albské-
ho veku (Thomas, 2016; Ferry, 2017).

Velké, takmer sférické, karbonatom stmelené pieskov-
cové konkrécie sa vyskytujii na pobrezi juzného Anglicka
vychodne od Osmington Mills (50,632 349°; —2,369 787°).
Skora litifikacia pomohla zachovat’ charakteristické Sikmé
zvrstvenie pieskovea. Konkrécie obsahuje horizont Bencliff
Grit stvrstvia Corallian Formation zastipeny sedimentmi
intertidalnej zony oxfordského veku (Sellwood et al., 1990).

[

Fig. 17. A. Partial spherical lithification of Neogene sandstones in the abandoned Lipovany sandpit (48.214 170°; 19.709 228°) (photo
P. Ondrus, state in 2018); B. sphere from Lipovany in the collection of SGIDS.

Obr. 18. Vyber zo svetovych vyskytov sférickych horninovych ttvarov.

Fig. 18. A sample of the world’s spherical rock formations occurrences.
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Vacsie septariové konkrécie vystupuja na viacerych lokali-
tach Anglicka, napr. v strednojurskych (bat) ilovcoch riec-
no-deltového povodu suvrstvia Scalby Fm. Long Nab Mb.
v okoli Burniston Bay pri Scarborough (Slater et al., 2017;
priblizne 54,327 458°; —0,420 135°).

Decimetrové az viac ako 2 m vel'ké pieskovcové vaj-
covité konkrécie stmelené kalcitom sa nachadzaju aj na
Skotskom ostrove Eigg (56,922 811°; —6,158 168°) a Sky
(Valtos — priblizne 57,607 613°; —6,170 388°) v stred-
nojurskych (bat) estuariovych pieskovcoch Valtos Sst. Fm.
(Wilkinson, 1993, 2006; Hudson et al., 2023; Paxton et al.,
2023).

Z Eurbpy si zndme najma kamenné gule z Bosny.
Na mnohych lokalitach sa tu vyskytuje celkovo niekol’ko
desiatok ,,gul*. Ich najvicsia koncentracia s viac ako 20
»gulami® s vel'mi pravidelnym gulatym tvarom je v oko-
li mesta Zavidovici (44,454 625°; 18,175 121°). Dosahujt
priemer az do 2,5 m. Desiatky ,,g0l* v minulosti v Bosne
znicili miestni obyvatelia kvdli povere o zlate v ich strede.

Niekol'ko pieskovcovych ,,gul* sa naslo aj v severo-
vychodnom Chorvatsku pri meste Ludbreg (vystavené su
v parku: 46,251 033°; 16,618 748°). Vznikli ako konkrécie
v pieskoch sedimentujticich v Panonskom jazere pred 11
milionmi rokov (Banak et al., 2019).

V Rumunsku sa na viacerych lokalitdich vyskytuju
pieskovcové konkrécie stmelené uhli¢itanom vapenatym.
Ich miestny nazov je ,,rovanti. Viyvinuli sa v miocénnych
(panonskych) pieskoch v predpoli Karpat. Najznamej-
Sie miesta ich vyskytu st Costesti (45,137 650°; 24,068
821°), Breaza (45,159 921°; 25,662 199°), Ulmet (Ba-
bele de la Ulmet, Bozioru) (45,368 566°; 26,464 624°),
ale aj dalSie, napr. Odaile (45,384 224°; 26.522157°),
Cozieni (45,353 32°; 26,500 802°), Sibiu (45,790 725°;
24,314 937°) a Onesti (46,278 193°; 26,799 933°). Vy-
skytuji sa v nodularnych, gulovitych, elipsoidnych ¢i
diskovych tvaroch s rozmermi od par centimetrov az do
nickol’ko metrov. Zaujimavostou je, Zze z konkrécii dlhsi
Cas vystavenych dazd’u sa vylu€uje cement a na povrchu sa
objavuji malé vyrastky, ktoré miestni obyvatelia nazyvaju
rastice kamene®. Na viacerych lokalitich su vybudované
muzed a naucné chodniky.

Gulovitym konkréciam z HruStina st podobné vy-
skyty z mnohych dalSich svetovych lokalit. Pocetnostou,
vel'kostou, zachovanim a tvarom je svetovo asi najvy-
raznejSia lokalita v zdpadnom Kazachstane (angl. Ball
valley, rus. /Joruna wapos, kaz. [llapnap anzapwi; naj-
méa 44,322 593°; 51,599 454°, v obliku minimalne od
44,275 889°; 51,520 079° do 44,295 435°; 51,838 955°).
Na pusti sa na ploche niekol’ko stvorcovych kilometrov na-
chadzaju az tisice velkych pieskovcovych konkrécii paleo-
génneho veku s priemerom bezne 1,5 az 3 m (Dieterich et
al., 2015, s. 85). Na mnohych konkréciach je zrete'na lami-
nacia sedimentu alebo sa z ich povrchu odlupuje Skrupina.

V oblasti Ruska je evidovanych viacero mensich vy-
skytov vécsich sférickych konkrécii, no bez dostupného
podrobnejSieho geologického vyskumu. V starej pieskov-
ni pri Zukovlyane v Kirovskej oblasti sa v permskych

pieskovcoch vyskytujl Zhukoviyanskie Boulders (XKy-
KoBystHCKHe Banyner) (58,304 497°; 48,014 239°). Dalsie
pieskovcové konkrécie si v rokline pri dedine Jasauce
(Slmayue) v Tatarskej republike, zname ako Staroveké
balvany (IpeBnue Bamynsi) (54,927 005°; 51,472 229°).
Niekolko sférickych zelezitych pieskovcovych, nieke-
dy dutych konkrécii tzv. Volgograd balls sa vyskytu-
je v rokline pri dedine Mokraja Olchovka (50,499 475°;
44,977 463°). Dalsie vyskyty su v Celensku (Argunska
roklina) a v Dagestane.

Podobna lokalita rozkladajuca sa na pusti je pri jazere
El Faiyum v Egypte (29,502 136°; 30,551 416°). Stovky
velkych gulovitych konkrécii vyvetravaju z hrubozrnnych,
Sikmo laminovanych pieskovcov morského pdévodu si-
vrstvia Birket Qarun priabonskeho veku (Seiffert et al.,
2008; Kusky et al., 2011; Abdel-Fattah, 2016; Al-Dhwadi
a Sallam, 2019). Rozmanité, zatial’ blizSie nepreskiimané
konkrécie Valley of the Planets sa uvadzaja z Libyjskej pts-
te vychodne od Ghatu (priblizne 25,176 435°; 10,821 453°).

Dalsie velmi pravidelne tvarované hladké gule si
zname zo Zeme Frantiska Jozefa. Gule z ostrova Champ
su vacsich rozmerov a dosahuji aj vySe 2 m. Na sused-
nom ostrove Heiss sa vyskytuje mnozstvo mensich ,,gul™
s priemerom len niekol’ko centimetrov. Gule tvori piesko-
vec a povodom su to konkrécie. Konkrécie s priemerom
5 az 30 cm sa bezne vyskytuji v morskej sekvencii tma-
vého prachovca bohatej na uhlik s tenkymi pieskovcovymi
vrstvami suvrstvia Carolinefjellet kriedového (aptsko-alb-
ského) veku na pobrezi Kapp Morton na Spicbergoch (Kra-
jewski a Luks, 2003; 77,789 555°; 14,896 808°).

Na vychodnom pobrezi Gronska v jurskych sedimen-
toch vystupuje niekol’ko horizontov so sférickymi kon-
kréciami (Surlyk et al., 2021). Dokonale tvarované gule sa
vyskytuju aj na severozapadnom pobrezi Kanady od lokalit
Paulatuk a Pond Inlet po Coral Harbour. P6vodom st to tiez
pieskovcové konkrécie, napriklad aj v Kettle Point na brehu
Huroénskeho jazera (43,212 465°; —82,022 755°) v devon-
skom Kettle Point Formation (Bingham-Koslowski, 2015).
V Alberte v Kanade (49,654 221°; —110,863 859°) zvetra-
vaju zo sivych bridlic Bearpaw Formation kampanskeho
veku desiatky pieskovcovych konkrécii Red Rock Coulee
velkych 1,5 az 2,5 m (Tsujita, 1995). Jedny z najvacsich
konkrécii vobec vytvaraju kaskady Grand Rapids na ricke
Athabasca v Alberte (Kanada; 56,326 422°;-112,612211°).
Vo vel’kom mnozstve vyvetravaju z kriedovych (albskych)
morskych pieskovcov facii nearshore az upper shoreface
suvrstvia Grand Rapids (Kramers, 1982). Konkrécie na-
zyvané Thunder Egg velké od 10 do 40 cm vyvetravaju
z piesku, ktory vznikol ako jazerno-riena naplavenina
toku vytekajuceho z ustupujuceho l'adovca po poslednej
l'adovej dobe zapadne od Haines Junction (Yukon, Kanada)
(60,789 419°; —137,762 681°).

Vicsie pieskovcové konkrécie sa objavuju v oblas-
ti od Newton po White county v Arkansase. Oznacuju
sa Prim Rocks (napr. ako dekoracie pri domoch v Prim:
35,694 471°; 92,112 632° a 35,694 622°; —92,108 768°
a 35,688 272°; —92,108 416°). Konkrécie sa vyskytuju vo
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viacerych Urovniach pieskovcov ako Middle Bloyd Sst.
Bloyd Fm. a Prairie Grove Mb. Hale Fm. karbonskeho
(pensylvanskeho) veku. Sedimentovali v deltovom prostre-
di (Hanson a Howard, 2005).

Obrovské gulovité konkrécie (niektoré s priemerom
takmer 6 m) sa vyskytuji na dvoch lokalitach v stred-
nom Kansase v korytovych fluvidlnych albsko-ceno-
manskych pieskovcoch suvrstvia Dakota Formation.
Konkrécie vytvarajuce v Rock City Park mensie kamenné
mesto (39,090 853°; 97,735 455°). Zaujimavé st svoji-
mi rozmermi a vyraznym Sikmym zvrstvenim pieskovcov
(McBride a Milliken, 2006).

Turisticky vyhladavana lokalita velkych konkrécii
v pieskovcoch je Cannonball Concretions v Severnej Da-
kote (Theodore Roosevelt National Park, 47,596 326°;
—103,331 989°). Dalie velké, prevazne septariové kon-
krécie s velkostou v priemere 2 cm az 6 m vyvetravaju
z vapnitych Selfovych pieskovcov Frontier Sst. z Frontier
Fm. a Ferron Sst. z Mancus Fm. cenomanského az turdn-
skeho veku (Wyoming a Utah) ulozenych v strednej kriede
(McBride et al., 2003).

Sférické konkrécie z Ohia dosahuji priemer od par
centimetrov az do vySe 3 m. Zvetravaju z tmavosivych az
¢iernych bridlic (Ohio Shale) devonskeho veku. MenSie st
pravidelne gul'até, vicsie su splostené az diskovité. Tvori
ich karbonat, vapenec alebo dolomit. M6zu mat’ vyvinuté aj
septariové praskliny vyplnené kalcitom a barytom. V jadre
konkrécii byvaju organické tlomky, zvycajne kosti ryb.
Wyskytuju sa jednotlivo aj v desiatkach kusov na mnohych
miestach, vacSinou v riekach v Ohiu (napr. 39,573 179°;
—83.126 264°; Hansen, 1994). Vicsie konkrécie je mozné
najst’ aj v dalsich oblastiach, napr. v ilovcovo-vapencovom
Fort Payne Fm. veku spodny misisip (Kentucky a Ten-
nessee — 36,799 667°; —85,382 961°), v glaukonitovych
pieskoch spodnoeocénneho Bashi Fm. (Mississippi — Meri-
diad — 32,347 554°; —88,710 888°), v devonskych slienioch
Geneseo Fm. (New York — 42,540 157°; —76,525 781°;
Wilson a Schieber, 2015) a vo vrchnokriedovych plazo-
vych a bariérovych pieskovcoch Eagle Fm. (Montana
— Billings — 45,797 425°; —108,486 195° a 45,799 888°;
—108,478 431°; Shelton, 1965).

Stovky pieskovcovych konkrécii velkych asi 30 az
100 cm st aj na pusti v Pumpkin Patch (Tekvicovy za-
hon) v Anza Borrego Desert State Park na juhu Kalifornie
(37,683 3°; 111,366 7°).

Skupina mensich pieskovcovych konkrécii z triasového
stvrstvia Ischigualasto je v parku Ischigualasto v Argenti-
ne (30,117 423°; 67,901 898°).

Inym typom konkrécii su zelezité konkrécie. Statisice
mensSich, len niekol’ko centimetrov velkych zelezito-pies-
kovcovych konkrécii Moqui Marbles (Navajo Marbles)
sa objavuje na mnohych miestach na juhovychode Utahu
po zvetravani pdvodom pustnych spodnojurskych pies-
kovcov suvrstvia Navajo (napr. Spencer Flat 37,671 819°;
—111,387 688°). Pieskovcové jadro je obalené tvrdsou Skru-
pinou z hematitu (Potter a Chan, 2011; Loope a Kettler,
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2019; Katsuta et al., 2023). Podobné Zzelezité konkrécie
s priemerom do 25 cm mozno najst’ aj v Zapadnych Karpa-
toch v kontinentalnych sedimentoch rétskeho veku toma-
novskych vrstiev tatrika. Sférosideritové konkrécie vznikli
v dosledku skorej diagenetickej precipitacie sideritu v sedi-
mentoch nasytenych vodou bohatych na organickdl hmotu
(Nejbert a Jurewicz, 2004).

Specifickym typom konkrécii su septariové kon-
krécie. Vystupuji napr. na Bowling Balls Beach na po-
brezi Atlantického oceanu v Kalifornii (38,872 263°;
—123,659 815°). Podobné gulovité septariové konkrécie
si zname z réznych miest, napr. na Novom Zélande
(Moeraki Boulders —45,345 448°;, 170,826 508°; Ka-
tiki Boulders —45,415 419°; 170,824 323°; Ward Beach
Boulders —41,841 891°; 174,188 045°; Koutu Boulders
—35,465 829°; 173,416 877°), kde sa vyskytuju pozdii
pobrezia aj vo vnutrozemi. Gule dosahuju vel'kost’ od 0,5
do 3 m. Vznikli ako septéariové konkrécie v makkom pa-
leocénnom bahnovci. Konkrécie su typicky rozpraskané
a vnutri slabsie litifikované nez na povrchu (Boles et al.,
1985; Thyne a Boles, 1989; Yoshida et al., 2020). Vo vnut-
rozemi Severného ostrova na Novom Zélande na lokalite
Whitecliffs Boulders (39,845 212°; 175,770 385°) sa na-
chadzaju desiatky pravidelne gulovitych pieskovcovych
konkrécii velkych 1 az 2 m. Su to pieskovcové konkrécie
(nie septariové) zvetravajuce z modrosivych neskorople-
istocénnych Selfovych siltovcov Mangaweka Mudstone
(Journeaux et al., 1996; Hayward, 2021).

Selektivne zvetravanie pestro sfarbenych klastickych
hornin bizarnych tvarov vratane konkrécii v aridnom pro-
stredi je mozné sledovat’ v oblasti Bisti Badlands v Novom
Mexiku (36,267 381°; —108,223 705°). Dalsie nepravi-
delne tvarované konkrécie vo vapnitych pieskovcoch su
lakadlom geoparku Yehliu na severnom pobrezi Taiwanu
(25,208 688°; 121,693 06°) (Cheol-Woong, 2014).

Na mnohych miestach po svete sa objavuji lokality
s vyskytom sférickych utvarov aj iného nez sedimentarne-
ho poévodu. Z mexického Las Piedras Bola (20,653 700°;
—104,057 346° a 20,657 542°; —104,062 610°) je znamych
74 ,,g0l** s priemerom od 1,2 do 7,8 m. Vznikli pri trans-
porte a tuhnuti terciérnych ryolitovych pyroklastickych
pradov (Girén a Avila, 2007).

Uplne inli genézu maju australske Karlu Karlu (De-
vils Marbles: —20,565 147°; 134,260 375°), ktoré vznikli
sféroidickym podpovrchovym a povrchovym zvetravanim
granitov (Twidale a Vidal-Romani, 2005). Podobnym spo-
sobom vznikli pocetné balvanovité utvary permskych bio-
titickych granitov v Dobrudzi v Rumunsku (45,243 704°;
28,197 875°) (Vasile a Vespremeanu-Stroe, 2016) a mag-
matitov v moldanubiku v Ceskej republike (Bumba, 2015).
Na niektorych balvanoch magmatickych hornin tfebic-
skeho masivu typu durbachit (syenit) so svetlymi vyrast-
licami draselnych zivcov je mozné pozorovat’ cibul'ovité
odlupovanie povrchovych vrstiev, tzv. exfoliaciu (obr. 19).
Sféroidické zvetravanie sa okrem magmatickych hornin
vyskytuje napr. aj v pripade pelitov, pelosideritov, bazal-
tov a gabra.



Tetak, F.: Sféroidné pieskovcové konkrécie v malcovskom suvrstvi v Hrustine na Orave

Obr. 19. Cast z 33 sféricky zvetra-
vajucich balvanov porfyrického
syenitu s exfoliaénymi vrstvami pri
kamenarstve v Rakovej, pochadza-
jucich pravdepodobne z Franclz-
ska (49,447 125°; 18,735 355°).

Fig. 19. Part of 33 spherically we-
athered boulders of porphyritic
syenite with exfoliation layers at
the stonemasonry in Rakova, pro-
bably from France (49.447 125°;
18.735 355°).

Na viacerych lokalitach sa v minulosti zvazovalo, ¢i
povod gul’ nie je antropogénny. Existuju vSak aj kamenné
gule dokazatel'ne antropogénneho pdévodu, ktoré predsta-
vuju l'udské artefakty vyrobené z prirodného kamena. Asi
najznamejsi priklad je na juhu Kostariky. Nachadza sa tam
viac nez pat'sto gul’ s priemerom od 10 do 250 cm s takmer
dokonale gulatym tvarom. St antropogénneho povodu este
z predkolumbovského obdobia (Quintanilla, 2007; Amador
a Alfaro, 2014). Pozoruhodné je, Ze ich autori vytesali bez
poznania kovovych nastrojov. Boli vytvorené z granodiori-
tu, gabra, vapenca a pieskovca. Podobné kamenné gule boli
objavené pri vystavbe priehrady Cuji zapadne od mesta
Onoto vo Venezuele (9,603 483°; —65,218 677°).

Zo Skotska, {rska a Velkej Britanie je znamych viac
nez 400 Carved stone balls antropogénneho neskoroneoli-
tického povodu s neznamym ucelom vel’kych zhruba 7 cm,
pestro tvarovanych rytim (Stewart-Moffitt, 2022). V Tuni-
se v starom Kartagu s pravdepodobne antropogénne va-
pencové gule. Niekolko ,,gul* antropogénneho pdvodu je
napr. aj na Velkonoénom ostrove. Daliie gule alebo skor
megality su zname z Turecka, Franctizska a inych oblasti.

Zaver

Pocas terénnych prac pri geologickom mapovani Orav-
skej Magury boli v oblasti Hrustina pozorované vyskyty
pieskovcovych ,,gil* na primarnych aj sekundarnych lo-
kalitach. Vyskum sa realizoval v rdmci skimania a geolo-
gického mapovania $irSej oblasti Oravskej Magury, preto
umoznil preskimat’ SirSiu oblast’ rozSirenia malcovskeé-
ho slvrstvia. Vysledkom vyskumu bola dokumentécia
vSetkych znamych pieskovcovych ,,gul* z okolia Hrus-
tina so zaznamenanim ich rozmerov, charakteru vysky-
tu (primarny/sekundarny) a pozicie (pevna cize spojena
s materskou horninou alebo vol'nd), opis tvaru, fotodoku-
mentacia a lokalizacia vyskytu (stiradnice WGS84). Bolo

zdokumentovanych 58 pieskovcovych ,,gul* s priemerom
od 30 do 220 cm. Mensie st zvyc€ajne pravidelne gul'até.
Pri vacsich prevlada splosteny elipsovity az vajcovity tvar.

Pieskovcové gul'ovité utvary z oblasti Hrustina vznikli
ako konkrécie, ¢ize ako vysledok preferenc¢nej cementacie
(vyzrazania kalcitu) vo vrstve. Mohli byt vytvorené v po-
Ciatoénej faze diagenézy horniny. Ich tvorba sa neviaze
na suvrstvie vSeobecne, ale na konkrétny litotyp prevazne
strednozrnnych kremitejSich drobovych pieskovcov. Tieto
pieskovce tvoria pravdepodobne jediny horizont v nizsej
Casti suvrstvia. Je to horizont najmenej 10 vrstiev masiv-
nych pieskovcov hrubych 30 az 80 (150) cm. Su vapnité,
kremité, drobové, strednozrnné, zriedka jemno- az hru-
bozrnné. Odkryté st len na niekol’kych miestach v Hrustin-
skej kotline. Gule z Podbiela maji podobnt genézu, no st
to septéariové konkrécie.

Gule premiestnené k domom v Hrustine v minulosti ne-
plnili iba esteticky ucel, ale chranili rohy domov a brany
pred poskodenim od vozov. Pravdepodobne mali chranit
aj domy a zahradky pred drevom tahanym v zime po ceste.

Stcastou vyskumu bola sumarizécia oblasti svetového
vyskytu fenoménu sférickych horninovych utvarov/gul’ so
zameranim najméa na konkrécie a porovnanie s vyskytmi
pri Hrustine. Zistilo sa viac nez 60 porovnatel'nych oblas-
ti vyskytu. Z toho vyplyva, ze tento fenomén nie je taky
zriedkavy, ako sa uvadza v popularizacnej literature, no
analogicky mozno vyvodit, ze fenomén pieskovcovych
,»gul** z Oravy ma vyrazny potencial stat’ sa geoturistickou
atrakciou. Vacsina svetovych vyskytov je nejakou formou
chranena a ma vybudovanu infrastrukturu na geoturistiku.
Stcasna koncentracia a zachovanie ,,gul** v obci a na pri-
marnych lokalitach je dostatocnd a vhodna na vytvorenie
nau¢nych chodnikov. Propagacia tohto geologického javu
v spojeni s nutnou a vhodnou ochranou ma potencial zvysit
povedomie a zaujem verejnosti o geoldgiu.
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Summary

Several primary and secondary occurrences of sand-
stone spheres have been identified in the Hrustin village
and its surroundings in the northern Slovakia. Their charac-
teristics differ slightly at each of them. In the Hrustin vil-
lage there are 23 spheres on secondary occurrences along
the roadside and in gardens, and one sphere is in the Babin
village east of the church. Two spheres are near a private
cottage. Another 30 spheres are still on primary occur-
rences in the vicinity of Hrustin. A total of 58 sandstone
spheres have been documented so far (Fig. 7).

The spheres are composed mainly of medium-grained,
rarely fine-grained or coarse-grained calcarcous quartz-
wacke sandstone. A conglomerate fraction was not ob-
served. Diameter of spheres ranges from 30 to 220 cm. The
smaller ones are usually regularly spherical in shape. The
larger ones are predominantly flattened ellipsoidal to ovoid
in shape. In several cases, only part of the sphere is pre-
served. The surface is usually smooth and regular.

The spheres are always separated by a joint at the con-
tact with the parent rock. Macroscopically, no difference in
the composition and lithification of the spheres and parent
rock has been observed, although the observation that the
spheres are more resistant to weathering suggests indirectly
that they are more lithified. Neither concentric nor radial
cracks or disintegration resembling septarian concretions
were observed in the spheres. Also, no heterogeneous
core was observed that could be a starter for concretion
formation.

The occurrence of sandstone spheres near Hrustin is
linked to the outcrops of the Malcov Formation. It is the
youngest deposit of the Krynica Unit of the Magura Nappe
of the Flysch Belt of the Western Carpathians (Fig. 3).
Within the Malcov Formation, the light grey calcareous
claystones with interbeds of chaotically bedded slump
bodies of sandstones, siltstones or claystones are general-
ly predominant. Quartz-carbonate and quartz-wacke sand-
stones may dominate only locally in the lower part of the
formation. They form up to 10 m thick horizons at several
10 m intervals. The quartz-wacke sandstones with the oc-
currence of spheroidal concretions probably form the only
horizon in the lower part of the formation. The horizon is
composed of at least 10 layers of 30 to 80 (max. 150) cm
thick massive sandstones. They are rarely weakly lithified.

The estimated thickness of the formation is 450 to
660 m (Potfaj, 1983). Its age is late Eocene to late Oligo-
cene (Potfaj et al., 1991), but it is possible that sedimen-
tation continued into the earliest Miocene. The formation
is the sedimentary infill of smaller confined interconnected
basins in a period strongly influenced by the tectonic ac-
tivity of the closing Magura Basin by the advancing Car-
pathian orogen, which was manifested, for example, by

the sedimentation of slump-bodies. The Magura Basin had
the character of a residual “piggy-back” basin (Golonka
a Waskowska-Oliwa, 2007; Tet'ak et al., 2019).

Several locations of spherical rock formations of dif-
ferent tectonic and stratigraphic affiliation and origin
have been identified in Slovakia and the surrounding area
(Fig. 9).

Between 2002 and 2022, aggregate mining was carried
out west of Podbiel in the valley of the Podbielsky Cickov
stream (49.304 516°; 19.468 797°). During mining, sphe-
roidal rock formations appeared. They were preserved
thanks to Jozef Krupa, who moved them to the nearby Pod-
biel village (Fig. 10). All 18 known pieces are in secondary
position as of 2024, although 7 “balls” are near the quarry
below the road on the bank of the stream at the site of pri-
mary occurrence (49.303 697°; 19.466 425°). The other five
are in Podbiel: three are near Penzion Lipa (49.305 924°;
19.482 551°) and half of the sphere is near house no.
404 (49.306 075°; 19.481 948°). Five pieces are near the
cottage SE from Podbiel (49.288 321°; 19.516 292°). There
are also several smaller pieces of broken spheres on which
their internal septarium structure can be observed (Fig.
10). Lithologically, they are made up of gray sandy marls,
which can be spotted in places. It is possible to divide the
spheres into two groups. Fifteen spheres are significantly
flattened, smooth gray in color. The three are distinguished
by their rust-brown color, rather fusiform shape and espe-
cially horizontal layering. The dimensions of the spheres
are from 35 x 65 cm to 70 x 90 x 160 cm. In the case of
spheres that are disintegrated, a structure typical of septar-
ian concretions is visible, i.e. radial and axial cracks filled
with calcite. Calcite did not completely fill some cracks and
its crystals up to 2 cm in size are observed.

In addition to Hrustin and Podbiel, one slightly flattened
sandstone sphere with a diameter of 70 cm was observed in
the Orava region in Zazriva in the Koncita (49.291 510°;
19.159 234°) in the sandstone horizon of the klippes cover
of the Klippen Belt, of Albian-Cenomanian age (PlaSien-
ka et al., 2021; Fig. 11). Massive mudstones, especially
the Bystrica type mudstones of the Zlin Formation have
spherical disintegration in several localities of the Flysch
Belt (e.g. in the quarry N from Novot’; Fig. 12; Tetak et
al., 2016b).

The phenomenon of spherical sandstone formations in
the shape of balls in the area of the Flysch Belt of the Western
Carpathians is known mainly from a narrow zone in the
northern part of the Kysuce region (northern Slovakia) with
an overlap to the west to Moravia region and to the east to
Poland. In total, more than 60 spheres with a diameter of
17 to 260 cm in sandstones to fine-grained conglomerates
can still be found in both primary and secondary sites. The
most abundant occurrence is the Megonky quarry near the
Milosova village (49.496 864°; 18.722 499°). The quarry
was opened in 1988. Natural outcrops are also found in the
Klokocovské skalie rocks (49.472 549°; 18.618 256°), in
the streams in Klokocov (Fig. 13A), but significant part
of the spheres was transported by people to the Klokocov
village (e.g. 49.451 635°; 18.571 691°) and elsewhere
and in many cases serves as garden decoration (Fig. 13B;
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Bizubova, 2008). The occurrence of spheres is linked ex-
clusively to the horizon of late Paleocene to early Eocene
coarse-grained Ci¢zkowice Sandstones of the Sub-Menilite
Fm. of the Silesian Nappe (Potfaj et al., 2002, 2003). They
are as well as the spheres from Hrustin, of concretionary
origin created in the process of early-lithification of deep-
sea gravity current sedimentary rocks. This is evident by
the presence of a passing through conglomerate horizon
in several spheres, as well as lamination. Many have de-
veloped a flaking crust.

The mentioned line with the occurrence of the Cigzko-
wice Sandstones spheres continues from Kysuce region
to the east into the Czech Republic via Motycanka, Mosty
u Jablunkova (old quarry, 49.5102 34°; 18.747 986°),
Navsi (along the road, 49.594 724°; 18.749 301°) and Bu-
kovec further into Poland at Zywiec. The same geological
structure/line continues from the Kysuce region to the west
to Moravia, e.g. spheres with a diameter of up to 3 m are in
the old Vid¢e quarry (49.435 666°; 18.095 514°). Further to
the west, but already in different geological units, there are
spheres with a diameter of up to 80 cm in the older Carbon-
iferous Kulm wacke sandstones of the Drahanska vrchovi-
na and Nizky Jesenik Mts. and the Karpatian age Krométiz
Fm. in the Carpathian Foredeep (in the Bezuchov, Sima
and OlSany sand pits; Bubik et al., 2019) and also spheres
apparently of anthropogenic origin in the more distant
Karlova Ves in the Kiivoklatsko region. Carbonate and py-
rite-carbonate concretions occur in the area of Barrandien
near Prague, for example in the Ordovician shales of the Kla-
bava Fm. (Geopark Barrandien: 49.962 993°; 14.072 961°;
Geological Garden: 50.091 737°; 14.574 824°). Another
example of concretions from the territory of the Czech
Republic are pelosiderite concretions. They occur mainly
in the upper part of the Hradisté¢ Formation of the Silesian
Nappe of the Flysch Belt, where lenticular concretions of
pelosiderites are abundant in dark gray, weakly calcareous
claystones. They were mined in the past and thus contribut-
ed to the emergence of the metallurgical industry in Ostra-
va (e.g. 49.665 588°; 18.760 741°; Roth et al., 1962).

Other, rather rare occurrences of spherical concretions
are described from several localities of the Krynica Unit
of the Magura Nappe in eastern Slovakia. Spherical con-
cretions with a diameter of up to 70 cm weathered from
the wall of the KoSarovce quarry from thick layers of less
lithified sandstones of the Strihovce Fm. (Zec et al., 2011).
Similar are the spheres with a diameter of up to 50 cm from
the Diel site between Ruska Bystra and Hrabova Roztoka
and from the Strihovce village (Lesko, 1960; Lesko et al.,
1964; Lesko and Samuel, 1968; Zec et al., 2005a, b; Zec et
al., 2011) and spheres up to 70 cm in size north and south
of the Stredna hora valley west of the Zelmanovce village
(Kovacik et al., 2012).

Outside the Flysch Belt of the Western Carpathians,
stone spheres are known from the Central Carpathian
Paleogene sandstones from the Mala Causa and Chreno-
vec-Brusno villages (Kovacik et al., 2015, Figs. 3.4-16).
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The so-called “Brusno Balls” are weathered from weakly
lithified sandstones with paraconglomerates lenses of the
Chrenovec Mb. with the age of Kiscelian to Egerian. Pe-
trographically they correspond to calcareous subarkoses.
The concretions are spherical to ellipsoidal in shape with
a diameter of 10 cm to 2 m (Fig. 14). Most of the spheres
are located in and near the local quarry (48.773 926°;
18.720 450°).

By the road between the Liptovsky Ondrej and Be-
nadikova villages there is an inconspicuous location with
several larger ellipsoidal stones (49.087 38°; 19.699 14°).
In 1977, the location was declared a Natural Monument of
Haje. According to Gross (1977), Gross et al. (1980) and
Misik and Rehakova (2004) there were spheres to loaf-
like pelocarbonate formations up to two meters in size, in
some cases they were armored with pebbles. The spheres
are found as part of the ancient submarine slump body of
the Central Carpathian Paleogene deposits. The submarine
slump cut trough into the middle to upper Priabonian flysch
bedrock. Half of one sphere, in the core with an armored
intraclast, is exhibited in the complex of the State Geologi-
cal Institute of D. Stirr in Bratislava (Fig. 15). The spheres
genetically differ from the spheres from Hrustin, they are
intraclasts (olistoliths) and armored intraclasts. Formation
of armored intraclast can be better understood with a recent
example from the Mrazovce village (Bona et al., 2005),
where armored spherical intraclasts with a diameter of 4 to
32 cm were formed in a fluvial environment during storm
rainfall.

Spherical to ovoid sandstone bodies, found in the
belt between Rdzawka and Rokiciny Podhalanskie in the
Polish Carpathians, have a similar origin as the spheres
from Liptovsky Ondrej. They were formed as olistoliths
of fine-grained calcareous sandstones in the olistostrome
within the middle Eocene Maszkowice sandstone Mb.
(equiv. Oravské Veselé Mb.) of the Bystrica unit of the
Magura Nappe (49.580 603°; 19.887 706°) (Cieszkowski
et al., 2009, information by M. Cieszkowski). In the area of
occurrence, spheres were used as decorative elements, e.g.
at the entrances to old wooden churches with a hollow cut
out for holy water in Rabka Zdroj and Piatkowa Gora, as
well as in Raba Wyzna Square (Fig. 16).

Partial lithification of sandstones in the form of larger
spherical concretions of irregular loaf-like, but also spheri-
cal shape cemented by calcareous cement commonly de-
veloped in various Neogene sands. Probably the most
famous locality is the abandoned sandpit in Lipovany
(48.214 170°; 19.709 228°) with an outcrop of the type
locality of early Eggenburgian Lipovany sandstones.
The sandpit has been declared a natural monument since
1990. Spherical concretions reach a diameter of 5 to 50 cm
(Fig. 17). Sandstones are sediments of a shallow marine
shelf, and they contain abundant fragments of molluscs
(Vass et al., 1992). Similar sandstone concretions were
also developed in the late Eggenburgian fluvial-lacustrine
Tachty sandstones of the Bukovinka Fm., in the Darmo-
ty Mb. in southern Slovakia, in similar late Badenian
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sandstones of the Sandberg Mb. (Devinska Kobyla Hill)
and in the Prietrz Mb. of the Karpatian age east of Senica
town (Tet'’ak, 2017).

In the Tertiary sediments of the Most and Sokolov ba-
sins (Fig. 18), regular spheres ranging in size from a few
mm to two decimeters occur sporadically. They are known
as “Vrsany and Bilina balls” (50.493 6°; 13.532 01° and
50.570 438°; 13.723 959°) and are popular especially
among sensible people, who attribute their healing effects.
Spheres are moderate zonal concretions of pyrite and mar-
casite formed in sandy sediments (Zimak et al., 1992; Bar-
tos$ et al., 1996).

Sandstone concretions from Neogene sediments of
Slovakia are similar in appearance and origin to calcite ce-
mented sandstone concretions of various shapes in Italy,
e.g. in the Bologna area (Contraforte Pliocenico Reserva-
tion), the so-called “botroidi” or “cogoli”. They occur in
various syntectonic sediments of Eocene to Pliocene age
(Cibin et al., 1993). The calcium in concretions comes from
limestone clasts and shells of molluscs and foraminifera.
Smaller concretions weather in hundreds of pieces and
have various zoomorphic and anthropomorphic shapes,
which attracted interest and imagination in people in the
past. They are exhibited in the Museo dei Botroidi di Luigi
Fantini, specially dedicated to botroids, in the village of
Tazzola (44.333 889°; 11.381 771°). Similar, avant-garde
sculptures resembling concretions known as “gogottes”
weather from the Upper Oligocene siliceous Fontainebleau
sandstones near Fontainebleau in France (Thiry, 1999;
Thiry et al., 2013).

Probably the most significant occurrence of sandstone
concretions in Europe are the “Boules de Rosans” from
France from the Serre d’Autruy locality near Saint-André-
de-Rosans in the Hautes Alpes (44.381 142°; 5.526 987°
and 44.377 539 8°; 5.520 312 5°), but e.g. also from near-
by Saint-Etienne-les-Orgues (44.028 071°; 5.758 682°).
A larger number of spherical concretions with a diameter of
about one meter occur in glauconite sandstones deposited
as gravity currents in the Vocontian Basin. Sandstone beds
form interbeds in monotonous marls of the Blue Marls For-
mation of Albian age (Thomas, 2016; Ferry, 2017).

Large, almost spherical, carbonate cemented, sandstone
concretions occur on the coast of southern England east of
Osmington Mills (50.632 349°; —2.369 787°). Early lithifi-
cation helped to preserve the characteristic cross bedding
of the sandstone. The concretions are part of the Bencliff
Grit horizon of the Corallian Fm. represented by intertidal
zone deposits of Oxfordian age (Sellwood et al., 1990).
Larger septarian concretions occur at several locations in
England, e.g. in Middle Jurassic (Bathonian) mudstones of
fluvio-deltaic origin of the Long Nab Member of the Scalby
Formation at Burniston Bay near Scarborough (Slater et al.,
2017; ca. 54.327 458°; —0.420 135°).

Decimeter to over 2 m large calcite cemented sand-
stone ovoid concretions are also found on the Scottish is-
lands of Eigg (56.922 811°; —6.158 168°) and Sky (Valtos
— approximately 57.607 613°; —6.170 388°) in the Middle

Jurassic (Bathonian) estuarine sandstones of Valtos Sst.
Fm. (Wilkinson, 1993, 2006; Hudson et al., 2023; Paxton
et al., 2023).

In Europe, stone balls from Bosnia are the most well
known. Several dozen spheres were found here in many
locations. Their largest concentration with more than 20
spheres with a very regular round shape is in the vicinity
of the Zavidovi¢i town (44.454 625°; 18.175 121°). They
reach a diameter of up to 2.5 m. Dozens of spheres were
destroyed by local residents due to the superstition of gold
in their center in the past.

Several sandstone spheres were also found in north-
eastern Croatia near the town of Ludbreg (they are ex-
hibited in the park: 46.251 033°; 16.618 748°). Spheres
arose as concretions in the sands sedimented in the Panno-
nian lake 11 Ma ago (Banak et al., 2019).

In Romania, sandstone concretions cemented with cal-
cium carbonate are found in several locations. Their local
name is “trovanti”’. They developed in Miocene (Panno-
nian) sands in the Carpathian foreland. The most famous
are in Costesti (45.137 650°; 24.068 821°), in Breaza
(45.159 921°; 25.662 199°), Ulmet (Babele de la Ulmet,
Bozioru) (45.368 566°; 26.464 624°), but also others, e.g.
Odaile (45.384 224°; 26.522 157°), Cozieni (45.353 32°;
26.500 802°), Sibiu (45.790 725°; 24.314 937°) and Ones-
ti (46.278 193°; 26.799 933°). They occur in nodular,
spherical or ellipsoid shapes with dimensions from a few
cm to several meters. It is interesting that cement is se-
creted from concretions exposed to rain for a long time and
small nodules appear on the surface, which the locals call
“growing stones”. Museums and educational trails have
been built in several locations.

Spherical concretions from Hrustin are similar to many
other locations around the world. In terms of number, size,
preservation and shape, probably the most striking site in
the world is in western Kazakhstan (English: Ball valley,
Russian: [lonwna mapos, kaz. Hlapmap anrrapsr;, espe-
cially 44.322 593°; 51.599 454°, in the arc at least from
44.275 889°; 51.520 079° to 44.295 435°; 51.838 955°). In
the desert, on an area of several km?, there are thousands of
large sandstone concretions of Paleogene age, usually 1.5
to 3 m in diameter (Dieterich et al., 2015, p. 85). Lamina-
tion of the sediment is evident on many concretions or the
crust is peeling off their surface.

Several smaller occurrences of larger spherical concre-
tions are recorded in the area of Russia, but no more detailed
geological research is available. “Zhukovlyanskie Boul-
ders” OKyxopmsiHckue Banmynsr) (58.304 497°; 48.014 239°)
are found in Permian sandstones in the old sand pit near
Zhukovlyan in the Kirov region. Other sandstone concre-
tions are known as “Ancient Boulders” (/{peBHue BamyHbI)
in a ravine near the village of Yashauche (Slmayue) in Ta-
tarstan (54.927 005°; 51.472 229°). Several spherical fer-
ruginous sandstone, sometimes hollow concretions called
“Volgograd Balls” are found in a ravine near the village
of Mokraya Olkhovka (50.499 475°; 44.977 463°). Other
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occurrences of concretions are in Chechnya (Argun Gorge)
and Dagestan.

Another location in the desert is near Lake El Faiyum
in Egypt (29.502 136°; 30.551 416°). Hundreds of large
spherical concretions weather from coarse-grained cross
bedded sandstone of marine origin of the Birket Qarun
Fm. of Priabonian age (Seciffert et al., 2008; Kusky et al.,
2011; Abdel-Fattah, 2016; Al-Dhwadi and Sallam, 2019).
Various, as yet unexplored concretions of the “Valley of
the Planets” are reported from the Libyan Desert east of the
Ghat (approximately 25.176 435°; 10.821 453°).

Other very regularly shaped spheres are known from
Franz-Josef-Land. The spheres from Champ Island are
larger and reach over two meters. On the neighboring island
of Heiss, there are many smaller spheres with a diameter
of only a few centimeters. Spheres are made of sandstone
and are concretions in origin. Concretions, usually 5-30 cm
in diameter, commonly occur in a marine, carbon-rich
sequence of dark, muddy siltstone with thin sandstone
intercalations of the Carolinefjellet Formation of Creta-
ceous (Aptian — Albian) age on the coast of Kapp Morton
in Spitsbergen (Krajewski and Luks, 2003; 77.789 555°;
14.896 808°).

On the east coast of Greenland, several horizons with
spherical concretions crop out in Jurassic sediments (Sur-
lyk et al., 2021). Perfectly rounded spheres are also found
on the northwest coast of Canada from Paulatuk, Pond Inlet
to Coral Harbour. They are also sandstone concretions in
origin. Spherical concretions crop out also in Kettle Point
on the shore of Lake Huron (43.212 465°; —82.022 755°)
in the Devonian Kettle Point Fm. (Bingham-Koslowski,
2015). In Alberta, Canada (49.654 221°; —110.863 859°),
dozens of 1.5 to 2.5 m large sandstone concretions of Red
Rock Coulee weather from gray shale of the Campanian
Bearpaw Fm. (Tsujita, 1995). Some of the world’s largest
concretions form the Grand Rapids on the Athabasca River
in Alberta (Canada; 56.326 422°; —112.612 211°). Concre-
tions weather out in large quantities from the Cretaceous
(Albian) nearshore marine to upper shoreface facies sand-
stones of the Grand Rapids Formation (Kramers, 1982).

10 to 40 cm large concretions called “Thunder Eggs”
weather out of sand that formed as fluvial-lacustrine sedi-
ment from a stream flowing from a retreating glacier af-
ter the last glacial period west of Haines Junction, Yukon,
Canada (60.789 419°; —137.762 681°).

Larger sandstone concretions occur in the area from
Newton to White counties in Arkansas. They are referred
as “Prim Rocks” (e.g., as decorations at houses in Prim:
35.694 471°;-92.112 632° and 35.694 622°; -92.108 768°
and 35.688 272°; —92.108 416°). The concretions occur in
several sandstone levels such as the Middle Bloyd Sand-
stone of the Bloyd Formation and Prairie Grove Member of
the Hale Formation of Pennsylvanian age. They deposited
in a delta-like environment (Hanson and Howard, 2005).

Huge spheroidal concretions (some nearly 6 m in
diameter) occur at two sites in central Kansas in fluvial
Albian-Cenomanian sandstones of the Dakota Fm.
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Concretions form a small stone city in Rock City Park
(39.090 853°; —97.735 455°). They are interesting due to
their dimensions and distinctive cross-bedding of sand-
stone (McBride and Milliken, 2006).

A popular tourist site for large sandstone concretions
is “Cannonball Concretions” in North Dakota (Theodore
Roosevelt National Park, 47.596 326°; —103.331 989°).

Spherical concretions from Ohio range from a few
centimeters to over 3 m in diameter. They weather from
dark gray to black slates (Ohio Shale) of Devonian age.
The smaller ones are regularly round, the larger ones are
flattened to disc-shaped. They are made of carbonate, lime-
stone or dolomite. They may also develop septarium cracks
filled with calcite and barite. In the core of the concretions
there are organic fragments, usually fish bones. Spheres
occur singly or in dozens in many places, mostly in rivers
in Ohio, e.g. 39.573 179°; —83.126 264° (Hansen, 1994).
Larger concretions can also be found in other areas, e.g. in
shale and limestone successions of Fort Payne Formation of
Early Mississippian age (southern Kentucky and Tennessee
-36.799 667°; —85.382 961°), in Lower Eocene glauconite
sand of Bashi Formations (Mississippi — Meridiad — 32.347
554°; —88.710 888°), in Devonian mudstones of Geneseo
Fm. (New York —42.540 157°; —76.525 781°; Wilson and
Schieber, 2015) and in Upper Cretaceous beach and barrier
facies sandstones of Eagle Fm. (Montana — Billings —45.797
425°; —108.486195° and 45.799 888°, —108.478 431°,
Shelton, 1965).

Hundreds of about 30 to 100 cm large sandstone con-
cretions are also found in the desert in the Pumpkin Patch
in Anza Borrego Desert State Park in southern California
(37.683 3°; —111.366 7°).

A group of smaller sandstone concretions from the
Triassic Ischigualasto Fm. is in Ischigualasto Park, Argen-
tina (=30.117 423°; —67.901 898°).

Iron concretions are another type of spheres. Hundreds
of thousands of smaller, only a few cm large, iron-sand-
stone concretions “Moqui Marbles” (or “Navajo Marbles”)
appear in many places in southeastern Utah after the weath-
ering of desert Lower Jurassic sandstones of the Navajo Fm.
(e.g. Spencer Flat 37.671 819°; —111.387 688°). The sand-
stone core is surrounded by a harder hematite crust (Potter
and Chan, 2011; Loope and Kettler, 2019; Katsuta et al.,
2023). Similar ferruginous concretions with a diameter of
up to 25 cm can also be found in the Western Carpathians in
continental sediments of the Rhaetian age of the Tomano-
wa Mb. of Tatricum. The sphaerosiderite concretions were
formed as a result of early diagenetic precipitation of the
siderite in the waterlogged sediments rich in organic matter
(Nejbert and Jurewicz, 2004).

Septarium concretions are a specific type of con-
cretions. They perform, for example, at “Bowling Balls
Beach” on the Atlantic coast of California (38.872 263°;
—123.659 815°). Similar spherical septarian concretions
are known from various places, such as in New Zealand
(“Moeraki Boulders” —45.345 448°; 170.826 508°; “Katiki
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Boulders” —45.415 419°; 170.824 323°; “Ward Beach
Boulders” —41.841 891°; 174.188 045°; “Koutu Boulders”
—35.465 829°; 173.416 877°), where spheres occur along
the coast and inland. Balls range in size from 0.5 m to 3 m.
They formed as septarian concretions in soft Paleocene
mudstone. The concretions are typically fractured and less
lithified internally than on the surface (Boles et al., 1985;
Thyne and Boles, 1989; Yoshida et al., 2020). In the in-
terior of the North Island in New Zealand at the “White-
cliffs Boulders” site (—39.845 212°; 175.770 385°) there
are dozens of regularly spherical 1 to 2 m large sandstone
concretions. They are sandstone concretions (not septari-
an) weathering from the bluish-gray Late Pleistocene shelf
siltstones of the Mangaweka Mudstone (Journeaux et al.,
1996; Hayward, 2021).

Selective weathering of brightly colored clastic rocks
of bizarre shapes, including concretions, in an arid environ-
ment can be observed in the “Bisti Badlands™ area of New
Mexico (36.267 381°; —108.223 705°). Other irregularly
shaped concretions in calcareous sandstones are the attrac-
tion of Yehliu Geopark on the northern coast of Taiwan
(25.208 688°; 121.693 06°) (Cheol-Woong, 2014).

In many places around the world, there are localities with
the occurrence of spherical formations of other than sedi-
mentary origin. From Mexico’s “Las Piedras Bola” (20.653
700°; —104.057 346° and 20.657 542°; —104.062 610°) 74
spheres with diameters from 1.2 m to 7.8 m are known.
Round shape was formed during the transport and solidifi-
cation of Tertiary rhyolite pyroclastic currents (Girén and
Avila, 2007).

The Australian Karlu Karlu (“Devils Marbles™:
—20.565 147°; 134.260 375°), which were created by sphe-
roidal subsurface and surface weathering of granites, have
a completely different genesis (Twidale and Vidal-Romani,
2005). Numerous boulder-like spheres of Permian biotitic
granites in Dobrogea, Romania (45.243 704°; 28.197 875°)

(Vasile and Vespremeanu-Stroe, 2016) as well as magma-
tites in Moldanubicum in the Czech Republic (Bumba,
2015) were formed in a similar way. On some boulders
of igneous rocks of the Tiebi¢ massif of the durbachite
(syenite) type with light porphyritic phenocryst of potassi-
um feldspars, it is possible to observe onion-like flaking of
the surface layers, the so-called exfoliation (Fig. 19). In ad-
dition to igneous rocks, spheroidal weathering occurs e.g.
also in pelites, pelosiderites, basalts and gabbro.

In the past, it was considered whether the origin of
the spheres was anthropogenic in several locations. How-
ever, there are also stone balls of provably anthropogenic
origin, which represent human artefacts made of natural
stone. Probably the most famous example is in the south of
Costa Rica. There are more than five hundred spheres with
a diameter from 10 to 250 cm and an almost perfectly round
shape. They are of anthropogenic origin from the pre-Co-
lumbian period (Quintanilla, 2007; Amador and Alfaro,
2014). It is remarkable that the authors carved them without
knowledge of iron tools. They were made of granodiorite,
gabbro, limestone and sandstone. Similar stone balls were
discovered during the construction of the Cuji Dam west of
the city of Onoto in Venezuela (9.603 483°; —65.218 677°).

From Scotland, Ireland and Britain, more than 400 ap-
proximately 7 cm large, variously shaped Carved stone
balls of anthropogenic late Neolithic origin of an unknown
purpose are known (Stewart-Moffitt, 2022). In Tunis, in an-
cient Carthage, there are probably anthropogenic limestone
balls. Several “spheres” of anthropogenic origin are e.g.
also on Easter Island. Other spheres or rather megaliths are
known from Turkey, France, etc.

Rukopis doruceny: 2.10.2023
Revidovana verzia dorucena: 26.2.2024
Rukopis akceptovany redakénou radou: 25.11.2024

31



Geologické prace, Spravy 140

32





