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NOVE POZNATKY Z MEDZINARODNE] SPELEOLOGICKE])
EXPEDICIE TEPUY 2009 NA STOLOVE HORY CHIMANTA
A RORAIMA (GUAYANSKA VYSOCINA, VENEZUELA)

Lukas Vicek - Branislav Smida — Charles Brewer-Carias - Federico Mayoral
- Roman Aubrecht - Tomas Lanczos - Jan Schlogl - Tomas Derka

UvoD

Tim slovenskych speleol6gov a vedcov
skdmajucich jaskyne kvarcitového krasu sto-
lovych hor vo Venezuele v ramci expedicie
Tepuy 2009 sa koncom februdra vrétil domov
na Slovensko. Medzindrodnd prieskumno-ve-
decka expedicia trvala 6 tyzdnov, zicastnilo
sa na nej 9 slovenskych vedcov a jaskyniarov,
1 chorvatsky jaskyniarsky pdr a 4 venezuelski
vyskumnici. Pocas tejto, v poradi uz 6. medzi-
ndrodnej vypravy slovenskych speleol6gov
do venezuelskej Guayany, sa navstivili 2 sto-
lové hory v ramci horskych skupin Chimanta
(2500 m) a Roraima (2880 m). Vykonaval
sa klasicky speleologicky prieskum, pocas
ktorého sa zaznamenalo niekolko velmi vy-
znamnych objavov jaskyn, figurujdcich v pr-
vej desiatke najvacsich kvarcitovych jaskyn
sveta. Odborny vedecky program sa zameral
na rieSenie geoldgie a hydrogeochémie, ako

Obr. 1. Stolova hora Tirepén tyciaca sa nad adolim rieky Churi - oproti otvorom do jaskyne
Cueva Colibri v stene hory Churi. Foto: L. VIcek
Fig. 1. Tirepon tepuy above the valley of Churi river — opposite to the entrances of Cueva
Colibri Cave in the wall of Churi tepuy. Photo: L. Vicek

aj mikrobiolégie a zooldgie v tejto oblasti
sveta, charakterizovanej extrémnou mierou
izoldcie a endemizmu a zdroven velmi niz-
kou preskimanostou.

SPELEOLOGICKY PRIESKUM
V MASIVE STOLOVYCH HOR
CHIMANTA

Na Churi - jednej zo stolo-
vych hér masivu Macizé Chi-
mantd sa objavilo celkovo viac
nez 8,5 km jaskynnych priesto-
rov. Najvacsi z objavov pome-
novany Cueva Colibri (Jaskyna
kolibrika) ma celkovi dizku viac
ako 4 km a zacina sa obrovskou
priepastou s rozmermi 300 x
100 m, hibokou 120 m. Lokalitu
tvoria 3 hlavné mohutné vetvy,
kde sirka chodieb presahuje

bezne viac nez 20 az 30 m, su pretkané riec-
kami, a nachddza sa tu aj labyrint mnohych

[alsich pritokovych chodieb. V rdmci systému
sa zatial lokalizovalo Sest vchodov, z ktorych
Styri sa nachddzajd priamo vo vertikdlnych ste-
nach severnej hrany hory Churf a jeden, gigan-
tickymi blokmi ciastocne privaleny portdl vo
vnitrozemi hory ma na Sirku viac nez 100 m.
Tato jaskyna, v ktorej sa vyskytuju viaceré uni-

Obr. 2. 120 m hlboka vstupna depresia do jaskyne Cueva Colibri.
Foto: L. Vicek

Fig. 2. 120 m deep entrance depression to the Cueva Colibri Cave.
Photo: L. Vicek
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Obr. 3. Jedna z chodieb v jaskyni Cueva Colibri. Foto: J. Stankovic¢
Fig. 3. One of the corridors in the Cueva Colibri Cave. Photo: J. Stankovi¢

Obr. 4. Nizke chodby sii charakteristické vo vstupnych astiach jaskyne Cueva  nal
Juliana i blizkej jaskyne Cueva Yanna. Foto: J. Stankovi¢
Fig. 4. Low corridors are characteristic for Cueva Juliana or Cueva Yanna entran-

ce parts. Photo: J. Stankovic¢

Obr. 5. Depresia Zuna s vchodom do severnej casti
jaskyne Cueva Zuna. Foto: L. VIcek

Fig. 5. The Zuna depression with the entrance to the
northern part of Cueva Zuna Cave. Photo: L. Vicek

katne formy bio-
speleotém a mine-
ralnych akumuldcii,
bola  preskimana
pocas ndro¢ného
Sestdriového  vysu-
nutého pobytu os-
mich  Gcastnikov
expedicie na seve-
re hory. Jaskyna je
momentalne  Stvr-
tou najdlhsou a dru-
hou  najpriestran-
nejSou  kvarcitovou
jaskynou sveta. Je
velmivyznamnou aj
z mineralogického
hladiska,  pretoze
sa v nej zazname-

zndamy vyskyt fos-
fatového minerdlu
sanJuanltu na sve-
te. DalSia z jaskyn,
ktord sme v masive objavili uz v roku 2007,
Cueva Juliana, bola predizena na cca 3 km
dlzky Na lokalite sme zaregistrovali vyskyt
obrich biospeleotém typu ,champignones”,

s priemerom nepravidelnych guli az do vel-
kosti T m. Zavaznym vysledkom expedicie je
spojenie dvoch najdlhsich a najmohutnejsich
jaskyn masivu - Cueva Charles Brewer a Cue-

najrozsiahlejsi

va del Diablo - do jedného spoloéného sys-
tému s aktudlnou dizkou viac nez 7,5 km. Vy-
znamné prediZenie jaskyne sa uskutocnilo aj
v pripade dalSieho objavu z roku 2007 - jas-
kyna Cueva Zuna dnes dosahuje 2,5 km
s moznostami pokraCovania. Je vyznamna aj
z hladiska vyskytu biospeleotém, masivneho
vyskytu minerdlnych vyplni typu ,barro rojo”,
krystdlov sadrovca a sanJuanltu Novoobjavend
jaskyna Cueva Yanna md dizku 1,08 km a pred-
poklada sa jej spojenie s blizko sa nachddzaju-
cou lokalitou Cueva Juliana. Pocas vypravy sa
preskimali este niektoré kratSie lokality (napr.
300 m dihd jaskyna Cueva dos Machetes).
Nami doteraz prebadany krasovy systém jas-
kyn na Churi uz preSIahol dizku 20 km. Fyzic-
ky a technicky ndrocny expedicny projekt na
hore Chimanta trval 22 dni. Ucastnici vypravy:
Roman Aubrecht, Tomas Derka, Viliam Gula,
Erik Kapucian, Tomas Lanczos, Jan Schlogl, Ja-
roslav Stankovi¢, Branislav Smida, Luka$ Vicek
(Slovensko), Ana Baksi¢, Darko Baksi¢ (Chor-
vatsko), Charles Brewer-Carias, Federico Ma-
yoral, Javier Mesa a Alberto Tovar (Venezuela).

VYPRAVA NA STOLOVU HORU
RORAIMA

V druhej casti vypravy sme sa presunuli
na stolovd horu Roraima. Nasa 7-¢lennd ve-
decko-prieskumnd vyprava, zloZend z chor-
vatskych a slovenskych jaskyniarov (Darko
a Ana Baksié, Viliam Gula, Jaroslav Stankovic,
Lukas VI¢ek) a vedcov z Univerzity Komenské-
ho (Tomas Derka, Jan Schlogl) po absolvovani
takmer mesiac trvajiceho pobytu na hore Chi-
mantd pokracovala v druhej casti vypravy do
oblasti venezuelskych stolovych hér. Na tito
legenddrnu stolovd horu, ktord je najvyssim
bodom Guayanskej vysociny (2880 m
n. m.) a indidni ju nazyvaju Matka vsetkych
vOd, sa nasa skupina vypravila s cielom vyko-
nat odber geologickych a mikrobiologickych
vzoriek z najdlhsieho jaskynného systému
kvarcitového krasu - Jaskyne krystalovych oci
(Cueva Ojos de Cristal), dosahujucej dnes diz-
ku 16,2 km (Vicek a Smida, 2007). Absolvovali
sme pesi prechod horou z juhu na sever, do
oblasti trojného bodu (Punto Triple), spdjaju-
ceho hranice Venezuely, Brazilie a Guayany,
podrobne zdokumentovali krasové javy v ob-
lasti El Foso (priepastovitd jaskyna zakoncena
dosial’ nepreskiimanym sifénom), Vychodné-
ho udolia krystdlov a juznej hrany Roraimy
v okoli Cueva Ojos de Cristal.

Obr. 6. Morfol6gia povrchu Roraimy nad Jaskynou krystalovych o¢i (Cueva Ojos de Cristal). Foto:
L. Vicek
Fig. 6. The surface morphology of Roraima tepuy above the Crystal Eyes Cave (Cueva Ojos de Cristal).
Photo: L. Vicek
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VEDECKY VYSKUM V MASIVOCH
STOLOVYCH HOR CHIMANTA,
RORAIMA A ICH OKOLI A ZHRNUTIE
VYSLEDKOV EXPEDICIE

Popri klasickej speleologickej exploracii
vedci z Prirodovedeckej fakulty Univerzity
Komenského opét skimali geologické a bio-
logické pomery podzemia i povrchu, analyzo-
vali vodu, mikroklimatické pomery a odobrali
mnozstvo vzoriek na detailnejsie laboratérne
Stadium.

Hydrogeochemicky a hydrobiologicky
vyskum sa zameral predovietkym na rozli¢né
typy vodnych ekosystémov na vrcholovych
plosindch stolovych hor Roraima a Churf te-
puy, ale aj na okolie Auydn tepuy a toky v ob-
lasti nahornej planiny Gran Sabana. Stolové
hory Guayanskej vysociny predstavuji izolo-
vané masivy, ty¢iace sa nad okolitd krajinu az
1000 m vysokymi kolmymi stenami. Ich vrcho-
lové plosiny, dosahujice vysky medzi 1500
a 3000 m n. m. (Briceno et al., 1991), predsta-
vuju diskontinudlnu biogeografickd provinciu
Pantepui s rozlohou asi 5000 km? (Berry et al.,
1995), zndmu vysokym stupriom endemizmu.
Na vrcholovych platé nachadzame rozlicné
typy vodnych ekosystémov - od riek cez pra-

menné potoky, jaskyn-
né toky az po mokrade
obyvané mnoZzstvom
endemickych druhov
rastin a Zivocichov
(Huber, 1992; Smida
et al, 2005; Linczos
et al., 2007). Biota nie-
ktorych stolovych hor,
napr. Roraimy a Chi-
manty, bola v minu-
losti cielom vyskumov
(Huber, 1992), kym iné
ostavajli dodnes prak-
ticky nezndme. Na ich
vrcholoch skiimanych
plosin sa naslo mnoz-
stvo endemickych
zivocichov, dokonca
aj spomedzi vodného
hmyzu, ktorému sa ok-
rem vynimiek venovala
iba mald pozornost
(Spangler a Faitoute,
1991; Ciampor a Ko-
dada, 1999; Kodada
a Jach, 1999; Derka,
2002; Derka et al. in

Obr. 7.V jaskyni Cueva Zuna sa nachadzaji Sampinénové biospeleotémy velkos-

ti do 1 m. Foto: J. Stankovic¢

Fig. 7. “Champignon” type of biospeleothems up to 1 m in diameter are in the

Cueva Zuna Cave. Photo: J. Stankovic¢

Obr. 8. Akumulacie ,barro rojo” v jaskyni Cueva Zuna dosahuju rekordné mnoz-
stvo. Foto: J. Stankovic¢
Fig. 8. The “barro rojo” sediments in Cueva Zuna Cave reach great amounts.
Photo: J. Stankovic¢

Obr. 9. 400 m vysoka juzna stena stolovej hory Churi nad tdolim rieky Yunek.
Foto: L. Vicek

Fig. 9. 400 m high southern wall of Churi tepuy above the valley of Yunek
river. Photo: L. Vicek

Obr. 10. Krystaly kremena na kamennom platé na severe Roraimy. Foto:
L. Vicek

Fig. 10. Quartz crystalls on the top plateau of northern Roraima. Photo:
L. Vicek



Dokumentacia, ochrana a vyuZivanie jaskyn

60

Aagonitil a7l

€ueva dal Diablo

Obr. 11. Pohlad z horného platé nad jaskynou Cueva Charles Brewer na stredné platé s vyznacenim priebehu jaskynn Cueva Zuna, Cueva del Diablo a vetvy Guécharo

jaskyne Cueva Charles Brewer. Foto: L. Vicek

Fig. 11. The view from the upper plateau above the Cueva Charles Brewer Cave to the middle plateau with indication of cave courses of Cueva Zuna, Cueva del
Diablo and Guacharo branch in Cueva Charles Brewer Cave. Photo: L. Vicek

press). Vodné toky v skiimanej oblasti patria
medzi tzv. Cierne rieky, zndme nizkym pH
(3,5 - 5,5), nizkym obsahom zivin a z toho
vyplyvajicou nizkou produktivitou. Pretekaji
chudobnymi a kyslymi pieso¢natymi podami.
Zvycajne obsahuju velké mnoZstvo organic-
kych latok vyldhovanych z rozkladajicej sa
vegetdcie, ktoré spdsobuju ich typické ,cajo-
vé” zafarbenie.

V rdmci terénneho hydrogeochemické-
ho vyskumu sa v priebehu dvoch expedi-
cif v r. 2007 a 2009 odobralo a analyzovalo
41 vzoriek vod z povrchovych a podzemnych
tokov a jazier, mlak v mociaroch, skvapov zo
stien jaskyn a pramenov na Roraime a Chur{
tepuy. Pri odbere vzoriek boli stanovené pH
a vodivost, zo vzoriek filtrovanych cez filter
0,45 pum sa kolorimetrom v roku 2007 stanovi-
li Fe, SiO,-Si, Al, PO, *-P, NO,-N a v r. 2009
sa stibor parametrov doplnil o Mn a NH,*N.
Hydrobionty, predovsetkym makrozooben-
tos, sa odoberali pocas viacerych expedicir:
osemkrat na Roraime a v jej okoli, Styrikrat sa
odoberali vzorky makrozoobentosu v okolf
Auyan tepuy, hlavne na riekach Carrao a Chu-
rin a v ich pritokoch. Na Churf tepuy sa syste-
matické vzorkovanie vykonalo pocas expedi-
cie v janudri a februdri 2009. Vzorky z vody sa
odoberali Standardnymi hydrobiologickymi,
resp. entomologickymi metédami: kicking
metddou, individudlnym zberom z kamenov
a ponoreného dreva, $mykanim ponorenych
korenov a submerznej vegetacie. Terestrické
imaga sa lapali do entomologickej siete, indi-
vidudlne zbierali z vodnej hladiny, resp. peny
na hladine, pavucin, aj pomocou svetelnych
pasci. Materidl sa fixoval alkoholom. Cast
materidlu urcend na analyzy DNA sa fixova-
la cistym alkoholom. V laboratériu sa vzorky
roztriedili do taxonomickych skupin a v sticas-
nosti prebieha spracovanie predovsetkym po-
deniek (Ephemeroptera) a chrobakov celade
Elmidae.

Chemické zlozenie vod povrchovych
a podzemnych tokov skimanej oblasti je
ovplyvnené viacerymi procesmi: interakciami
voda - hornina, rozkladnymi procesmi rast-
linného detritu, chemickym zloZenim zraz-
kovych voéd a vyparom. Nizka rozpustnost

kremena, ktory je hlavnym komponentom
kvarcitov jednotky Matauf, sa prejavuje nizky-
mi hodnotami vodivosti, a teda aj celkovym
obsahom rozpustenych latok. Minimalna
stanovend hodnota vodivosti v stbore vset-
kych hodnotenych vzoriek bola 2 uS.cm™,
maximdlna 28 pS.cm™. Priemerné hodno-
ty konduktivity v r. 2007 boli 16,7 2uS.cm™
a medidnové 19 uS.cm’™, kym v roku 2009
boli priemerné 11,8 uS.cm™ a medidnové
9 uS.cm™. Uvedené rozdiely st zjavne spo-
sobené najmd vyssou zrazkovou cinnostou
pocas expedicie v roku 2009, ¢o sa prejavilo
aj ovela vacsim rozptylom hodno6t kondukti-
vity vo voddch tokov v roku 2009. Naopak,
vody v tokoch v roku 2007 sa vzorkovali po
dlhsietrvajicom obdobi sucha, a teda boli
vyznamnejsie ovplyvnené vyparom. Vzorky
vod oblasti su tiez typické nizkymi hodnota-
mi pH, podla literarnych zdrojov v intervale
3,5 az 4,7 (Briceno et al., 1991), hodnoty pH
vo vzorkdch véd odobranych pocas nasich
expedicii sa pohybuji v intervale 3,3 az 5,64.
Extrémne nizke hodnoty pH v tychto vodach
st sposobené jednak slabou neutralizacnou
schopnostou reakcii voda - hornina, jednak
rozkladnymi procesmi rastlinného detritu
produkujtcimi rézne organické kyseliny, co
sa prejavuje aj typickym Zltym az cervenka-
vym zafarbenim vody. Dal$imi produktmi
rozkladu sd aj PO, 3-P (< 0,01 - 0,53 mg.l"),
NO,-N (<0,5 - 9,6 mg.I") a NH,*-N (<0,02
- 0,25 mg.I"). Celkovo viak mozno povedat,
Ze tieto vody st chudobné na Ziviny.

V ramci hydrobiologického prieskumu
sme sa venovali viacerym typom vodnych
biotopov. Vo vieobecnosti mozno konsta-
tovat, Ze spolocenstvda makrozoobentosu
boli ovela bohatsie na Churf tepuy, ktora je
asi 0 400 m nizsia ako Roraima a pokryva ju
bohatsia vegetdcia. Preskimali sme niekolko
jaskynnych tokov na Churi tepuy aj Roraime.
Na oboch hordach sme zaznamenali larvy
podeniek rodu Massartella. Hlboko v jaskyni
Cueva Charles Brewer na Churf tepuy sme
v absolitnej tme pozorovali mnozstvo imdg
rodu Massartella zachytenych v pavucindch,
ktoré sa nachadzali v zizenych castiach
s pomerne silnym prievanom. V jaskynnych

potokoch na Churi tepuy sme nasli aj zatial
neidentifikované larvy z ¢eladi Baetida a Lep-
tophlebiidae, larvy posvatiek (pravdepodob-
ne rod Anacroneuria) a ploskulice. Larvy
posvatiek sme na Churi tepuy zaznamenali
vzdcne aj v chladnych pramennych tokoch.
V potoku v jaskyni Cueva Ojos de Cristal na
Roraime sme zaznamenali i pocetné larvy
rodu Jolyelmis a Oligochaeta. Pravidelnou
stcastou jaskynnych ekosystémov oboch
hor boli amfibické Orthoptera rodu Hydro-
lotus. V povrchovych tokoch sme nasli viace-
ro radov vodného hmyzu. Najpocetnejsimi
vrcholovymi preddtormi boli larvy viacerych
druhov Sidiel (Anisoptera). Na Churi tepuy
sme zaznamenali aj larvy a imdga Sidielok
(Zygoptera). Z podeniek sme v teclcich vo-
dach okrem spominaného rodu Massartella
a jedného druhu z celade Leptophlebiidae
(rod Miroculis?) nasli 2 zatial' neidentifikova-
né rody z Cel. Baetidae. V stojatych vodach
mociarov boli bezné larvy rodu Calibaetis.
Na Churf aj Roraime sme nasli larvy aj imaga
potoc¢nikov celadi Calamoceratidae, Glos-
sosomatidae a Helicopsychidae. Zazname-
nali sme larvy aj dalsich celadi potocnikov,
ktoré sa vsak doteraz blizsie neidentifikova-
li. V periodickych mldkach na Roraime sme
pravidelne nachddzali potdpnika Tepuidesus
breweri, na Churi tepuy blizsie neidentifiko-
vané Gyrinidae. Na Churi tepuy sme nasli
novy druh z rodu Roraima a pravdepodobne
viacero druhov Jolyelmis (Coleoptera, Elmi-
dae). V stojatych voddch na Churi tepuy sme
pravidelne nachddzali vodné Heteroptera
viacerych rodov a larvy komarov (Culicidae).
Larvy pakomarov (Chironomidae) boli su-
Castou prakticky vsetkych typov vodnych
ekosystémov. V stojatych aj tectcich vodach
sme nachdadzali larvy pakomadrikovitych (Ce-
ratopogonidae). Kuriéznym vodnym bioto-
pom, typickym pre stolové hory Guayanskej
vysociny, st kréiazky endemickych masozra-
viek rodu Heliamphora. Na Churi tepuy sme
v nich pravidelne nachddzali vyvijajice sa
larvy komdrov a pakomadrikov.

Pokracovalo sa v geologickom vyskume
na zdklade poznatkov z predchddzajicej
expedicie v roku 2007. Na zaklade konzul-
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tacii so svetovymi expertmi na pieskovcovy
kras sme objektivizovali tdaje o tvrdosti
a odolnosti hornin pomocou terénneho me-
rania Schmidtovym kladivom. Uz predbezné
vyhodnotenia v teréne ukdzali, ze skutoc-
ne existuje silnd zavislost medzi tvrdostou
hornin a horizontmi, kde sa tvoria jaskyne.
Piescité sedimenty priamo v horizonte jaskyn
ukazovali niekolkondsobne mensie hodnoty
tvrdosti, nez napriklad horniny v ich nadlozi
alebo podlozi ¢i nahodne vybrané merania
v teréne. Subjektivne hodnotenia vyskumni-
kov z roku 2007 takto dostali presné Cisel-
né vyjadrenie. Tieto terénne merania viak
neukazuji, ¢o sposobuje znizeni odolnost
hornin. Doterajsi model arenizdcie, ktory za-
viedol Martini (1979) a ktory rata s rozpusta-
nim kremitého tmelu a uvolfiovanim piesko-
vych zin, sa ukazuje ako nesprdvny. Kremen
je rozpustny najmd v alkalickej vode, kym
pH vod na stolovych horach vo Venezuele
je vzdy mensie ako 7. Ukazuje sa, Ze tvorba
jaskyn prebieha v horizontoch, ktoré neboli
takmer vobec litifikované, kedze ich pred
diagenetickymi fluidami chranili nepriepust-
né horniny v nadloZi a podlozi. Dalsim vy-
znamnym faktorom je zrejme lateritizacia ilo-
vych minerdlov (najma kaolinitu), ktoré tvoria
matrix piescCitych sedimentov v niektorych
horizontoch. Lateritizacia dobre prebieha
pdsobenim kyslych vod a predpokladdme,
ze jej vysledkom okrem uvolnovania piesko-
vych zfn je aj pritomnost cerveného bahna
(,barro rojo”). Pracovnd hypotéza teda hovo-
ri o tychto dvoch najdélezitejsich faktoroch,
ktoré ovplyviuji tvorbu jaskyn na venezu-
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elskych stolovych hordch. Na overenie tej-
to hypotézy boli z kazdého miesta merania
odobraté aj vzorky hornin, ktoré sa v stcas-
nosti podrobuji laboratérnym meraniam in-
Zinierskogeologickych vlastnosti a porozity.
Nasledne budu tiez vyuzité na detailny pet-
rograficky vyskum. Stidium na rastrovacom
elektronovom mikroskope nepreukazalo
nijaké naleptavanie kremena a kremennych
tmelov. Naopak potvrdilo pritomnost kaoli-
nitu v pieskovcoch. Kaolinit, ako aj goethit
(jeden z vysledkov lateritizdcie) sa dokdzali
aj pri difrakénej rontgenovej analyze bahien
4barro rojo”.

Na expedicii sa vo velkej miere zbierali
aj biologické vzorky z povrchu speleotém, ja-
viacich biogénny povod. Vzorky z roku 2007
sme sa pokdsili kultivovat beznymi biologic-
kymi metédami, avsak neidspesne. Mikréby,
ktoré tvoria speleotémy, patria medzi tzv. ex-
trémofily, ktoré sa nedajd kultivovat beznymi
metédami a muselo by sa prdcne napodob-
novat ich prirodzené prostredie. Tohtoro¢né
vzorky sa vSak budi skimat najnovsimi mikro-
biologickymi metédami na Technickej univer-
zite v Mnichove (Dr. Natuschka M. Lee). Z&-
kladnou je metéda hybridizacie in-situ, ktora
umoziuje urcenie skupin mikrébov aj z mik-
robidlnej zmesi odobranej priamo v teréne.
Odpada pritom proces kultivacie.

Vzorky odobrané pocas expedicie Chi-
mantd - Roraima 2009 bude spracovavat
medzinarodny vedecky kolektiv. Verime, zZe
vysledky analyz pomézu detailne desifrovat
povod vzniku a genézu rozsiahlych horizon-
talnych kvarcitovych jaskyn, ktoré st unikat-

nym a stdle velmi mdlo poznanym krasovym
fenoménom, vyskytujlicim sa prevazne v ob-
lasti stolovych hor Guayanskej vysociny. Sme
radi, Ze mdézeme svojim pri¢inenim v rdmci
medzindrodného  geologicko-speleologickeé-
ho projektu prispiet k postvaniu hranic po-
znania prirodnych zdkonitosti v tomto zabud-
nutom a neporusenom kite nasej planéty.

ZAVER

Celkovo mozno multidisciplindrnu speleo-
logickd expediciu na stolové hory Venezuely
v janudri aZ februdri 2009 zhrnit z niekolkych
hladisk - expedicia je z hladiska objavov na-
juspesnejSou speleologickou vypravou na
stolové hory v histérii ich vyskumu, siahajticej
az na zaciatok sedemdesiatych rokov. Bola
zaroven casovo najdlhSou a poctom dcast-
nikov i priestorovym a Studijnym zameranim
najrozsiahlejSou a jednym z casovo, fyzicky,
logisticky, materidlne i financne najndroc¢nej-
Sich projektov v rdmci speleologického vy-
skumu stolovych hor. Priniesla nové poznatky
o geologicko-geomorfologickom vyvoiji relié-
fu a jaskyn stolovych hor, o vzniku a genéze
biospeleotém a Zivote endemickej povrchovej
i podzemnej fauny.

Podakovanie. Nase podakovanie patri pre-
dovsetkym vietkym dcastnikom expedicie za
skvelt spolupracu a kusisko vyborne odvede-
nej prace! Vedeckd cast vypravy podporila
agentira APVV (grant ¢. 0251-07), agentdra
VEGA (grant ¢. 1/0246/08) a Ministerstvo Skol-
stva Slovenskej republiky, ktorym dakujeme.
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THE NEW RESULTS FROM INTERNATIONAL SPELEOLOGICAL EXPEDITION TEPUY 2009 TO CHIMANTA
AND RORAIMA TABLE MOUNTAINS (GUYANA HIGHLANDS, VENEZUELA)

Summary

In January-February 2009, Charles Brewer-Carias, Branislav Smida and Federico Mayoral organized an expedition with duration of almost two

months, to the underground of the Chimanta and Roraima massifs in Guyana Highlands of northern South America - southeastern Venezuela,
State Bolivar (Fig. 1). The team of speleologists and scientists consisted of 14 persons from Venezuela (GSSVCN/Grupo Espeleoldgico de la
Sociedad Venezolana de Ciencias Naturales, Caracas), from Slovakia (SSS/Slovak Speleological Society and FNS UNIBA/Commenius University,
Faculty of Natural Sciences, Bratislava) and Croatia (CSF - HSS/Croatian Speleological Federation). The longest and biggest quartzite caves of
the world were again explored during the stay, discovered by us in 2002 - 2007. Nowadays the known length of Cueva Charles Brewer is after
connection with Cueva del Diablo Cave 7.5 km and the Cueva Ojos de Cristal cave system, enlarged in 2007, with known length by now more
than 16.1 km. Besides standard speleological exploration, topography and photodocumentation also focusing on complex evaluation of natural



Dokumentacia, ochrana a vyuzivanie jaskyn 62 ﬂ[ﬁ@g@mﬁﬂ ﬂ@/ il

phenomena, survey, measurement, sampling (rock material, biospeleothems, water, minerals, microbiological and biospeleological material) was
realized and even new big cave sites on Churi tepuy were discovered.

During 8 expeditions of international team of speleologists to the table mountains Chimantd, Roraima and Kukenan since 2002 to 2009 about
40 km of quartzite caves were discovered. 16.14 km long Cueva Ojos de Cristal Cave on Roraima Mountain represents the longest cave in silicic
rocks in the world and simultaneously the second longest cave in Venezuela. Cueva Charles Brewer Cave on Macizé Chimanta Massif is the most
spacious cave in quartzite karst and one of largest caves in the world. In 2009, the connection between Cueva Charles Brewer and Cueva del
Diablo was achieved and the length of the cave system reached to more than 7.5 km.

During the expedition in 2009 more than 8.5 km of cave passages were explored. The largest cave named Cueva Colibri (The Colibri Cave)
is 4 km long and starts in the abyss which is about 300 m long, 100 m wide and 120 m deep. The cave is formed by 3 huge branches where the
average width of galleries is about 20 to 30 m. A large labyrinth of smaller river channels is formed there, too. The system has 6 entrances; 4 of
them are situated directly on the outer, 500 m high wall in the northern corner of the tepuy. The largest entrance is formed by 100 m wide portal,
partially covered by giant fallen blocks. In the cave, several until now not described forms of biospeleothems and mineral aggregates were found.
The Cueva Colibri is now the 4" longest and 2nd volumetrically largest quartzite cave in the world. The next cave, Cueva Juliana, discovered
in 2007, was prolonged up to 3 km. For the first time in quartzite caves the standard digging methods were applied. In this cave, giant forms of
champignon-type biospeleothems were recognized with diameters up to 1 m. Similar huge biospeleothems and sanjuanite mineral aggregates
are localized also in Cueva Zuna, which was mapped to the length of 2.52 km. Other very important result of the expedition was the discovery
of the connection between the Cueva Charles Brewer and the Cueva del Diablo (The Devil 's Cave) to one common system with actual length
of more than 7.5 km. The newly discovered Cueva Yanna is 1.08 km long with a potential to connection with Cueva Juliana. Some other smaller
caves were found, too. The entire actual length of the cave systems of Chimanta is more than 20 km.

Simultaneously with the classical speleological exploration, scientific investigations were performed by a scientific team from the Comenius
University in Bratislava. Geological, geomorphological and biological conditions were investigated repeatedly in the underground and on the
surface, water samples were analyzed and also microclimatic conditions were evaluated.

The expedition Venezuela 2009 aimed at continuation of geological research on the basis of the data obtained during the previous expe-
dition in 2007. Based on earlier consultations with distinguished sandstone karst experts, the data on the rock hardness were objectified using
Schmidt’s hammer. The preliminary data showed that there is a real dependence between the rock hardness and bed horizons in which the
sandstone caves form. The sandy sediments directly in the cave horizon showed much lower values of hardness than for instance the overlying
or underlying rocks, or rocks randomly measured in the field. Hence, the subjective evaluations of the researchers from the year 2007 got exact
numerical expression. However, these field measurements do not show the reason which caused the lower hardness and resistivity of the rocks.
Presently used model of arenization, introduced by Martini (1979), which involves quartz cement dissolution and release of sand grains appears
as incorrect. Quartz dissolves mainly in alkaline waters, whereas pH of the water on the Venezuelan tepuis is always lower than 7. Our results show
that the speleogenesis tooks place in the horizons which were unlithified or only poorly lithified, because they were sheltered from the diagenetic
fluids by the impermeable overlying and underlying rocks. Another important factor is lateritization of clay minerals (mainly kaolinite) which form
matrix of the sandstones in some horizons. Unlike quartz dissolution, lateritization runs well in acidic conditions. We suppose that it results not
only in release of sand grains but the lateritic products also form the well-known red mud (“barro rojo”) which forms at many places in the caves.
The working hypothesis then says that these are the two main factors influencing speleogenesis on the tepuis. To verify this hypothesis, every
measured place was sampled. The samples are being processed in the engineering geology labs. Later they will be used for detailed petrographic
research. The SEM study already showed that there is no etching of quartz or quartz cements. Instead, they confirmed presence of kaolinite in the
sandstones. Presence of kaolinite, together with goethite (one of the lateritization products), was also verified by the XRD analysis of “barro rojo”.

Extensive sampling of speleothem surfaces was also carried out during the expedition. The samples from 2007 were tentatively cultivated
by usual biological methods but they failed. The microbes forming the speleothems belong to so-called extremophiles which are difficult to be
cultivated by normal methods. Their cultivation requires time-consuming and laborious creating of a special imitation of the natural environment
in which the microbes live. The new samples were therefore sent to the Technical University in Munich, Germany (Dr. Natuschka M. Lee) where
they will be treated by modern microbiological methods, such as in-situ hybridization which enables determination of microbial groups even from
a microbial mixture sampled in the field. The cultivation process is then unnecessary.

Within geochemical field exploration during the two expeditions in years 2007 and 2009 41 water samples were collected from surface and
underground streams, lakes, swamp pools, cave wall dripping waters and springs on the Mt. Roraima and the Churi tepuy. As a part of field works
pH and conductivity measurements were performed. The water samples were filtered through filters with 0.45 um mesh. Colorimetric measure-
ments of Fe, SiO, - Si, Al, PO,* - P and NO, - N concentrations were performed using the Merck Spectroquant®Multy portable colorimeter. The
range of the measured parameters was extended by Mn and NH,* - N content in 2009.

The water chemical composition of the studied region is influenced by several processes: rock-water interactions, organic detritus decompo-
sition, evaporation and also the chemical composition of the precipitation water. The weak quartz solubility is causing extremely low conductivity
values measured in the water (minimum measured value is 2 uS.cm™, maximum 28 uS.cm™). Typical low pH values measured in the water are
caused by weak neutralization capacity of the quartz dissolution reaction as well as the plant detritus decomposition processes producing dif-
ferent organic acids. Presence of the organic acids is manifested by typical yellowish to reddish color of the water. The measured pH values lie
within the interval 3.3 to 5.64.

Hydrobionts, mainly macrozoobenthos, were sampled during several visits of Venezuela, 8 times on Roraima and it’s surroundings,
4 times in the surroundings of Auyan tepuy - Carrao and Churin river and their tributaries. A systematic sampling was realized on Chur{
tepuy During January - February 2009. The samples were categorized into the taxonomic units in the laboratory and nowadays, the deter-
mination mainly of Ephemeroptera and beetles from fam. Elmidae is in progress. New species from the genus Jolyelmys and Roraima were
discovered and will be described. Within the bounds of hydrobiological research we sampled many types of water habitats. The macrozo-
obenthos assemblages were much richer on Churi tepuy, which is about 400 m lower in comparison with tepuy Roraima. The surface of
Churi tepuy is also covered by lush vegetation. Mayflies of the genus Massartella were recorded in spring streams and caves on both of
tepuis. In Churi tepui other four mayfly species belonging to the fam. Betidae and Leptophlebiidae were captured. Stonefly nymphs (probab-
ly Anacroneuria sp.) were sampled in cold karst springs. These records can be probably considered the first records of stoneflies in tepuis.
The amphibian Orthoptera Hydrolotus sp. was common component in cave ecosystems in both tepuis. Many orders of aquatic insects were
found in surface streams; nymphs and imagoes of Anisoptera, and imago of Zygoptera. In streams we recorded besides Massartella sp. also
other species from fam. Leptophlebiidae (probably from the genus Miroculis) and 2 unidentified species of Beatidae family. The nymphs of
Calibaetis sp. were abundant in stagnant water of swamps. On both tepuis we found Trichoptera fam. Calamoceratidae, Glossosomatidae
and Helicopsychidae and other still unidentified Trichoptera. In the periodical waters on Roraima dytiscid Tepuidesus breweri was abundant.
Gyrinidae were common on Churi tepuy. On Churi we found a new species of Roraima sp. and some species from Jolyelmis sp. (Coleoptera,
Elmidae). In stagnant water on Churi we recorded aquatic Heteroptera and grubs of mosquitos (Culicidae); midges (Chironomidae) and Ce-
ratopogonidae were found in all types of aquatic ecosystems. Culicidae and Ceratopogonidae were steadily recorded also in curious aquatic
habitat - in jugs of carnivorous plants Heliamphora sp.



