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1. Uvod

Termalne in mineralne vode so del naSega naravnega bogastva. Liudje
so Ze zgorai spoznali njlhovo zdravilno vrednost. Po izkopaninah rim-
skih kopalidkih napray v Rimskih Toplicah sklepamo, da so se tam ko-
pali Ze Rimljani. Podobno velja za Rogadke Slatino, ki je pozneje, zlasti
vy 17. stoletju, zaslovela po svojih mineralnih vrelcih. Radensko slatine
pa so odkrili leta 1833.

Voda je bila dolgo zajeta le s plitvimi vodnjaki; vetkrat so za to upo-
rabili kletne prostore zdravilizkih stavb. V takem stanju so bila zajetja
nadih termalnih in mineralnih vrelcev 3e veé let po drugi svetovni vojni.

Termalai in mineralni vrelel se pojavljajo v dolineh rek in potokov,
zuto je priflo v plitvih zajetjih do vpliva podtalnice. Znizevala se je
temperatura tople vode in poslabZala kvaliteta mincralne vode, Upadala
j¢ kolidina dobre vode, ponekod slalno, drugod ohdasno pri visokih
vodostajih.

Dotrajanost plitvih zajetij je dala poved 2a prid¢etek naértnih raziskav
primarnih vedonosnih horizontov v vedji ali manjéi globini zunaj vpliva
povriinakih toknv in podtalnice,

Po raziskavah lcta 1452 so 2z glabijim zajet]em redili nadalinji obstoj
Rogaske Slatine. Vodil jih je J. Baé in uporabil pri raziskavah in zajetju
mineralne vode strojno vrtanje, Pryo globoko zajelje lermalne vode pa
je vodil avtor leta 1857 v Categkih Toplicah. Nato so siedile hidrogeolotke
raziskave drugih pomembnih termalnihh in mineralnih vrelcevy v Slove-
nijl in trajajo Se danes.

Raziskave v preteklih dveh desetletjih nisn napredovale povsod do
take stopnje, da bi hila vsa problematika dokoneno refena. V zafetku
8o imele le najnujnejfi obseg. Po letu 1863 je zanimanje za raziskave
termalnth in mineralnih vrelcev v Sloveniji naraslo zaradi uvajanja
zdravstvenega turizma in nara¥anja potrodnje mineralne vode.

Osnovne hidrogeolodke raziskave so bile apravljene v Dolenjskih
Toplicah, Smarjeskih Toplicah, La¥kem. Rimskih Toplicah, Dobrni, To-
polsdici, Trbovljah, pri Podeetrtkn, na Bledu, pri Pirnitah in v Nuskovi.
Bolj detajino so bili raziskani vrelei v Catcgkih Toplicah, Radencih in
Rogaski Slatini (s1. 1}

Treba je poudariti vloge Sklada Borisa KidriZa, ki je 2 sofinanelira-
njem in kreditiranjem bistveno pripomogel k raziskavam za cobnovo
termalnih in mineralnih vrelcev v Sloveniji.

2. Splosne karakteristike ne3ih termalnih in mineralnih vreleev
in niihova regionalna porazdelitev

V Sloveniji imamo dva tipa termalnih vrelcev, ki se lodita po na-
stanku ter fizikalnih in kemi&nih lastnostih. Prvega predstavljajo znani
termalni izviri, ki pritekaje na pevrije iz dolomita in apnenca e daljdu
dobo in jih imemo tako reko zg& trajne. V urejenin zajetjih sta njihova
koliina in temperatura konstantni Vscbujejo do 0.5g/1 raztopljenih
mineralnih shovi. Nizka vsebnost raziopljenih mineralnih snovi in nji-
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hova konstantna sestava kafeta na podeemeljsko virkuiacijo vode, ki
pronica v globino s povrija, se zaradi geotermidne energije scgreva in
pritcka navadne po razpokah ali zdrobljenih conah ob prelomih hazaj
na povrije kot termalni vrelci. Pri raziskavah teh termalnih vrelcev
sma ugotovili, da se izviri z vidjimi temperaturami pojavljnjo v bliZini
globokih prelomov, vifina temperature pa je odvisna od ragseinosti
termalnih con, litolodke sestave in lege vodonosnih horizenlov ter nji-
hove izolacije proli povriju. Tam kjer prihajajo vodonasne karbonatne
kamenine nua povrije, se topla voda v plitvi coni ohlaja zaradi stika
s povrainskimi vodami in atmosfero. Navadno sega vpliv razhlajevanja
globlje od cone letnih femperaturnih gibanj, kar je odvisne od razseino-
sti poroznih con in njihove prepustnosti. Porozne cenc so navadno
prepojene s hladno podtalnico. Zato imamo poleg glavhih termalnih
izvirov z najvidjo temperaturo stranske ali divje izvire, katerih tem-
peratura je vlasih tudi za nekaj deset °C niZja od temperature glavnega
izvira.

Hladna podtalnica, s katero sp prepojene porozne cone Na primer
v dolemitu, wvzdriuje piezometritno gladino termalnim izvirom. Ter-
malna voda priteka iz globine v najbolj prepusinih delih poroznih con.
Od pierometritne gladine hladne podtalnice je odvisna izdatnost ter-
malnih izvirov na dolodeni koti. Zaradi nizke povpretne vrednosti koefi-
cienta prepustnosti v dolomitu {k = 1.10~* cmfsek) letne spremembe
koli¢in termalnih izvirgv v dolomitu ne presegajo 10%o To velja za
naravni dotok termalne vode na povrije. Z vedio globino zajetia ter-
malnih voda povriinski vplivi prenchajo.

Drugi tip predstavljajo termomineralne vade, ki so jih navrtali pri
iskanju nafte v Moraveih, Petifovcih in Banovcih. Vsebujejo do 10 gflit
raztopljenih mineralnih snovi. Akumulirane so v potroznih peltenih pla-
steh mlajdcga terciarju. Njihovo ovhnavljanje je moZno le tam, kjer pri-
hajajo porozne plasti na povr3je, Zato se pri tem tipu vode bolj stroga
postavlja vptasanje racionalne uporabe na podlagi realno ocenjenih izko-
ristljivih zalog.

Mineralni vrelci se pojavljajo v obrobnih delih Prekmurja, v Sloven-
skih goricah in v okolici Roga$ke Slatine. Mineralhe vade so v bistvu
povriinski izviri termomincralnith voda. To dokazujejo temperature mi-
neralne vode, zajete v globljih vritnah. V okolicl Rogafke Slatine in
Radinec so bile v globini 300 m do 800 m izmerjenc temperature 30¢ do
40 *C. Izviri mineralne vode na povriju imajo navadno srednjo letne
temperaturo okolice. Zaradl majhnih kolitin, najved nekaj 10 ‘min, in
padasnega toka se tnineralna voda na svoji poti proti povr$ju ohladi in
prevzame srednjo Jetno temperaturc okolice.

Na sl. 1 vidimo, da je najved mineralnih in termalnih vrelcev v seve-
rovzhodni in centralni Sloveniji.

3. Termalni izviri v karbonatnih kamenlonah

Termalni vrelct v karbonatnih kameningh so v tesni zvezi s tek-
tonsko 2gradbo okolice, Glede na to jih delimo v ved skupin.
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3.1. Termalni vrelci © Ljubljanski in Rudovljiiki koflini

Skupna znadilnost termalnih izvirev te skupine je, da pritekajo na
povesje ob stranskih plitvih prelomih, navadne ve¢ kilometrov vstrun
od glavnih prelomov in da imajo nizko temperaturo 19* do 23 °C. Nizka
temperatura je posledica nizkega geotermidnega gradienta ali pa se
topla voda mesa s hladno podtalnico pred dotokom na povrsje. Cirku-
lacija vode lahko sega tudi v ve&jo globino, vendar je temperatura vode
kljub temu nizka. To so pokazale raziskave na Bledu, kjer je bila Sele
v globini 550,0 m izmerjena temperatura 19°C. Torej je na Bledu geo-
termi¢ni gradient ni%ji od puvpredka. Nizka temperatura izvirov kuie
prej na nizek geotermiini gradient in nizke primarno temperaturo izvi-
rov te skupine kakor na vpliv hladne podtalnice.

Razen blejskih termalnih izvirov spadajo v 1o skupino Se izvirl
v Zgornji Besnici, Spodnjih Pirni¢ah pod Smarno goro, pri Hotavljah
v dolini Kopaénice in Furlanuve Toplice pri Vrhniki. Glavne podatke
o termalnik vreleth te skupine ka2e tabela 1.

Tabela 1.
Termalni vrelet v Ljubljanskl in Badovljifki kotlini
Temperalura Kclidina

Lakaclja vrelea °C Q lisek Vedohosnik
Eled 18—22 12—14 doiomit
Zgornja Besnica 21 1,6—2 dojomul
Spodnie Plrolde 18.5—23 58 dolomil
ilotavlje 2 5 dolomit
Furlanove Topilee pri Vehniki 2R 15 apnener

Osnovne razlskuve so bile apravliene le na Bledu in v Spodniih Pirnidah.

3.9, Termalni izviri v vzhodnem podelilku Karavenk

Termalni izviri druge skupine pritekajo na povrje ob stranskih pre-
Jomih med Zodtanjskim in smrekovikim prelomom. Imajo v povpreéju
vi§jo temperaturo od vrelcev prve skupine (tabela 2).

Zahodna dva izvira, Topolidica in Dobrna imata viijo termmperaturs,
Ker se pojavliata na kontaktu neprepustnih terciarnih kamenin s triad-

Tabela 2.
Termalni vreeldd v yzhodaem podaljiku Karavank
Temperatura Kolifina
Loxecija vrelca °C Ql'sek Vudonosnik
Topolidica 2831 28 apnenec
Dobroa 35,6—36 0,5—8 apnenec
Stranice 21 20 dolomit

Zhelavo 18,6 45 dolamit

Osnovre raviskave so bile izvriene v Topalddic In Nobrai.



nim apnencem in dolomitiziranim apnencem. Izvira pri Stranicah in
Zbelovo pri Poljtanah sta po svojih karakteristikah podobna fermalnim
vrelcem prvc skupine.

3.3. Termalni vreici v Posavskikh gubah

Tretje skupino predstavljajo termalni vrelei v Posavskih gubah.
V severni mejni coni med Posavskimi gubarni in predgorjem Kamnidkih
Alp sta termalna izvira Vascno pri Selah v Tuhinjski dolini in Podlog
pri Senipetru v Savinjski dolini. Vsi ostali in obenem glavnl termalni
vrelci pa se pojavljaje vzdolZ lagkega sinklinorija. Od zahoda proti vzho-
du si sledijo: Medijske Toplice, Trbovlje, Rimske Toplice, Ladko in Pod-
Setrtck (tabela 3).

Tabela A.

Termalnl vrelel v Tozavakih gubsh

Temperatura Kolitina

Lokacija vrelca (> Q lisek Vodonosnik
Vaseno 2128 15 dolomit
Padlog 16—21 5—18 apnenec ‘dolomit
Medijske Taplice 21---23 € dalomit
Trbovlje a2 12 dolomit
Rimske Toplice 38—41 i delomit
Lasko 34,3—39,5 18 dolomit

Pcdéeirtek 3437 25 dolomit

Osnovne hidrogeclofke raziskave so bile vpravijene v Trbovijah, Rimskih
Teplicah, Latkem in Poddetrtku.

34. Termalni vrelci v dolini Krke
Vetina izvirov v dolini Krke priteka na povrije na njenem desnem
bregu v podnoZju Gorjancev. To so Dolenjske Toplice, Topliénik pri
Kostanjeviel, Budeda vas in Catedka terma. Le termalna izvira v Smar-
ie3kih Toplicah in pri Kleveviu sta na levem bregu Krke (tabela 4).

Tabela 4.

Termalnd vrelel v dolint Krke

Temperatura Koli¢ina
lLakacija vrelea el Q1'sek Vodonosnik
Dolenjske Toplice 32—384 20—21 apnenec;/dolomit
Smarjeske Toplice 28—34.5 4G dolumit
Klevevi 22 a dolomit
Toplidnik pri Kostanjeviel 21—2@ 30 apnenec/dolomit
Budeda vas 26—28 30 apnenee;dolomit
Cateske Tuplice 57—64 116—120 dolomit

Orientaci)sko so bile raziskane Doleniske Toplice in Smarjetke Toplice ter
Topli?nik pri Kostanjevici, detajino pa Cateike Tuplive,
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4. Pregled hidrogeoloZkih raziskay termalnibh vreeleev
v karbonatnih kameninsh

4.1, Bled

Do Icta 1958 smo na Bledu merili kolidina vede in temperaturo izvira
v hotelu Toplice in stranskih izvirov v okolici, Merityam je sledilo leta
1958 vrtanje 4 plitvih raziskovalnih vrtin, poskusno érpanje in termo-
sordiranje. Leta 1967 in 1868 smo vrtali Se 8 plitvih in 1 globoko vrtino,
«i je segla do globine 587,60 m. Zadela je na duloke lermalhe vode v glo-
bini 546,0 m do 568,0 m, kjer je bilo zajeto 7Llisek s temperaluro 19°C.

QOkolica Bleda sesloji iz permskih, triadnih, terciarnih in kvatarnih
kamenin (ilohoka raziskovalna vrtina je pokazala naslednjc kamcnine
in njihove navidezno debelino:

do 60,00 m kvartarne jezerske in ledenifke sedimente, do 106,00 m
oligocensko sivieo in do 54600 m siv dolomit. Do globine 577,60m je
siedil temno sivi apnenee, kjer je bil glavni dotok termalne vode, in nato
do konénc globine 587,60 m temmno sivi dolomit. Zanimiva je oligocenska
sivica v vrtint; v okolici Bleda sivice ni na povriju, ker jo povsod prekri-
vajo kvartarni scdimenti.

Okolico Bleda sekajo §tevilni prelomi s smerjo severozahod-jugo-
vzhod. Ob enem ad teh prelomov si je utrla termalna vada pot do po-
vrija. Verjetno je zadela nanj tudi globoka vrting, na kar kaZe intenziv-
no razpokan in zdrobljen dolomit in apnenec.

V okolici termalnega izvira v hotelu Taplice 1mamo dva vodonousna
henzenta, v katerih se pojavlja termalna voda, Plitvi horizent so kvar-
tarni jezerski sedimenti z manj¥imi kaoli¢inami termalne vode v progu.
Iz teh plasti se drenira termalna voda v ved izvirov manjse izdatnosti na
povriini okoli 15 ha. Najvisja temperatlura 21.59C je bila v Staretovem
vodnjaku,

V plitvi horizonl doteka termalna veda iz trizdnega dolomita, verjet-
no na meji z oligocensko sivico.

42 Pirpice pnd Smarno goro

No lela 2972 so ohdasnoe merili koliéine in temperature izvira, Podatki
teh meritev navajajo pretok f do Rl/sek in temperature 18 do 23*C.

Leta 1972 smo izvrtali 3 orientacijske vrtine, ki so pokazale, da dote-
ka termalna vada iz globine ob koniaktu triadnega dolemita z neprepust-
nim terciarnim laporjem. Nosilec terme je prelom s smerjo severozahod-
jugovzhed. Najvi$ja temperatura je bila izmerjena v vrtini V-2/72, n
sicer 20,5°C, kar je za 2,6*C manj od izmerjene lemperature izvira
v izjemni sudi leta 1971, Take razmere kaZejo, da se termalna voda pred
datokom na povrije meda s hladno v plitvi coni in da predstavljajo izvin
mesano vodo. Zaradi bliZine Ljubljane bl kazalo raziskave nadaljevati
in logiti z zajetjem termalno vodo od hladne.
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4.3. Topolitica

Raziskave so se pritele leta 1970, Izdelana je biia pregledna hidro-
geaolodka karta okolice termalnega izvira v merilu 1:10.000. Vxpuredno so
tekle meritve in opazavanja vsch izvirov na ozemlju, ki ga je zajelo
hidrogeoloske kartiranje. Tako je bila ugotovljena pretodna kolidina ter-
malnega izvira, ki znada pri srednjem vodostaju najmanj 30 Usek s tem-
peraturo 30,5 °C.

Raziskavam na povriju je sledilo 5 vrtin, ki sn dale podatke o geo-
logki zgradbi blinjega zaledja termalnega izvira in nakazale hidrogeo-
lo$ke razmere v globini do 220 m.

Naknadno smo leta 1971 barvali poziralnike ob potoku Strmina na
koti okoli 500 m. Barva se je pojavila po 45 urah v blitnjem hladnem
izviru, po 70 urah pa zelo razveddena tudi v termaulpem izviru. lzvirs sta
oddaljena od poZiraintka 1,1km pri vidinski{ razliki 130 m.

Okolica termalnega izvira v Topolddici sesto’i iz sedimentov kvar-
tarja, tereiarja, triade in mlajega paleczoika. Kvartarni pesck, prod in
meljna glina zapoinjujejo deline potokov, na strmih pobedjih so melidéa
grulda.

Terciar zastopajo pliocenske usedline in oligncenska laporna glina
{sivica) z vlozki andezitnega tufa. Vefjo povrEino zZavzemajn pliocenske
lignitne plasti Saleske doline.

Triadni apnenci, dolomiti, skrilavei, apnenci z rofenci in konglome-
rati so hidrogeolofko pometnbnej§e kamenine. Apnenci in dolomiti pred-
stavljajo glavni vedononsni horizont termalne in hladne vode v okolici
Topols&iee.

Paleozoik je razgaljen v posameznih izdankih. Permu pripada siv
apnenec, ki ga spremljajo konglomerat, kremenov pesdenjak in skrilavec,
katbunu pa glinasti skrilavee in kremenov konglomerat.

Termglna voda v Topolddici izvira ob prelomnem kontakiu terciarnih
slabo prepustnih in ncprepustnih plasti 5 triadnim apnencem. Termalna
veda priteka na povrije po razpokeh, ki potckajo pre¢no na glavni
ptelom.

V plitvi coni je v neposrednem zaledju termalnega izvira apnenec
zakrasel. V njem je termalna voda v stiku s hladne vodo. Zaradi takih
hidrogeolo3kih Tazmer niha temperaturs termalnega izvira od 28 do
31 %,

Raziskovalne vrtine so pokazale kaverne, delno zapelnjene ¢ glino.
Termalne voda se pretaka iz globine le v dolodeni coni. Termalni izyir
na povriju je medana termalna vods. Primarne termalne vode vriine
niso nadle, to bo glavna naloga nadaljnjih raziskav, ki bodo morale posedi
v vedjo globine.

44, Dobrrg
V letih 1963 do 1868 je bila izdelana hidrogeoloska karta v merilu
1:5000. Nato je bilo ijzvrtanih 6 vrtin, globokih 12000 m do 65040 m.
Pred pri¢etkom raziskav je bila s poskusnim érpanjem dolodena kolitina
termalne vode v starem zajetju zdravilidéa. I vodnjaka prteka v od-
visnosti od zunanjih vplivov 588 1sck do 6,64 Lisek termalne vode nha

12



prelivni koti 367,3m s temperaturo 36 °C. Razen tega je pritexala ter-
malna voda $e v pokriti hazen, in sicer 1,9 l'sck. Raziskovalne vrtine
so dale naslednje podatke: v wvrtini V-1, locirani tik ob ZdraviliSkem
domu severpzahodno od vodnjaks, je bil v globini 0,00 m do 17500 m
apnenec. Na vodonhosne razpoke je zadela vrtina Zze v globini 2,35 m, ki
50 bile v neposredni zvezi s pokritim bazenom, kjer je izplaka skalila
vodo.

Termalna voda je dotekala na odseku 250 m do 50,00 m in v globini
138,00 m. Med vrtanjem v odseku 11,00 m do 30,00 m se je termalna voda
v zajetjiu mofno kalila, obenem se je zniZfala temperatura, kar kaze na
zvezo med vrtine V-1 in vodnjakom. Rahly se je skalila termalna voda
v zajetju tudi ko je vrilina dosegla spodnji dotok termalne vode v globini
138,00 m. S poskusnim érpanjem so bile doloZene kolidine in temperatura
termalne vode v obeh vodonosnih odsekih vrtine. .

Vrtina V-2 je bila locirana 30 m vzhodno od vndnjaka z namenotn,
da bi ugotovili debelino neprepustnega lapornega pokrova nad apnencem
in morebitne dotoke termalne vode. Vrtina je zadela na apnenec v glo-
bini 26,0 m. Do konéne globlne 120,00 m ni bilv nubenega dotoka ter-
malne vode v vrtino, pad pa je z globlno narasfala temperalura, ki je
hila pri konéni globini 26,1 °C. To kaZc na visok geotermilni gradient (na
1°C okoli 12 m} in na bliZine termalne cone v globini. Razpoke v apnen-
cu so bile zepolnjenc z rumenkasto pesteno glinu, Sledove take gline
smo nasli v vodonosnih razpokah v ostalih vrtinah, iz ¢esar se da skle-
pali, da je rumenkasta peitena glina sediment termalne vode.

Lokacija vrtine V-3 je sledila po podatkih vrtin V-1 in V-2 17m
juino od vodnjaku na notranjem dvoristu Zdravilidkegs doma. Nepre-
pusien pokrov kvartarne meljne gline in miocenskega pedbenega laparja
ja segal do globine 16,70 m, nakar je sledil apnenec. Prvi datok termalne
vode je bil v globini 82,00 m v kavernoznem apnencu. Frepustna razpo-
kana in delho kavernozna cona j¢ sepala do glubine okoli 95,00 m. Po-
skusno Brpanje in termosondiranje je pokazalo najvitjo temperaturo
34 °C v globini 82,00 m.

Vrtina V-4 je bila locirana okoli 12m severozahodno od vrtine V-1,
Pod 3,00 m debelo plastjo meljne gline je zadela na apnenec, ki je scgal
du konéne globine 120,00 m. ¥ vrtini ni bilo dotokov termalne vede, pat
pa so bili v globini 6,10 m do 21,40 m doieki hladne vade s temperaturo
10,5°C do 12 'C. Termosondiranje je pokazalo v globini 3,00 m tempera-
turo 12,5°C. Do globine 113 m je temperatura cnakomerne naraiéala in
dosegla ha dnu vriine 30,9 °C.

188 m juguzahodno od starega zajetia so izvitali vrtino V-5. Ceprav
je bilo njenc ustje v ncposredni bliZini apnenca, je do konénc globine
260 m ostala v peifenem laporju.

Namen vrtine V-6 je bil, dobiti podatke o hidrogeclodkih in geater-
miénih razmerah v vedji globini. Oddaljena je bila le 45m od wvrtine
V-3, v kateri s¢ je temperatura vode najbolj priblizala temperaturi vode
v vodnjaku. Poteknla je skoz peBtenjak in peiten laper, oligocenski
apnenec in triadni apnenec 7 redkimi polami dolomita. Presenetljive po-
datke je dulo termosondiranje, in sicer je bila v globini 200 m izmerjena
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temperatura 45°C. Med é&rpanjem 4 Vsek iz globine 150m do 320 m je
bila izmerjena temperatura 38,5°C pri depresiji 20 m.

Okolica Dobrne scstoji iz kvartarnih, terciarnih in triadnih kamenin.
Debelina kvartarne meljne gline z redkimi prodniki znasa 3.5 m do 85 m
Najvedjo debelino dose¥ejo kKvartarni sedimenti v dolini petoka Toplice,
v stranskih grapah pa so tanjsi.

Torciacju pripada pefdeni lapor, kremehov pedenjak s prehodom
v tufit, apnenec z ostanki ostrig in andezit s tufi. Pedécni lapar tyori
gritevje severno in severovzhudoo od termalnih izvirov, Peéteni lapor
meji na kremenov pesdtenjak, ki sestojl iz zrn kremena s kaleitnim vezi-
vom; Kot primes s0 v pe3tenjaku zrma sljude, klorita in vulkanskega
pepela. Kremenov pedtenjak obdaja 2 juine strand oligocenski in triadni
apnenec, ki tvori vzpetino Kurjek. Triadni in oligoeenski apnence sta si
zelo podobna, zato je bilo posebno v vriinah tezko doloditi kontakt med
nfimna. Lodita se le po tem, da vsebuje oligocenski apnenec lupine ostrig
in ponekod oligocensko mikrofavno.

Feateni lapor pripada v glavnem tortonu, le njegov spodnji del hel-
vetu, kremenov pedéenjak s lufskimi primesmi spodnjemu miocenu in
andezit s tufom spodnjemu mivcenu in verjetno Se zgornjemu oligocenu.
Apnenec s fosilnimi ostanki ostrig in drobnih numulitoy predstavlja bha-
zalne plasti terciarja. V podiagi terciarja je triadni apnenee.

Pri detajlnem geolodkem kartiranju sta bila v okolici Dobrme ugo-
tovijena dva preloma, ki stz va’na za dotok termalne vode na peyrije.
Starejdi prelom poleka od zahoda proti vzhadu, Na povrdju ga oznadu-
Jejo krpe oligucenskega apnenca v spodnjemiocenskem pestenjaku.
Starejéi prelom seka drugi prelom v smeri jugovzhod-severazahod: ob
njem se je pogreznilo vzhodno krile. Prelomna ploskey ie nagnjena proti
severovzhodu. Poleg teh dveh prelomov je vet manjiih prelomov in raz-
pok. Ena od razpok je v oligocenskem apnencu v neposredni bliini izvi-
rov termalne vode. Obu glavna preloma sta razkosala antiklinalo, katcre
Jedra tyvori na zahodu srednjetriadni APnénec.

Termalna veda priteka na povrije po razpokah, ki 30 ponekod raz-
sirjene v kaverne. Vodanosnik je apnenec, ki 8a z vseh strant obdajafo
neprepustne kamenine. Zalo so izviri termalne vode nastali v neposredni
bliZini kontakta mecd upnencem in pedtenim laporjem ob robu doline
potoka Toplice. Vrtina V-6 j¢ zadela na vodonosno kaverno v globini
61395m, ki je v zvezi s plitvim cejetjemn termalne vode, Tudi ostale
vriine so nakazale zvezo z obstojedim 2ajeljem, vendar je imela le voda
v vrtini V-8 enako temperaluro kot v zajetju. Iz tega sledi, da je zyeza
mcd kaverno v globini 613,95 m in zajetjem neposredna in se termalna
voda dviga zelo hitro na povrije. Najtoplejfa cona jo v globini 120 do
d20m; s termosondiranjem smo izmerili maksimalno temperaturo 45 9C.
Ker zapira neprepustna bariera peStenjaka apnenec 2 juine strani in ker
leZi najtoplej¥a cona juino od zvirov, je zelo verjetno, da posreduje
vi§jo temperaturc iz gobine prelom na julni strani termalnih fzvirov.
Najtoplejsa cona je v apnencu tilk pod peStenjakom. Kak3na je razpro-
stranjenosi najtoplejée cone in v katort globini bi bilo najbolj smotrnn
zajeti termalnon vado, bodu pokazale hodoce raziskave.
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Termalno vodo v apnencu obdaju s severa hladna voda, ki se drenira
v apoenec v neposrednens zaledju izvirov termalne vode. To kaZejo hlad-
nejsi dotoki v pokritem bazenu in temperature y vrtinab v okelici zajet-
ja. Stabilna temperatura termalne vode v zajetju kaze, da so glavni ka-
nali, pe katerih doteka termalnua voda na povrije, loéeni od hladne vode
v plitvi coni.

45, Trbovije

Pri Cementarni Trbovlje je bila 1. 1987 izvrtana raziskovalna vriina,
ki je v globini 45,0 m zadela v dolomitu na dotok termalne vode 12 L'sex
s temperature 32 °C. Vrtina je bila locirana na osnovi majhnega dotoka
vode s temperaturo 18°C v bliznjih kletnih prostorih Cementarne.

Nosilee tople cone je prelom, Ki poteka od severa proti jugu in lodi
severno od zajetja termalne vode trboveljskue premogovne kadunjo od
zagorske.

4.6 Rimske toplice

Rimsko Toplice so edine slovenske toplice, kjer izvira termalna voda
nad dnom doline, Vifinska razlika je okrog 40,0 m. Prvotno j¢ bila ter-
malna voda zajeta v dveh plitvih vodnjekih, kjer so se po letu 1956
razmere obfutno poslabiale. Piezomeiritna gladina se je znifala, kar je
imelo za posledico, 6a termalna voda ni mogta iz zajetii dotekati v kopa-
liske naprave Poslabdanje razmer je dalo povod za pridetek hidrogevlo-
zkih raziskav leta 1958. Izvrtani sta bili dve raziskowvalni vrtini.

Vrtina B-1, globoka 151,70 m, je zadela na izdatne dotokc termalne
vode v globini 64,65 m do 72,75 m in 76,70 m do 87,85 m. V vrtino so bile
vgrajene do globine 46,24 m jeklene cevi premera 113 mm in nato slepu
od 40,00 do 95,00 m jeklene cevi premera 98 mm, ki so bile v globini
obeh glavnih dotokoy termalne vode perforirane. Od globine 95,00 m na-
prej je vrtina zaruSena.

V vrtini B-2, globoki 104,30 m, so bili glavni dotoki termalne yede
v globini 48,80 m do 61,80 m in 68,90 m dv 72,80 m, torej nekoliko vife
kakor v vrtini B-1. Vanjo so vgradili jeklene cevi premera 128 mm da
globine 86,20 m. Cevi so bile perforirane od 4830 m do 8620m. 5 tem
sta hila zajeta oba glavna vedonosna horizonta in vrtina pripravljena za
érpanje.

Poskusno &rpanje je dalo v vrtini B-1 pri depresiji 1,10 m koli¥ine
450 I/min s temperaturo 39 *C. Maksimalna temperatura v vriini B-1 je
bila 41°C.

Iz vrtine BR-2 je bila &rpano pri depresiji 2,70 m 800 I/min termalue
vode s ternperature 39 °C, na ustju vriine se je prelivalo 160 ¥/min ter-
malne vode s temperaturs 39 *C, Raziskave so s¢ konfale leta 1859 2 za-
jetjem termalne vode v obeh vrtinah, Do ureditvi so priteli yodo izko-
ri$¢att z direktnim &rpanjem iz obeh vrtin,

Termalna voda priteka v Rimskih toplicah na povrije iz dolomita,
ki ga obdajajo z vseh strani neprepusine kamenine. Pomembno je zla-
sti, da je dulomit zaprt proti delini Savinje # neprepustnim karbonskim
in permskim skrllayeem. Zato je piezometri¢na gladina termalne vode,
oziroma prelivna kota sorazmerno visoko nad dnom doline Savinje.
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¥V zaledju {ermalnih izvirov je dolomit prepojen s hladne vodo. Od
nje so odvisne hidrogeoloSke razmere na termalnem obmodju. V zadnjem
desetletju se je piezomectritna gladina termulne vode znifala, in sicer
najprej v starih vodnjakih in nato v raziskovalnu-kaptainih vrtinah.
Celotni padec piezometriéne gladine od Ieta 1956 do danes znafa okoli
3,0 m; vzroke za to bo treba ugetoviti, &e hodema prepreéiti nadaljnje
znidevanje piezometriéne gladine.

Znizevanje piczometritne gladine termalne vode je v tesni zvezi
z znitevanjem gladine hladne vode, ki je akumuliranz v dolomitu v za-
ledju termalnih izvirov. Verjetno je prisla do potkodb, oziroma do zni-
zanja neprepustne skrilave bariere, kar je povzrodilo tudi zmiZanje pic-
zometriéne gladine hladne vade. Iz neposredrega padavinskega zaledja
se drenirajo v dolomit povriinske vode. Iz njh se napaja hladna podtal-
nica, ki izvaja na termalno vodo doloden pritisk, ad katerega je odviana
plezometriéna gladina termalne vode in seveda tudi izdatnost termalnih
1izviroev na deledeni koti.

Upadanje piezometri¥ne gladine termalne vode je morda delno po-
vzrotilo tudi dotrajano staro zajetje. Termalna vada je bilz zajeta v dvch
vodnjakih neposredno nad vodonosnimi razpokami v dolomitu. Pri da-
nadnji siluaciji stene vodnjakov nise vodoteste in tudi njihovi temelj
na dolomitni podlagi so dotrajani. Stara vodnjaka bi bilo treba zapiom-
birati in njunc neposredno okolico zatesniti. Na vsak nagin bo v bliZniji
bododnosti ireba poiskati vzroke upadanja piezametritne gladine, ker
ho sicer prislo do nepvpravljivih pofkodb termalrega sistema.

47, Ladko

Termalna voda pri Latkem izvira severnn od terciarre laske kadunje.
Zaradi oligocenskh skladov, ki vsebujeje premog, so okolicu Laskega
v preteklosti pogosto geoloSko preudevali. Ze v drugi polovici preteklega
staletja so prece) podrobno raziskali premogove plasti in zaradi razlage
geolodkih razmer tudi mezozojske in poleazojske sklade v njihovi
podlegi.

Termalno vodo so v Lakem prvie zajeli L 1852. To zujetje je I, 1936
dotrgjalo in ga je bilo treba rekonstruirati. Puvpreéna temperatura vseh
Izvirov termalne vode, zajetih lcta 1938, je bila 36°C, Vodo so zajeli
z vodnjukom, globokim okoli 5.0 m; skopali so ga do dolomitne podlage.
Vse jzvire fermalne vode, ki so imeli vedjo koliding, so lodeno zajeli in
ith speljali v skupen vodnjak. Tudi to zajetjc je dotrajalo. Zaradi nepo-
sredncga vplive Savinje in podtalnice ¥ kvartornem produ je ternpera-
tura termalne vode padla od prvetnih 36 °C na 34 %C. Te okolistine so
dale leta 1985 povod za detajlne hidrogeolodke raziskave. Njihov namen
je bil, zajeti termalno vodo v globini in na ta nafin smanjdati vpliv
Savinje.

V letih 1965 do 1967 je bilo izvrtanik 7 vrtin. Prve tri plitve vrtine
na} bi dale osnovne podatke ¢ ruzprostranjenesti triadnih in paleo-
zojskik plasti pod kvartarnimi naplavinami Redlce in Savinje in s tem
za lokacijo globokih raziskovalnih vrtin na prostoru voedonosnega tri-
adnega delomita,
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Vrtina V-4 je bila [aeirana 33 m severozahodno od zajetja (sl. 2). Pre-~
vitala je triadni dolomit, ki sega do globine 164,00 m, kjer je bil ugn-
tovljen prelomni kontaki s permskimi sedimenti. Glavni dotok termalne
vode je bil v globini 98,00 m do 115,00 m. Crpanje pri depresiji 0,17 m
je dalo 6 1/sek termalne vode s temperature 39%C; iako visoke tempera-
ture v Ladkem do takrat niso dosegli. Vrtina je bila kasneje urejena za
eksploatacijo. Pri depresiji okoli 1,50 m iz njc tefe 121/sek s temperatu-
1o 39,4 °C,

Vrtina V-5 jo bila locirana okoli 90 m juino od vriine V-4 in je segla
da globine 660,50 m. Na tej lokaciji 50 bili kvartarni sedimenti debeli
8,50 m, nato pa je bil v vriini do konéne globine triadni dolomit (sl. 2
Crpalni poskusl, opazovanja tempersture in meritve piezometriéne gla-
dine z naraitanjem globine so pokazali, da je odsek z maksimalno tem-
peraturo v globini okoli 125 m do 145 m, Dalje se je z globino dvigala
piezometriéna gladina od kote 217,33 m, ko je vrtina zadela na prvi do-
tok termalne vode v globini okoli 80 m, na koto 22457 m, ko je vrtina
zadela na dotok fermalne vode v globini 492,00 m. Razlika med piezo-
metritno gladine 724m je povzrodila, da se jo {ermalha voda ng koti
220,78 m prelivala écz rob opaine cevi premers 98 mm. Prelivna kulidina
je znafala 4,8 l/sck in temperatura 30,5°C.

Z vrtino V-6, locirano okoli 80 m juino od vrtine V-5, smo imeli na-
men raziskali kontakt med psevdoziljskim skrilaveem in dolomitom.
Geovlektriéne meritve so nakazale mejo med dolomitum in skrilavcem
pod kvartarnimi sedimenti. Kontakt med ohema kameninama je bil ugo-
tovijen v globini 108,80 m. Konéna glebina vrtine je bila 153,60 m.

V vriini V-7, okali 40 m jugozahodno od vrtine V-6, smo po podatkih
vriine V-5 pritakevali pod neprepusinim skrilaveem termalno vodo, ki
bi iz globine prek 350 m pod lastnim pritiskom dotekala na povr§je. Pri
naklonu kontakta med dolomitom in skrilaveem, ugotovljenem v vrtmni
V-6, bi morala vrtina zadeti na isti kontakt v globini 300 do 350 m. Toda
zadela je na dolomit Ze v globini 161,79 m in do globine 450 m ni pokarzala
pridakevanih rezultatov. S tem so bile hidrogeolodke raziskave v Iafkem
prekinjene.

V neposrednt okolici Lakkega so na povrdju kamenine, ki zaradi svoje
litolodke sestave omogofajo dotok termalne vode na povrije v dolini
Savinje. Pas karbonskega skrilavea in peééenjaka se viede od zahodz
proti vzhodu severno od termalnih izvirov. Lokalno nzhajamo ob kar-
bonu 3e krpe permskega pedfenjaka in spodnjetriadne skitske plasti.
Meja med pcrmorn in spodnjo triado %e ni tafno doloPena. V razisko-
valni vrtini je bil v globini 164 m ugotovljen prelomni kontakt med pale-
ozojskimi in triadnimi skladi. Triadni dolomit sega do navedene glabine,
pod njim pa lezi rdedi perraski peitenjak, ki prehaja v globini 260 m
v &rni karbonski skrilavee.

V okoltel termalnih izvirov je na povréju razgaljen srednjetriadni
dolomit, ki je porozen in zato kolektor termalne vode, Dolomit se razteza
od zahoda proti vzhodu v pasu, Sirokem do 500 m, ponekod pa se zoZi
na nekaj 10m ali ga prekrijejo mlajée plasti. Ob prelomih je dolomit
razpokan in zdrobljen. V glavnem je siv, so pa vmes tudi vkljudki tem-
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no sivega in rumenkastega dolomita. Zdrobljene cone so pogusthe na
puvrdjue in po podatkih vrtin tudi v globini, So nepravilno razperejene
in tvorijo neprepusine lele v razpokanem dolomitu. Dolemit prekriva
juzne od toplic oh njegovem celotnem rtobu psevdoziljski skrilavec, ki
vscbuje vioZke pesfenjaka s prehodom v tufit. Glinasti sxrilavee je ¢&rn
ih pudouben karhonskemu skrilaveu.

Psevdoziljske sklade prekinjajo Jeée in bloki kremenavega kerato-
firju in tufa. Na jufno krilo antiklinale so bile odloZene terciarne plasti,
ki se raztezajo proti zahodu v latko premegovno kadunjo.

Obmeoégje termalnih izvirov v Laskem pripada tektonski enoti Posav-
skih gub. 7 raziskavami neposredne okolice in strojnim vrtanjem je bila
dokazana glavna dislokacija, ki potcka od zahoda proti vehodu (51.2). Ob
njej se stikajo paleozojski sedimenti s triadnim dolomitom. Ker prekri-
vajo dolomil z juine strani pesfenoskrilavi psevdoziljski skladi, lahko
smatramo kompleks juino od preloma za antiklinalno krilo, kalere jedra
tvorijo severno ud preloma paleozojski skladi. Podobno seka prelom tudi
terciarne sedimente ob severnem robu latke sinklinale. Na ta naZin je
oje obmodje lermalnih izvirov vklesteno med dva preloma, s severne
in jufne strani pa obdujajo vudonosni dolomit neprepustne plasti glinas-
tega skrilavea in pesStenjaka. Tretji prelom potcka zelo verjetno vzpo-
redno s Savinjo pod najmlajdimi naplavinami, zato na povriju ni viden.
Nakazuje ga nenadna zoZitev dolomilnega pasu prav na ofjem vrelénem
abmozju. Na levem bregu Savinje je pas dolumila &irok okoli 500 m,
na desnem bregu, oziroma onstran ceste Celje—~Ladko pa s¢ zoii na
okoli 50 m.

Na tektonske smeri sever—jug in vzhod—zahod kaZejo tudi stevilre
razpoke, merjene na povrsju,

Z nadalinjimi raziskavami bo petriena ali ovriena domneva o prelomu
s smerjo sever—ijug. Bolj verjetno je, da ta prelom obsto)i, ker se odraZa
tudi v morfologiji czemlja.

Termalni izviri pritekaju na povrdje v dolini Savinje, ki predstavija
najnizjo koto v dolomitnem pasu. Ozemlje, kjer se pojavljajo termalni
izviri z razliéne temperaturo, meri nekaj 1000 m?,

Triadni dolomit zapirajo preti severu in jugu neprepusine skrilave-
peséene plasti, prati vzhodu in zahodu sc obenem z neprepusino bariern
na severu in jugu dolomit dviga in tveri kot bolj edperna karmenina naj-
visje vrhove.

Raziskovalne vrtine so pukazale, da Jahko lodimo ved termalnih ho-
rizontov, in sicer glede na temperaturv lermalne vode v globini in na
piezometritno visino.

V vriini V-4 je bil najtoplej& berizont v globini 95,0 m do 1150 m,
obenem je bil v tej globini tudi najvedjt dotok termalne vode 9 lisek
pri depresiji 1im s temperaturo 39,4°C. § termosondiranjem je bila
sicer izmerjena v tej globini temperaturs 41 °C, vendar sc termalna voda
na poti proti povréju nekoliko ohladi

Vrtina V-5 je prevrtala najtoplejsi horizont v globini 125,0m do
1450 m, kjer je bila s termosondiranjem tudi izmerjena temperalura
41°C, Temperature 38,5 do 40°C so bile izmerjene s termosondiranjem
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e do globine 280,0 m, nakar je v globini pod 350,0 m temperatura padla
na 33,3 °C; 3e danes tele iz yrtine manjde kolitina lermalne vode s tem-
peraturo 316°%C. Vrtina je ostala zacevljenu s cevmi premers 113 mm
do globine 238,50 m. Iz navedenega sledi, da je najtoplejii horizont v glo-
bini, kjer vpliv hladne podtalnice in Savinje 2e oslabi. Pod najtopleidim
horizontum pa je temperatura zopet ni¥ja, torej se primarna termalna
voda prebija proti povriju skozi hladnejSo vedo, ki jo obenem ogreva.
Razlina giobina najtoplejSega horizonta v obeh vrtinah kafe njegov
naklon preti vrtini V-5. Tz katere smeri pritcka termalna voda iz glo-
bine, je 3¢ problemati¢no; tudi vrtini V-6 in V-7 nista tega pojasnili.

Pe dviganju piecumetrifne gladine z glablne je moine razdeliti do-
lomit kol kolekior termalne vode na tri harizonte. Zgornji hotrizont je
pud neposrednim yplivom podtalnice v naplavinah Savinje in Retice.
Ta harizant sega po podatkih vrtine V-5 du globine okoli 110 m. Nasled-
nji horizont je prehodni, kjer se povriinski vpliv polagoma zmanjduje
in piezometridna gladina polagnma narakéa, Pr{ tem moramo upoitevatt
indi dviyanje gladine zaradi vgraditve cevi v vrtino do vodonusnih plasti,
oziroma prepusinej$ih con v delamitu. Prehodni horizont sega nekake do
globine 250 m. Od tod globje sledi tretji horizont, kjer se je piezomet-
rifna gladina nagle dvignila in pri globini vrtine 492 m dosegla najvisjo
koto 224,57 m ali 4,24 m nad povr§jetn.

Totnih meja med posameznimi horizonti ni mogode postaviti, ker se
verjetno spreminjajo vzporedno z vodnimi koli®inami, ki jih posreduje
termalna cona prek izvirov in zajetij nma povrijc. Dosedanje hidrogeo-
loZke raziskave %e niso dale odgovora, kakina je celotna izdatnost ter-
malnega sistema v Lafkem. Z gotovostjo moremao trditi, da je precej
vedja od sedanje kolitine. To dokazujejo izvirt termalne vode v okolici
zajetij. Hidrogeolodke raziskave v letih 1965—-1967 so nakazale, da je
na termalnem obmotju v Lastkem moZno doscdi dvoje: termalna voda
z maksimalnn temperature bi sama pritekals na povrije, &e bi bila 2a-
jeta globlje in na ustreeni lukactji, ki jo bo treba poiskati 7 nadaljnjimi
raziskavami. Zajetje na primerni lokacijli bi dajale termalno vodo
s konstantno lemperaturo, ki bi bila vidja od 38C.

4 8 Podfetrtei:

Raziskave v letih 1863 do 1887 so imele nemen urediti izvir termal-
ne vode Harina Zlaka na levern bregu Sotle. Za &irda nkolico izvira jo
bila izdelana detajlne geoludka karta v merilu 1:10100, ki je dala osnovo
2a lokacijo raziskovalnih vrtin. Po predvidenem programu so bile izvr-
tune 3 raziskovaine vrtine, V-1/65, V-2/65 in V-3/65.

Vrting V-1/65 je prevrtala kvartarne in triadne sedimente. Po 12,00 m
debeli plasti peddene in meljne gline, ki jo je v spodnjem delu zamenjal
grudt in slabe zaobljen prod pumeSan z meljem in delno z gling, jo sle-
dil triadni dolomit z redkimi vlozki skrilavea in tufita. Od globine 250 m
naprej so bili vlozki skrilavea bolj pogostni. V globini 274 m se je pridel
temen glinasti lapor. Termalnz voda se je pojavila v razlignih globinah.
Najvisjo temperaturo je imela na konlaktu kvartarnih in triadnih plasti,
in sicer 30°C. V triadnem dolomitu pa je imela temperaiuro 23 da
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23,5%C. Izvirl na povriju v okolici vrtine V-1/6§ imajo v regulirani
strugi Sotle temperaturo do 26 9C, izviri v bliZini povriinskega kontakta
med triado in naplavinami Sotle pa okoli 23 *C, kor ustreza temperaturi
termalne vade v triadnem dolomitu v wrtini V-1/63. Vrtina je bila lori-
rana na periferijl obmodja termalnih izvirov. Vanjo so bile vgrajene
cevi premera 5% do globine 60,64 m in od 60,64 m do 72,00 m cevi pre-
mera 4. Cevi so bile perforiranc od 2544 m do 66,50 m, kjer so bill med
vrianjem ugotovljeni najizdatnejéi dotoki termalne vode,

Vrtina V-2/65 je prevrtala kvartarne naplavine in v glabini 6,00 m
zndela na triadni lapor s polami peS¢enjaka. Od globine 2740 m naprej
je bil v vriini razpukan sivi dolumit. ¥V dolomitu se je pojavila voda
s temperaturo 18°C. Vrtina je bila ustavljena v glabinl 63,10 m. Nizka
temperatura dotoka vode v dolomitu je razumljiva, saj se v neposredni
blifini V-2/65 izceja iz triadnega dolomila hladna voda.

Vriina V-3/65 ng desnem bregu Sotle zahodno od izvira Harina Zlaka
je zadela v globini 11,20 m pod kvartarnimi naplavinami Solle na oli-
gocenski lapor in pod njim po vmesni zdrobljeni coni na triadni porfi-
ritni tuf v globini 2640 m, ¥ glahini 4500 m je sledil triadni daolomit
do kon¥ne globine 137,00 m.

Termalna voda se je pojavila v poroznem dolomitu fe na meji 5 pur-
firitnim fufom. Glavni dotok je bil v globini 4500 m do 7000 m in sle-
dovi termalne vode Ze v globini 105,00m do 112,00 m. Dolomit je bil od
globine 70,00 m naprej zelo zdrobljen, zato je bila kasneje z vgraditvijo
cevi zajeta termalna voda na odsekih 50,91 m do 84,12m in 104,82 m do
120,49 m, kjer so bile cevi perforirane,

I.eta 1966 jo bila izvrtana %e kaptafna vrtina K-1 do globine 80,00 m.
Y vrtino so bile vgrajene jeklene cevi premera 10 % * do globine 30,00 m,
do konéne globine 80,00 m pa je vrtina ostala nezacevljena, ker so bile
kamenine le razpokanc in kavernozne, kar velja posebej za dolomil kot
vodonosni horizont.

Poskusno érpanje v kaptaini vriini K-1 je dale pri depresiji 1,00 m
do 1,015 m 8 lsek, pri depresiji 1,52 do 1,55m pa 101/sek vode s tem-
peraturp 35 *C,

Leta 1970 je bila [0 m zahodno od K-l izvrtana Se rezervna kaptaina
vrtina K-2. S tem so bile zajete celotne kolidine termalne vode v plitvi
coni. Litolofko s¢ vrtina K-2 popolnoma ujema z vriino K-1, le da se
porozna econa v triadnem dolomitu pridenja v globini okoli 56,00 m.
Crpalni poskus opravljen v su2ni dobi L. 1970 je pokazal, da je mozno
drpati iz plitve cone 15 du 20 l/sek termalne vode s temperaiuro 33,9
do 35°C. Leta 1971 je termalno vodo prevzelo Zdruzeno zelesnisko trans-
portne podjetje Ljubljana, in sicer njegova enota za turizem in ygosti-
nstvo, ki je prevzela cbveznost, da pristopi k izgradnji objektov, kjer
bi se termalna voda izkori¥tala v zdravstvene in {uristi¢ne namene. S tem
v zvezi je Geolo¥ki zavod Ljubljana izdelal program nadaljnjih hidro-
geolodkih raziskav, katerega del je bil realiziran leta 1972. Program
hidrogeolodkih raziskav je zajel globuvko lermalne cono z namenom, da
se zajame termalno vodo 2z viijo temperature in obenem poveta njeno
skupno kolig¢ino.
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Raziskovalna vrtina V-1/72 je bila lociraha 50 m jugozahodno od yrti~
ne K-1. V globini 9,00 m je zadela na oligocenski pe§teni lapor, ki je
segal do 85,60 m. Po vmesni zdrohljeni econi se v globini 88,80 m pri¢enja
triadni delomit 2 vlozkl porfiritnega tufa in scga do 135,20 m. Do konéne
globine 20220 m je vrtina prevrtala triadni dolomit z vlozki brede in
temne sivega dalomita. Manjsi dotok termalne vode se je pojavil v glo-
kini 90,50 do 98.00 m. V globini 11100 m je dotok termalne vode v vrti-
no priéel narad®ati in se je polagoma vedal do 177,00 m. Vrtina V-1/72
je bila kasneje spremenjena v kaptaZno vrtino s povedanjem premera
in vgraditvijo jeklenih ceva.

Vrtina V-2/72 je bila lotirana okoli 80 m severozahodno od vrtine
K-1. Pod kvartarnimi naplavinami je v globini 11,50 m zadela na oligo-
censki lapor, pod njim pa 88,60 m globoko na porozen dolomit z manj-
§im dotokom termalne vode, ¥ globini 91,00 m do 13280 m je kil ugo-
tovljen porfiritni tuf in nato do 197,30 m rezpokan triadni dolomit, nakar
je sledil do 222 10 m steklast porfiritni tuf ter do konéne globine 224,90 m
zepet dulomil.

Obmotje termalnih jzviroy pri PodSetrtku sestoji iz triadnih, terci-
arnih in kvartarnih kamenin.

Kvartarni sedimenti doseZejo v dolini Mestinj%tice in Sotle 12 m de-
beline. Sestoje iz pedfene in meljne gline ter slabo zacbljenega proda.
Na triadni podlagl so bazalne oligoeenske plasti sivice, kremenovega
peska in kremenovega pedtenjaka, ki vsebuje ponckod premog.

Med vligocenom in miocenom je erozijska diskerdanca, prav take med
helvetskim laporjem ter peltenjakom in tortonsko litavsko serijo sedi-
mentov, ki se pridenja z bazalnim konglomeratom. Po mikrofavni sodeé
je bil odioZen lc spodnji in srednji torton. V sinklinalnih krilih se pri-
kljudujejo sarmatski scdimenti, in sicer previaduje glinovec s plastmi
peska, pe¥tenjaka, konglomerata {n gline, Sinklinalo pri Pristavi zapol-
njujejo pliocenski sedimentl, ki jih tvori sivi in svetlo sivi glinovec
s plastmi peska.

Triado zastopa dolomit z vloiki tufa in tufita, glinastega skrilavea
in brefe. Dolomit je siv, vfasih skoraj &, vsehuje ponekod gomolje in
vkljutke roZenca in pirita. Po litolo3k[ sestavi pripada ladinski stopnii.
V okolici termalnega obmeéja se pojavlja fe glinasti skrilavec in porfi-
rit s tufi. Dalje so razgaljeni 8c werfenski skrilavec, lapor in dolomit.
Trladne kamcnine pripadaju obronkom Rudnice in segajo na povrdje
skozi terciarne sedimente.

Okoliea termalnih izvirov je razkosana pou 3tevilnih prelomih, nasta-
Lk vetji del v mlajsih orogenetskih fazah. Prelomi so bili sicer ugo-
tovljeni le tem, kjer prihajajo na povrsfe friadne kamenine, vendar
sklepamu po razprostranjenosti terciarnih kamenin in po morfologiii, da
se nadaljujejo na ozemlje terciarnih kamenin. Predvsem kaZejo na zvezo
s tektonika predne doline, ki potekajo od scvera proti jugu pravokotno
na o5 terciarne sinklinale. b

Glavna preloma s smerfo sever—jug sta vzporedna z dolino Mesti-
njitice in Sotle. Ob Sotli poteka prelom, ki smo ga ugutovili tudi z vrti-
nami na obmolju mineralnih vreleev v Rogadki Slatini. Terciarnt sedi-
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menti tvorijo severno od Rudnice 3iroxo sinklinalo, ki se proti zahodu
razcepi v dve sinklinali. V vmesni antiklinali prihaja na povrije juZno
od Smarja pr Jelsah triadna podiaga. Celotnemnu vzemlju med Rudnico
in Bodem so dali petal predyvsem mlajdi orogeneiski procesi.

Termalni izviri v okolici Podéetrtka se pojavljajo v coni, ki sega na
jugu od opuséencga rudnika Zeleza pri Olimju do sotofja Sotle in Mesti-
njstice na severu. Cona je $iroka le nekaj 10¢m. Glavno obmotje ter-
malnih izviroy je severno od Podéetrtku, kjer je termalna voda zajeta
v treh kaptagnih vrtinah in ima najvi&jo temperaturo. Vodobosni hori-
zont je srednjetriadni dolomit, ki ga v dolini Sotle prekrivajo mlajii
ferciarni in kvartarni sedimenti ter delno porfiritni tuf. Sir$o termalno
cono so razkosali 3tevilni prelomi na ve¢ blokov. Izvirl termalne vode s¢
pojavljajo v blizini kontakta dolomita z neprepustnim poktovom terci-
arnega laporja in delno skrilavca. Vodonosna je prelomns cond, in sicer
ob prelomu, ki je nagnjen pruti zahadu, kar so pokazale raziskovalne
vriine. Tudi debelina neprepustnih kamenin narasta v tej smeri.

Temperatura termalne vode je najvidja v severnem delu Sirde ter-
malne cone, proti jugu, oziroma proti jugezahedu lemperatura pada.
Skrajno znano jugozahodno totko s termalno vodo predslavlja vrtina
V-1/48, izvrtana v okviru raziskav Zelezovega rudidta pri Olimju, kjer
fc danes priteka na povrije okali 10 l'sek vode s temperaturo 18'C.
Dotok vode v vriino V-1/48 je v apnencu v globini 27,0 m, torej Se v plit-
vi coni. Globlje tudi v ostalih vrtinah v dolomitu ni bilo dotokov fer-
malne vode.

Vse dosedanic raziskave kaZcjo, da je glavnu ubmodje termalnih izvi-
rov v dolini Solle severno od Podéetrtka. Ostali pojavi 5 temperaturo
18 do 24 *C so stranski izviri, ki le nakazujejo nadaljevanje tetmalne co-
ne proti jugozahodu.

Termalna voda je danes zajeta z vrtinami, in sicer v dveh vrtinah
K-1 in K-2 plitvo v globini 46,0 m de 80,0 m in v vrtini V-1/72 v globini
120,0 do 180,0 m. Prelomna cona z najtoplejdo vodo je nagnjena proti
zahodu, zato jo tudi lemperatura v vriini V-1/92 374C, v abeh plitvih
zajetjiin pa 24 do 35°C. Skupne koli¢ine, ki jih je moZno pridebivati
s ¢rpanjem, znadajo okoli 30 Usek.

4.9. Dolengjske Toplice

Okolica Dotenjskih Toplic je bila geoloske kartirana v menlu 1:10 0600
leta 1881, Do 1. 1959 vo raziskave obsegale le pogamezne oglede termalnih
izvirov in meritve kolitin termelne vode. O ieh raziskavah cobstajajo
zapisniki in krajsa porodila v zdravilidkem arhivu.

Hidrogevlodke raziskave z vrtaniem so bile epravljene prvid l. 1960
do 1981. Izvrtane so bile &tiri raziskovalne vrtine, in sicer prve tri v ne-
postedni bliZing obstojetih zajetif termalne voude in ena vrtina severno od
Sportnega bazena ob cesti Dolenjske Toplice—Novo mesta.

Po desetin ieiih so bile leta 1971 izvrtane Je 3tiri raziskovalne vrline,
ki so posegle v globino 190.0 m do 416,0 m. Rezultat fch raziskav je bily
zajetie termalne vode v globini 290,0 do 315.0m.
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Najstarejde plasti v okolici Dolenjskih Topli¢ pripadajo zgornji triadi.
Sestoje iz sivega pasovitega dolomita s polami xrnalega dolomita in pre-
hajajo v spodnjejurske sklade. Zavzemajo ozemlje severne od sotodja
Krke z Rade3eo in sestavljaje okolico Soteske in Stratko yoro. Spodnje-
jurske plasli sestoje iz sivega zrnatega dolomila, temno sivega apnenca
s polami skrilavega laporja in sivepga apnenca z redkimi vloZki drobne
oolitnega apnenca. Zavzemajo wemlie med potokoma Sufico in Radedco
ler segajo ez dolina Krke na juno pobodje Straske gore. Spodnjejurskim
plastem sledita srednjejurski volitni apnenec z vlozki oolitnega dolomita
in zgornjejurski svetlo sivi apnenec. Nastopata s‘rnjeno v vzpetinah Pri-
slave in Prasiéevke vzhodno in severovzhodno od Dolenjskih Toplie.

Zahodr» oI Radefve prihajajo na povr§je plasti spodnje krede, ki
vpadajo proli zahodu pod Kotevski Rog. Sestoje iz temmo sivega delno
bituminoznega apnenca.

Kvarfar zastopa krafka ilovica v deolinah SuSice, Krke in Radcfee.
Recentne naplavine, peféene in meljne gline ob Krki, Radedci in Susici so
prenesle povriinske vode v glavrem z nbmotja kraske ilovice,

V okolici Dolenjskih 1'oplic sta pomembna dva preloma. ZuZemberski
prelom je ena od glavmih tektonskih linij v zgradhi Slovenije in Hrvatske.
Poteka od Ljubljanske kolline v gorniio krSko deline in nato nh Kodev-
skem Rogu vzdnlZ doline poloka Radefce in Cxmodnijic v Belo krajino.
Drugi jo toplitki prelom, ki poteka vzdoli potoka SuBica Ob njem se
stikata spadnjejurski zrnaii dolomit in plastoviti apnenee z volitnim apnen-
cem spodnje jure, Med (opliskim in ZuZember3kim prelomom se §iri jursky
glnklinala, ki je ob ZuZemberSkem prelomu narinjena na spodnjo kredo,
Narivna pleskev je nognjena pod kotom 60* do 70" proti severavzhodu
in jo nakazujejo tcktonske drse med Menitko vasjo in Selom. Na potek
vedje disickucije kaze tudi izrazita zdrobljena conu.

Termalna voda v Doienjskih Toplicah je zajeta nad izvid v kletnih
prostorih ZdraviliSkega doma, kjer doteka v dva bazens, V velikem
bazenu imajo dooki temperature 37,1 do 38.4°C, v jamsken bacenu pa
36,2 do 37,4 °C,

Po podatkih hidvegeclodkih raziskav 1. 1980781 in 1971 pritcka termalna
vodz na powrije po sisterau ruzpok ob toplidkem prelomu, ki so raziirjene
v kaverne. Torej si je lermalna voda utrla v jurskem apnencu pot proti
PoVTEju po razpokah in jih sfasoma razdirila v Kaverne, Kradki globinski
sistem, po kaierem se pretaka lermalna voda, obdaa krafki sistem hladne
vode. Na ta nadin je termalna voda pod vplivom hladne kradke poedtal-
niwe. Kolidina termalne vode se zato pri visokih vodostajih Sulice na-
videzno poveda, oziroma se dvigne njcna piezomelriéna gladina. Pri nizkih
vodostajih SuSice termalna voda priteka na dan v evilnih izvirih v strugi
potoka. Pirzometriéna gladina sc zni%a in se zaio koliéma rermalne vode
v glavnih izviribh zmuanj$a. Crpalni poakual, ki so traja’i od 13. 12. 1960 do
20. 1. 1961, so pokazali, da s¢ kolidina termalne vode s ternperaturo 365 do
38,4 °C ne spremeni in znada pri nizkih in visokih vodostajih potoka Susiey
12 do 13 l/sek,

Raziskovalne vitine so pokazale, da je dnlok termalne vode iz globine
vezan na najbolj prepustne, zakraselo cono v jurskem spnencu in triad-
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nem dolomity, Jodro toka termalne vode predstavljajo izviri, zajeti v ve-
Jikem bazenu z najvi§jo temperaturo 384 *C. Jamski bazen predstavlja
s svojimi izviri § temperaturo 37,4 °C Zz¢ bo.j periferni del najtoplejde vone,

Vse raziskavalne vrtine v neposredni biidini lermalnih izvirov sc po-
kazale najprej cono z visjo temperaturo, ki je segala do globine 90.0m
do 120.0 m, nakar je temperatura padla tudi za 10 °C. Ponoven dvig tem-
perature za 10°C je pokazala najgloblja vrtina V8/71 v globini 200,00 m
in je nato zadela na termalno vodo v triadnem dolomitu v globini 284,50 m
do 303,00m, kjer je bila zajeta dodatna kolidina termalne vode 71/sck
s temperature 32'C. Tske lemperatume razmere v globini kazejo, da je
stik z globoko termaine cono pod sedanjimi izviri z najvijo temperature.

Rariskovalre vrtine so pokazale tudi, da je potok Sufica juina meja
plitve in verietno tudi globoke termalne cone, kjer bi bilo moZno zajeti
termalno vodo v primarmcm vodonosnem sleju triadnega dolomita, ki se
pridenja v globini vkoli 260,0 m. Dalje so pokazale, da sega sistem kavern,
po katerih doteka termalna veda na povrije, tudi v triadni dolomit,

Problem globokega zajetja termalne vode v Dolenjskih Toplicah bodo
redile nadaljnje raziskave z vrtanjem globckih raziskovalnih vrtin, ki bodo
posegle globlje od 600,0 m.

4.10. Smarjesice Toplice

Smarjcske Toplice lezijo okoli 1km severno od vasi Krenove v dolini
putoka Dolnice. O izvirih termalne vode v Smarjefkih Toplicah so do
leta 1956 obstajali le posameznd komisijski zapisniki in kratka porodila
F. Zurge v toplifkem arhivu. Prve podrobne raziskave, ki so obsegale
geolotko kartiranje okolice toplic v merilu 1:10000 in meritve {empera-
ture v kvartarnih naplavinah, sta opravila D. Ku3éer in F.Drobne.
Na podlagi teh raziskav je bilo v 11958 izvriunib 18 roénih vrtin, s ka-
terimi sta bila ugolovljena dva centra izvirov lermalne vode, oddaljena
med scboj okoli 200 m. Plitvim vrtinam so sledile &iri strojne vrtine
v 1. 1959/80. Vrtina V-1/59 je bila locirana pri Sporinem bazenu, V-2/59,
V-3/60 in V-4/60 pa pri pokritem bazenu. Lela 1962 je bila pri pokritem
bazmnu izvrtana fe vrtina V-5.62. Leta 1989 smo izvrtali pri #portnem
bazenu 3tir strojne vrtine. Qkoli 0,8 km juino od Smarjeskih Toplic je
% en izvir termalne vode, Ima temperaturo 16 do 18*C in daie okoli
230 l'sck. V okolici tega izvira smo leta 1988 vrtali dve phitvi in tn
globoke vrtine. & lemi raziskavami smo imeli namen ugotoviti, kako bi
bilo mozno 1otiti hludno in termalno vodo in ju loteno izkoris€ati. De-
kondno tega vprafunja zaradi premajhnega obsega raziskav ni bilo mogofv
regiti, paé pu smo v dveh globokih vrtinah dobili termalno vodo, v V-3/68
3 lemperaturo 25°C in v V-4/68 s temperaturo 28 °C (sl. 3). Raziskave
bo potrebno nadaljevati, da bi dosegli postavljeni ¢ilj. Vodo glavneyw
jzvira smo kljub temu 1. 1970 2ajeli in bo zajetje oskrbovalo Nova mesto
7 okolica, Na oZjem obmedju termalnib izvirov v Smarjcikih Toplicah
smao v letih 1959/60 in 1988 dobili podatke o plitvi coni, s kaplaznimi vrti-
nami pa smo podvojili kolitine termalne vode in obenem debili indikacije,
da je moino z nadaljnjimi raziskavami gioboke termalne cone tudi zvidali
temperaluro termalne vode.
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SL 3. Pregledni geolo$ki profil Smarjeskih Taplic
Fig. 3. General geologic section across the Smarjetke Tuplice

Najstarejsa in tudi najbelj razdirjena kamenina v okolici Smarjetkih
Toplic je svetle sivi triadni dolomit. Natanéneje slarosti dolomita ni
mogote doloditi; po primerjavi z razvojem delomita drugod na Dolenjskem
ptipada verjelno zgornji iriadi. V okolici termalnih izvirov je dolomit
zdrobljen. Zdrobljena econa se viledée v smeri severoseverovzhod-jugojuge-
wahod ez o2)e obmoéje termalnih izvirov. Siroka je ponckod 100 m. V njej
le v okolici zdravilid®a ved peskokopev., Zdroblieno cone so prevriale
tudi raziskovalne vrtine. Na obch straneh zdrobljene cone je dolomit bol}
plastovit, vendar ga zaradi inlenzivoe tektonike prepletajo 3tevilne raz-
poke in tektonske drye,
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Na dolomilu ;eZijo erozijski ostanki jurskega jn krednega apnenca,
Kredi pripada temno sivi apnenec z viozki glinastega laporja in romolji
rodenca, ki zapirm plitvo termalno cono proti jugu v obliki neprepusine
bariere. Proti vzhodu vpadajo mezozojske plasii pod terciarni lapor,
peddenjak i litavski apnenec, druged Jih delno prekriva kratka ilovica.

Dolinc potokov prekriva ponckod tunj§a. drugod do 6m debela plast
glinastopedéenega holocena, ki vsebuje predysem v obmodju termalnih iz-
virov otgansko glino.

Zveza geolodke zgradbe SmarjeSkih Toplic in Kr¥ke kotline fe ni
ruziskana. Navedbe v lileraluri, da je Kiika kotlina udorina, niso do-
ttazane. Geolosko kartiranje je pokazalo, da gre prej za sinklinalo, ki jo
tvorije terciarni sedimenti, Predierciarme osnovne gorstvo prekrivajo
transgresivno miocenski tortonsk: sedimenti: pel¢eni Japor, apneni pefle-
njak in grebeni, oziroma &eri Litotamnijskeya apnenca. Te sedimente pre-
krivajo 2z julne in severne strani sarmatski sedimenti, na katerih le¥i
proti vzhodu diskordunino panonski glinasti lapor,

zdrobljeno cono v Smarjeskih Toplicah spremlja ved lokalnih prelo-
mov. Termalna voda priteka na povréje severno od preloma, ob katerem
s¢ stikata triadni dolomit in kredni apnenec. Zahodne od izvirov pri
fportnem bazenu seka ta prelom drugi prelom s smerjo severnzahod-
jugovzhod, ki povezuje obmodje (ermalnih izviroy v Smarjeskih Toplicah
3 termalnimi izviri pri Kronovemn. Ta dva preloma sta vainha zate, ker
doteka po razpokah ob obeh prelomih termalna voda na povrije.

V prelomnih conah je delomit sililiciran, razpoke pa zapolnjujeta kaleit
in drobna breda. Tudi v Zrdl okolici Smarjedkih Toplic previladujejo po-
dobne tektonske razmere. Ozemlie je razkosano z lokalnimi prelomi na
ved blokov, ki jih posebno v dolomitu spremljajo zdrobljene cone.

Dosedanje hidrogeoloske raziskave v Smarjefkih Toplicah in oXulici
so pokazale, da je termalna voda v zvezl s hladno pedtalnico. V poroznem
dolomitu je akumulirana hladna veda, na posameznih mestih pa se skozi
hladno podtalnico prebija proti povriju termalna voda. To dokazujejo
{emperature posameznih jzvirov, ki so cdvisne od razmerja med koliéi-
nami hladne in termalne vode, oziroma oddaljenusti ¢d lermalne cone.

Vodonosna kamenina je trindni dolomit. V razpokah in zdrobljenih
cohah pa se tetmalna voda preliva na povrije. Zurad prepustnosli, ki jo
karakterizirn koeficient prepustnesti k= 1,2.10-f cm/sek do 4,510~ cm/sek
izradunan po podatkih érpalnih poizkusov, je dolomit prepojen s hladno
vodo, Od piezomelritne gladine podtalnice je odvisna kolitina termalne
vode na dananjih kotsh izvirov. Zato se v su¥nih dobah kolitine ter-
mane vode zmanj§ajo, vendar z zakasnitvijo, ker se gladina hladne pod-
talnice zaradi sorazmerno slabe prepustnosti dolomita zniZuje zelo
potasi. Od nihanja gladine hladne podtalnice je torej dircktno odvisna
prelivna kolitina teymalne vode.

V fporinem bazenu je maksimalna temperatura 34,5°C, v pokritem
buzenu pa 32°C. V obch centrih priteka termalna voda s severa. Pri
pokritem bazenu tvori juino mejo plitve termalne cone prelomni kontakt
med triadnim dolomitomn in krednim apnencemy. Zaradi viloikov laporja
in lapornega skrilavea predstavlja blok krednega apnenca neprepustno
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bariero, ki lofi &marjesko plitvo termelno cono od okoli 800m juzno
lezeée plitve termalne cone v okolici izvira sJezerns.

Kredni apnonee v okolici Smarjedkin Toplic predstavija erozijske
ostanke, zalo sega verjetno blok krednega spnenca z vlofki Iaporja in
lapornega skrilavea le v manj¥o globino. V raziskovalnibh vrtinah je bil
ob prelomu ugotovljen kredni apnenec do globine 80m. Take razmere
kaZejo, da je vir vi§jc temperalure ista lermalna cora v globini za $mar-
jeske termo in Zir¥o okolico,

Povrsinski vodotoki ne vplivajoe na izdetnost termainih izvirov, ker
tetejo po kvartarn:k glinastih sedimentih. Na obmodju termalnih vrelcev
v Smarjekih Toplicah doscze debelina glinastih sedimentov 7m, To de-
belino so pokazale Stevilne rodne vriine lela 1959

V Smarjetkih Toplicah prevladuje na cbmodju termainih izvirev ler-
malna voda, pri izviru »>Jezeros pa hladna podtalnica. Meanje hladne in
termalne vode je zate holj izrazito v phitvi coni v okolici izvira sJezeros,
§a] je izmerjeni pretok izvira v suli okoli 230 L'sck. in temperatura izvira
16 do 18 *C. Problematiku celotnega obmotia termealnih izvirov v okolici
Smarjezkih Toplic 3¢ ni dokonéno raz&i§dena. Plitva termalna cona je raz-
iskana do globine 150 m, Termalna voda je zajela pri Sportnem bazenu
v glebini 12 de 147 m in pri pokritem bazenu v globini 11 do 19m. P
izviru sJezero« so vrtine segle do globine 257m, tako da smo s¢ bolj
pribliZali globoki coni. Zelo pomerbma je pri izviru »Jezeros refitev pro-
blema lotenega zajetja, in sicer hladne vode za oskcbo prebivalstva in
termalne vode za rekreaciio.

Nadaljnja dela v okolici Smarjetkih Toplic bo potrebno usmeriti tako.
da bi z vrtinami raziskali globoko termalno cono. S tem bi desegli visjo
{emperaturo termalne vode in % globokim zajetjem prepredili vpliv hladne
podtalnice, oziroma ga omejili. Istodasno bi bil reZen tudi problem zajetja
hladne vode 2a cekrbo Novegs mesta z okolice 7 zajetjem izvira sJezero«.

Globcke raziskovalne vrtine bodo poleg tega pokazale, kakina je zveza
med $marjeSko plitve termalno cono in plitvo cone pri izviru sdczeror.
Dosedunje raziskave so to le nakszalc. niso pa dale podatkov, ali gre za
enoten hidrogeolodki globinski sistem ali pa sta obe obmotji vezani na isto
termalne cono. kjer se voda ogreva in priteka na povrdje kot termalna
voda.

4.11. Toptitnik pri Kestanjevics

[zvir Topli¢nik se pojavlja ob Krki okeli 1,5 km zahodne od Kostanje-
vice. Voda ima lempetaturo 21 do 23°C in priteka na povrdje v kotanji,
ki ima oblike nekakega okna podralnice.

Po pregledu okolice je bilo ugotovljeno, da se razteza cona, kjer se po-
javlja termalna voda ob desnem bregu Krke, na priblizno 400 m dolgem
odseku. Njegovo vzhodno mejo tvorijo izviri Toplitnika,

Najprej sme termalno chmodje ortentacijsko gevelektri®no izmerili, Me-
rilve so nakazale lilolodko sestavoe ped kvartarnimi naplavinami Krke,
Nato sta bili jeseni leta 1971 izvrtuni dve raziskovalni vriini, in sicer
V-1/7]1 juine od TopliZnika ter V-2/71 med Topliénikom in Krko. Obe
vriini sta pod kvarlarjem zadeli na kredni apnence, ki je bil v razpokanih
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vdsekih vodonosen, vendar je bila vifju temperatura 25.5°C ugotovljena
le v vrtini V-2/71.

Leta 1972 3o sledile obsirneje hidrogeoloke raziskave celotnega pro-
story, kjer se pojavljajo termalni fzviri ob desnem bregu Krke. Po de-
tajinih geoelektritnih meritvah, ki so razen litolofke sestave nakazale tudi
potek prelomov, je bile izvrianih Sest raziskovalnih vrtin, in sicer V-3/72,
V-4/72 in V-5/72 na levem brepgu ter V-5/72, V-7/72 in V-8/72 na desnem
bregu Krke,

Vse raziskovalne vrtine so zadele na dolok tenmalne vode, vendar na
levem bregu Krke z niZjo temperaturo 21 do 24 'C, na desnem bregu pa
so imeli dotoki temperaturo 24 do 27 *C, razen v vrtini V-8/72, kjer je bila
izmerjena temperatura 13 *C. Vrtina V-8/72 j¢ bila locirana tik pod cesto
Sentjerncj—Kostanjevica, torej Ze ra meji obmotia termalaih izvirov,

Rezultati kaZejo. da prihaja tertnalna voca iz globine z juzne strani in
da doteka na povrdje ob Krki razhlajena in pome&ana s hladno podtalnico.

Vse raziskovalne vrtine so posegle le v manjo globine, ker je bil nji-
hov namen ugotoviti hidrogecioSke razmere v plitvi cont in nulo raziskave
nadaljevati na oenovi dobijenih rezultatov.

Rariskovalne vrtine so pokazale, da je v plilvi coni vodonosni horjzon!
razpokan kredni apnenec, ki ga scverno od Krke prekrivajo rmiocenski
lapor, pedfen lapor in litotamnijski apnenec. Okolico termalnih izviroy
<o &tevilni prelomi razkosali v posameznc bloke. Tempetatura dotokov
rermalne vode je bila ni%ja tam, kjer prekriva kredni apnenec debetejsa
plast terciarnega laporia, To dejstvo jo ovrglo prvotne domnevo, da pri-
teka lermalna voda s severa ob kontaktu neprepustnege tercviarnega la-
porja z litotamnijskim. oziroima krednim apnencem.

4,12, Caletke Toplice

D Jeta 1957 je bila termalna voda v Catcdkih Toplicah rajeta v kvar-
tarnem produ. Na plitve zajetje ie vplivala hladna podialnica, zato je tem-
peratura vode nihala, Leta 1957 in 1958 smo izvrtati 15 plitvih vetin, ki so
pokazale, kje pritcka termalna voda iz podlage v kvartarni prod. 7Z me-
gtvami temperature in nihanja gladine v plitvih vrtinah je bila dolutenu
lckacija raziskovalne vrtine, ki je scgla do globine B2,00m. Ta vrtina je
v globipi §1.70 m do 52,70 m zadela na kaverno, ki je del plitvega kraSkega
sistema Vv miocenskem apnenem pedéenjaky, po katerem se pretaka ter-
malna veda proti povriju. Termalne vodo smo zajeli z vgraditvijo kaptaz-
nih cevi, Zaradi neposrednega stika s podlalnico v pradu je nihala staticha
gladina termalne vode v zajetin. Zatc se je spreminjala tudi Kolizina ter-
malne vode od 15 l/sek. do 3¢ IYsck. Cim je bila &rpana vetja kolitina pri
dolofenem vodostaju bladne podtalnice, s¢ je temperatura vode miZala.
Pri gladini lermalne vode 2,0 m pod povr§jem je bilo moine {rpati le okoli
15 l'sek. termalne vode z maksimalne lemperawyro 372°C. Pri ¢rpanju
vedje kolid¢ine je tempetratura pridela padati,

Zajetjic termalne vode v globini §1,70m je ostalo neizkoriiéeno do
1. 1962, ko je KZ Bresice pritela uporabljeti termalno vodo za ogrevanje
7imskih toplih gred. Istega leta je KZ BreZice financivala vrtanje kaptamme
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vrtine premera 127 do glebine 60,6 m in uredila Erpalnice, ki e danes
obratuje.

Hidrogeologke raziskave so se nadaljovale 11964, Sofinanciral jih je
Sklad za geoloSke rvaziskave, Te raziskave so dale odlodilne recultate za
nadaljnji razvoj Categkih Toplie. Qd izvitanih 3tirih ruziskovalnih vrtin je
vrtina V-4/64 v globini 283,0 m zadela na primami horzont termalne vode,
to je triadni doiomit. Iz e vriine e danes priteka na povrije 10,6 /sek.
termane vedde s lemperature $7,20C. S tem je bila odkrita glohoka ter-
malna cona, iz kailere doleka termalna voda pod pritiskem 1,6 kpfem?.

Lela 1868 so se na Catedkem polju priteie sistematiéne hidrogeolofke
raziskave, ki 50 ¢ konéale leta 1972. Izvedbn raziskav je omogodil Sklad
Bonisa Kidri¢a, ki jih je snkreditiral ln delne sofinanciral.

Leta 1969 so bile izvrtane vrtine V-1/69, V-2/69, V-3/80 in dve kapta2ni
vrtind 3irokega premera K-1/69 in K-2/69. Vse te vrtine so bile locirgne
v povrdinskem centtu plitve termalne cone in 180 m jugozahodno od nicgs.
Dale so izredne rezultate, in sicer je bilo v dveh kaptainih vrtinah zajeto
83 /sek. termalne vode s temperature 57 do 58 °C.

Leta 1970 smo z geoelekiriénimi in mikroseizmifnimi meritvami raz-
iskali debelino kvartarnega proda in litologko sestavo pod kvartarnimi
naplavinami, Vrtine V471, V-5/71, V871, V-7/71, V-8/71 in V-9/71 s0
nato leta 1971 preverile podatke geofizikalnih raziskav, ki so dale solidno
asnovo za lociranje nadaljnjih raziskovalnih vriin. Po programu raziskav
sta bili izvrtani raziskovalni vrtini V-10/71 in V-11/71. Za oZjo okolice je
bila izdelana detajlna geoloSka karta v merilu 1:5 000 in hidrogeologka
karta v merilu 1 : 25 000.

Leta 1972 so bile izvrtane $e raziskovalne vrtine V-12/72, V-13/12 in
V-14/72. Raziskave s0 bile konfane s &rpulnim poizkusorn, ki je potrdil
%¢ prej predvideno skupne kolifino termalne vode okoli 120 1sek.

Catedke Toplice 1e2ijo na prodnali ravrini kakih 200 m juzne od Save,
vk robu Krike kotline. Catelko polje omejuje s severa Sava, z juga pa
obrobje Gorjancev (sl. 4).

Starcjda mezozo;ska in kenozojska podlaga prihaja na povrdje na ob-
robju Gorjancev, samo Catefko polje pa je prekrito s Tm do 12m debclo
plastjo kvartarnega proda. Vrline so pokazale, da slede kvartamemu produ
tortonski sedimenli do razligne globine. V centralnem in zahodnom delu
sega tortonski ped€eni lapor, apneni peffenjak 2 litutamnijami in litotamn-
nijski apnenec do ginbine okoli 125,0m, juZno in vzhodno pa do globine
186.0m. Med terclernimi plasimi in njihove mezozojsko podlago le2e ba-
zalne plasti, ki sestoje iz plaslidne gline z viozki, oziroma plastmi kreme-
novega peska. V buzulnih plasteh se pnjavljnje sledovi premoga. Debeling
glinasto ped&enib plasti je razliéna in dosce 24.0m do 75,0 m.

Zgornji del mezozojske podlage sestoji iz plastovitega krednega apnenca
% polami lapornalega apnenca ter polami in gomolji rofenca. Apnenec pre-
haja véasih v drobnozrnatoe bre¢o. Debeling krednih plasti ni enakomerna
in se giblje v mejah 50,0 m do 197,0 m. Kreda le3i nu iriadnem dolomitu,
ki predstavlja glavni vodonosni horizont.

Vse kamenine, ki so jih prevriule raziskovalne in kaptaine vrtine, se
pojavijajo tudi na obrobju Gorjancev v podubni litelodki sestavi. Debeling
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terciarja in krede se iudi tukaj menjavya. Kredni apnenec je na Gorjancih
ohranjen le v obliki ertzijskih cstankov na triadnem delomitu. Tudi ter-
ciarne bazalne plasti se pojavliajo le na posameznih mestih.

Po podatkih raziskevalnih vrtin pripada Ceilclko polje obrobju Gor-
jancev in je obmodje termaine cone neposredni podalj3ek Gorjancev tudi
glede na litolodko sestave in stratigrafsko zaporedie,

Glawni in najvainejdi prelom, ki sega v vedjo globiny, polcka severno
od Gorjancev in pri Catezu v lokn zavije proti severovzhodu ter pretka
severno ok Catelkih Toplic Savo. Ta prelom so ugotovile geofizikalne
regionalne raziskave. Njegov pelek na Catedkem polju pa so potrdile tudi
detajine genclektriéne in mikroseizmi¢ne meritve 1. 1870. Sprem!'jajo ga
Sircka zdrobljena cona in &tevilni stranski prelomi ter razpoke. Mlajsi pre-
tomni sekajo glavoo dislokacijo in se razkosali ebrobie Gorjancev in Ca-
teSko polje na bloke. Tudi o%ja lermalna cona sestoji iz blokov, kar doka-
zuje tazlidna debelina terciara in krede.

Pred pri¢etkom prve faze hidrogeolodkih raziskay na Catetkem polju
je bile znano samo to, da je s termalno vodo prepojen kvartarni prod
v okolici toplie. 2 prve raziskave 1, 1857 so pokacale, da imamo na Cate-
3kem poliu ved horizontov s termalno vodo.

Plitev horizont predstavija kvartarni prod, v katcrega se preliva ter-
malna vida i2 tertiarja. Naslednji vodonoeni horizont je v sislemu kavern
v terciarnem litolamnijskem apnencu, kjer je bila termsalna woda zajela
1. 1958. Oba vidounesna herizonta sta pod divektnim vplivom kladne pod-
talnire v kvartarnem produ. Gladina termalne vode v produ in v sistemu
kavern v terciarnem apnencu niha z vodcstajem podtalnice. Razlika je le
v lem, da je statiéna gladina termalrne vode 0,50 m do 0,90 m vigja od gla-
dine hladne podtalnice, ki 2 vseh strani nbdaja trrmalno vodo. Hidrogeo-
ioéke raziskave =o leta 1964 odkrile globoko termalno eono, kier je ter-
malna voda pod pritiskom 1,2 do 1,8 kpfem?, Pritisk 1,8 kp/em? je bil iz
merjen v vriinah, ki so prve zadele na ‘ermalno vodo v dolomitu. Zmanj-
Sani pritisk v kasnejflh raziskovalnih vriinah je rezultat odvzema ter-
malne vode v kaptaznih witinah, 8 &imer je nastal depresijski lijak, i je
rajel okolico kaptaznih vrtin,

Globoki termalni horizont. v triadnem dolomitu je preknil z neprepust-
nim pokrovom, ki sesleji iz {erciarnega laporja, predvsem pa iz glinasto
pedtenih terclarmih bazalnih plasti in krednega plastovitega apnenca s po-
lami laporja in rozenca. Zato je na zahodu termalnega obmodia tempera-
tura termalne vode 57°C, na vzhodu pa. kjor je debelina tega pokrova
vedia, je temperatura termalne vode 64 °C. Na vidino temperature vpliva
razen tega verjetno Sc vedja ali manj$a oddaljenrst od toplotnega vira,
Temperatura termalne vede naruddu torej od jugozahoda proti severo-
vzhodu. Pri vasi Catez je izvir termalne vode 5 temperaturo 31,5 9C. Od-
daljen je od Catedkih Toplic priblitno 1km. Termalna voda priteka na
povrije direktno iz triadnega delomita v neposredni blizini glavne dislo-
kacije, ki je posrednik (emperature tudi v centrn termalne conge v Cate-
3kih Toplicah, Najblizja raziskovalna vriina V-13/72 je oddaljena od centra
termalnega obmedfa exoli 300 m proti izviru pri Cateu (s, 5). 'V tej vrtini
je bila izmerjena temperatura 42 do 45°C, Tudi ta vrtina je bila logirana
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v Siroki zdrvbljeni in razpokani coni ob glavni dislokaciji. Nasprotne je
bila v vrtini V-12/72, ki je oddaljensa od ¢entra termalnega cbmodja okoli
120 m proti severu, ugotovljena temperatura 84 °C. Locirunje raziskovalnih
vrtin severno, oziroma severovzhodno od vitine V-12/72 prepreéuje Sava.
Ker v tej smeri poteka glavna dislokacija in naraéa vbenem temnprratura
termalne vode, je mogno sklepati, da v &atedki termalni coni fe nismp do-
segli najvidje tempetature, Od izvira Perisée pri Catefu do vriine V-13/72
naraste temperatura za 10°C pri medsebojni razdalii okoli 700 m. Velikn
vedji je porast temperature med vriino V-13/72 in V-12/72, kjer je pri
razdalji okoli 350 m temperaturna razlika 20 °C, Opisane temperaturne roz-
mere nakazujejo monost, da se cona z vi§jo temperaturo nadaljuje v tri-
adnem dolomitu kot globokem vodunosnem harizontu ob glavoem prelomu
proti severovzhodu na levi breg Save, kjer obenem naraste tudi debelina
neprepustnega pokrova

Kolitine termalne vode s tempetraturo 57 do 84 °C so bile preverjene
s ¢rpalnim poizkusom, ki je trajal 12 dni. Pokazal je, da je moZno nepre-
kinjeno izkorittati 120 l/zek, termalne vode s povpredno temperalure 60°C.
Stabilizirani pritiski v opazovalnih piezometrih niso padli pa 0,0kpfem?,
kar kaie 5¢ na dolofenc rezervne koliflne termalne vode, ki bi se jih dalo
obsasno izkoristiti, Predvsem velja to za termalno vodo z nifjo tempera-
ture, ki bl jo bilo nujno treba izkoridtati v zdravstvene namene, ker je
dancs termalno vode zaradi visoke temperature treba pred uporabo
hladiti.

Tspesnost hidrogeoloskih raziskav termalnega obmotja na CateSkem
polju je ofitna. Ugotovljene koli¢ine termalne vode 120 1/sek. s tempera-
turo 60 °C predstavljajo solidne pudlago 2a nadaljnji razvoj zdravstvenega
{urizma. Pozebna prednost visoke temperalure termalne vode pa je v tem,
da jo je mazno dvakrat izkoristiti, in siccr za ogrevanje 7 odvzemom to-
plotne energije ter razhlajenn uporabiti v rekreacijskih bazenih, ki lahko
obratujejo tudi pozimi brez dodatnega ogrevanja.

5. Pregled hidrogecloikih raziskav mineralnih vrelcev

5.1. Roga$ka Slating

Mineralni vrelci v Rogadki Slatini so bili 2e pogosto predmet raziskav.
V preteklosli so bile vse raziskave usmerjene na sorazmemo majhno po-
viiino vrelénepa centrs. Za prva zajetja je znalilno, da so bili $tevilni
vrelci zajeti s plitvimi vodnjaki, ki so jih izkopali na krajih, kjer je mine-
ralna voda pritekala na povrdje. Seveda so na ta nadin zajeli le manje ko
Litine mineralne vode. Taka zajetja so omogofala kratkotrajnoe izkoriséanje
majhnib kolidin mineralne vode; zato je bilo 1. 1888 znanih kar 11 vrelcev
(A. Reiek, 1973). Mineralna voda v teh plitvin zajetjih je vsebovala
malo raztoplienih mineralnih snovi, kar je &= danes katakteristitno za iz
vire, ki se pojavljajo na povr$ju v oZji in 3irSi okolicl Roga3ke Slatine. Po-
stopno so na ozjem vretdnem obmoéju zajeli tri tipe mincralne vode 2 raz-
litno kolitine raztopljenih mineralnih snovi, in sicer Tempel, Stytia in Do-
nat. Mincralna voda tipa Tempel in Styria je bila znana Ze pred letom
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1908. mediem ko so lip Donat z najvidjo vsebnostjo razioplienih mine-
talnih snovi 2ajeli 1 1908.

Z razvojem zdravilif¢a so fe v preteklem stoletju pogiabljal obstojede
vodnjake in kopali nove, da bi povefali kolidine mineralne vode. Vsako
novo zajelje je poscglo nekoliko globlje; zadnja kaptaina zgradba te vrste
je bila globoka 10m. To zajetje je leta 1807 programiral in nadzoroval
njegove izvedbo J. Knc¢it. Dela so bila konfuna leta 1908,

J.Knett je postavil teorijo o mesanju primaine mineralne vode s pod-
talnico v plitvi coni. Po letu 1952 so to potrdile raziskevalne vrtine;, v glo-
bini sp zadele i¢ na visoko mineralizirano vodo, ki po koliZini razinpljenih
mineralnih snovi presega vode tipa Donat.

Ze pred drugo svetovno vojne je v zajetju iz leta 1908 pridelo primanj-
kovati mineralne vode. A, Rezek (1964, str. 255) navaja izdatnost vsch
vielcev v &asu 29. do 31. §. 1942, in sicer 17,4 'min, Porreje so se razmere

Sc poslablale in je pumnanjkanje mincralne vode ze pridelo ogrozati na-
daljrji obstoj zdravili¥¢a,
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Leta 1952 so pod vodstvom J. Baéa izvriali 22 vrtin in zajeli vodo
v globini 30.0m do §0.0m. Geolodke je vrtanje spremljal A, Nosan.
Leta 1953 je bilo izvrtanih Se nadaljnjih 18 vrtin in je bilo tako vpraSanje
koligine mineralne vode zadasno reeno.

Do leta 1965 su na vZjem vrelénem obmodju injicirali in delno poglobili
nekatere kaplaine vrtine in uredili plitvo zajctje mineralne vode tipa
Tempel. Kneltovo zajetje iz leta 1908 pa so opuslili.

0Od ostalih lokacij. kjer se pojavija mineralna voda na povrdju, je bila
raziskana okolica izvira v Zeg. Gaberniku z dverna vrlinama i izvrtanae
raziskovalna vrtina pri izviru v Kestrivnici ter vriina poleg nckdanjoga
zajetja pri vili Rozalija juZno od Zg. Gubernika, V Zg Gaberniku sta obe
vrtini zadeli na mineralno vodo, na oetalih dveh lokacijah pa sta bili
vrtini prezgoda] ustavljeni,

Prve raziskave zunaj obmofja povr§inskih pojavov mineralne vode so
se pritele 2 vrtino B-1/65 v blifini feleznidke postaje Roga$ka Slatina
(sl. 6). Naslednje vrline so se zopei pribliZale oZjemu vrelinemu vbmodju,
To so bile vrtine B-2, B-3 in B-4, Vse tri vrtine so bile loeirane na prostoru
med hotelom Slovenski dom in #portnim kopali%%em, in sicer dve vrtini
juino od ceste Rogaska Slatina—Celje (B-2 in B-3), ena pa severno od
ceste (B-4).

i~ 1966 je sledilo vrtanje vrtlne G-3/66 v Zg. Guberniku in vrtine
V-3/86 severno od Podplata, ki je bilu locirana po podatkih regionalnih
geofizikalnih raziskav (sl. 7). V vrtini G-3/66 pri Zg. Gaberniku je bila
rajeta mincralna voda, ki jo $e danes izkonid&ajo.

Pe regionalnih geomagnetnih meritvah in vedletnem preudevanju geo-
loske zgradbe je A, Nosan leta 1966/87 lociral dve vrtini. Prvo pri Pod-
platu in drugo pri Secovem. Vrtina V-3/86 pri Podplatu je v globini 353 m
zadela na dotok manjdih kelidin mincralne vode in vetjih kolidin CO,.

Vrtina 5£-1/67 pri Sedovem je v globini 318 m prevrtals 2drobljenc
cono v andezitnem tufu 2 detokom 35 1/'min. mineralne vedde in vedjimi ko
li¢inomi CQ,.

Obe vriini dajeta sedaj glavne kolidine mineralne vode in CO, za upo-
rabo. Pomen obeh vrtin je v oddaljenosti od vZjega vrelnega obmodja;
V-3/66 je oddaljena 5km, $¢-1/67 pa 1km in zato ne moreta povreoditi
zmanjiania kolizin v slwrem vreldnem centru.

Na predlog J. Bada pa so leta 1987 izvrtali V-5/87 in V-6/67 na
vzjem vreltnem obmotju, V-5/87 ic globoka 142m in ne daje vode niti
plina. V-&/67, globoka 265 m, je v globini 260 m zadela na dotok 50 I'min.
mineraine vode in vedje kolitine CO, (sl § in 7). Medsebojna razdalja teh
dveh vriin je 90 1n, V-6/87 pa jc od eksploatacijskih plitviki vrtin oddaljena
210m in je povzrodila, da so plitva zajetja presahnila.

I. 1968 je bila po predhodnih geoelekirifnih meritvah loeirana vrtinz
5¢-2/68 okoli 800,0 m severno od vrline S&-1/87. Druga raziskovalna vating
RV-1/8B je bila locirana v Ratanjski vasi, okoli 1 km zahodno xd vrel¥nega
obmodja v Roga$ki Slatini. Na Z)jo Zdruvili§éa Rogadka Slatina je bila
izvriana $e viling Tr-1/68 pri TrZigéu. Lokacijo te vriine jo predlagal
[. BRaf, Iz programa za 1. 1868/6% je bila izvriana tudi raziskovalns vrtina
58-3/69, ki je imela namen razjasnlti razmere v okolici povriinskega po-
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juava nizko rineralizirane vode v blifnjem vodnjaku. Raziskovalne vrtlne
izvrtane v letih 196860 so dale koristne podatke o geolodki zgradbi oko-
lice Roga2ke Slatine, vrtini RV-1/68 in S&-3/69 pa sta razen tega mdeli
na CO,.

Leta 1970 je Zdravili$te izbralo za svojega zunanjega sodclavea Geolo-
gisches Biiro Dr. Pickcl-Kasscl, ki je najprej izmeril koncentracijo CO,
v tleh, in sicer v okolici vrtine V-3/66 pri Podplatu ter v okoliei novo pro-
jek‘iranega nalivalnega objekta. Na scstanku predstavnikov Geoloikega
biroja Dr. Pickel in Geolotkega zavoda Ljubljana je bil deloten program
hidrogeolo$kih raziskav za 1. 1970, ki je zajel Ze vetkrat predlaganc po-
globitev vriine V-3/66, vrtanje vriine G470 in po predlogu S. Jentscha
predstavmika Biroja Dr. Pickel 3e vrtino Tr-2/70. Zadnja vrtina je bila Jo-
girana na gsnovi predhednih meritev CO, v {leh, vendar sc je pokazaly, da
je anomalno vrednost CO, povzroéila bliznja glavna kanalizacija, ki odvaja
odpadno vode iz zdravilis€a. V Ictih 1968 do 1870 so bile opravljene tudi
v manjiem obsegu geomagnetne raziskave in izdelana detajlna geolodka
karta okolice Rogastka Slatina v merilu 1:5000.

Vrtina V-3/66/70 (sl. 8) je pri poglabljanju zadela v globini 578 m na ka-
vernozno vodonosno cono z dotokom mineralne vode in CO,. Iz vrtine je jzte-
kalo pri optimalnem pritisku 4,2 do 4,4 kp/em?® 183,6 Ymin. visokomineral:-
zirane vode. Vrtina G-4/70 je provrtaia donadko prelomnico in je zadela
v trindnem dolamitu na dotok vode okoli 180 I'min. Vrtina Tr-270 jo
prevrtala premogove plasti, dotoka mineralne vode in CO,, ki so ga naka-
zale meritve na povidjy, v vriini ni bile niti v sledovih.

Lota 1971 sta bili izvrtani dve raziskovalni vrtini, in sicer K-1/71
v Zgornji Kostrivnici v neposredni bliZini izvira mineralne vode v bliZ-
njem potoku in vrtina S&-4/71 90,0 m severno od vrtine $&-1/67. V nepo-
sredni blizini vodnjaka z minetalno vodo je bila izvrtana Se plitva vtina
8&-5/71, s katero smo preverili dotok mineralne vode v bliznji vodojak.

Rezultati hidrogeclodkih raziskav pe 1, 1952 v Rogafki Slalini in okolici
niso bili 32 sistemalidno cbdelani. Njihova obdclava in delna dopolnitev
raziskav bo nujng, da bi tuko dobili popelno predstavo o rogadkih mine-
ralnih vodah.

Geolojke razmere, Qkulica Rogaske Slatine sestojl iz paleozojskih, tri-
adnih, terciarnih in kvarlsimih sedimeniov, Prevladujejo terciarni sedi-
menti, ki $0 za nastanek mineralne vode najpomembnejdi. Kvartarne
meljne gline z redkimi prodniki zspelnjujeje doline potokov. Delno so
ohranjene $e prodne terase na robovih poloinih vzpetin severno od Ro-
patke Slatine.

Najmlaj¥i terciar so erozijski ostanki sarmaiskih sedimentov na totton-
skem litotamnijskem apnencu, Sarmatski sedimenti tvorijo jedro sinkli-
nale, ki se razteza od Grobelnega prek Smarja pri Jel$ah do Mestinja in se
nato pri Pristavi zdrud 2 ju2no sinklinalo s pliocenskim jedrom. V severni
sinklinali in v erozijskih ostankih na litotamnijskem apnencu sestoji sar-
mat iz plinoven in laporja, v jusni sinklinali pa prevladujejo peski in pe-
$tenjaki s plastmi slabo cementiranega konglomerata,

Podlago sarmatu tvorijo tortonski sedimenti. Na bazalnem konglome-
ratu leze apneni peddenjak, litotamnilski apnence in pedfeni lapor, Tor-
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lonski sedimenti se raztezajo v ved vzporednih pasovih od vzhoda proti
zahodu. Starejii miocen e stratigrafsko ni razdlenjen, Poseben problem
predsiavlja temno sivi pe&teni lapor, ki prehaja v drobnozenati tufitski
peftenjuk severno od §odtanjskega preloma in segu proti severu in severo-
vzhodu v Ilaloze. Temno sivi peSéeni lapor le2i na andezitnem tufu in na
irzadni oziroms paleozojski podlagi. Prekriva ga kremenov peddenjak, ki
lvori na vzhodu Maceljsko pogorje, kicr sega od Sotle do Zetal. Od tod
proti zahodu se ruzleza v obliki klina do Rogaske Slaline, Drugod se po-
Javh)a 3c v Plediveu in na Donalki gori. V okolici Rogadke Slatine tvor
kremenure pestenjok grié Janino, Trzadki in Ivanov hrib. Peffenjak sestodi
iz kremenovih zrn, apnenega veziva, sljude in klorita, Nckaj ima tudi
tufskih primesi, med katerimi so zrna plagioklaza. Ceprav sega peftenjak
prav do ojega centra mineralnih vrelcev v Rogadki Slatink, ga v razisko-
valnih vrtinah ni. Judno ud Soétanjskega preloma temno sivega pestenega
laporja ni vot in ga zamenjajo premogonosne plasii. ki sestoje v glavnem
iz let peska, vloZenih med glinasti lapor, Sestava se na manjde razdalje
menja. Tako je bil v vrtini B-1/65 nasproti Zeleznifke postaje Rogadka Sla-
tina do glebine vkoli 115,60 m siv peften lapor, pod njim pa do globine
485 mv siva laporna glina, V vrtini Tr-2/70 300.0 m jugovzhodne od vrtine
B-1/65 pa je do globine 950 m previadoval zbit pesek z vmesnimi polami
glinastega aporja

Pomembni kamenini na obmo¢iu Rogatke $la‘ine stu andezil in njegov
tul, ki ju povedini prekrivajo kamenine spodnjega miocena, Nujvetjo raz-
prostranjenost imata na jufnem pcboéju Beta in PleSivea. Z globokimi
vrtinami sme nasli andezitni tuf v globini 120 du 160 m med Sefovim in
Podplatom.

Mezozojske in palozojske kamenine prihu’ajo na povedje na Bodu, in
sicer so to dolomit, apnence, glinasti skrilavee, laporovec in v manjdi meri
peffenjak. Bod pripada Karavankam, medtemn ko sta Resevna na zahodu
M Rudnica na jugu del Mesavskih gub, zato imajo njune mezozojske plasti
druga&no sestavo. Omembe vredno je. da sla vriini B-1/65 in Tr-1/68 v glo-
bini okeli 500,0 m zadeli na psevdoziljski skrilavee, ki kac na nadaljevanje
Posavskib gub juzno od sutelskega preloma.

Poleg litolodke sestave kamenin je za nastanck mineralnih vreleey po-
sebnoe vaina leitonska zgradba. Zdrobljene cone vzdoli nekaterih pre-
lomov amogotajn dotok mineralne vode na povrsie,

V zgradbi 3irSe vkolice s1a dva glavna preloma, Na severu poteka ob
juinem pobiodju Bota donatki prelom, ob katerem se stikajo vzhedni po-
dalj3ki Karavank s Posavskimi gubami. Drugi, dodtanjski prelom potcka
3 do 4 km juino od donatkega. Oba preloma sta iste starosti in je donaéki
verjetno veja 3oftanyskega. Ob donatkem prelomu ie pridlo do velikih
vertikalnih premixov in verjetno v manjdi meri do bofmh premikov, na-
SProlno pa je ob Softan skem preiomu morale priti do vedjih boénih pre-
mikov, Na to kazeio oditne razlike v litoloski sestavi i stratigrafski pri-
padnosti kamenin na obeh straneh preloma. Severno od So&tanjskega pre-
loma imamo andezitni tuf in laporno ped&eni razvoj spodnjega miocena,
juino od preluma pa premogonosne plasti in v njihovi podlagi psevdozil}-
ski skrilavec.
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Pretno na oba glavna preloma poteka ved stranskih prelomov, od ka-
tarih so raziskovalne vriine potrdile 2e Lri. Prvi je bil ugotovljen rogaski
prelom 2e 11952, drugi pri Podplatu 1. 1986 in tretji pri Sefovem 1. 1867,
Sklepamo, da so v glaynem vse strmo vrezane duline peotokov s smerjo
sever-jug nastale ob takih prelomih. VzdelZ {eh prelomov pritcka po
zdrobljenih conah mineralna voda na povrije.

Raziskovalne vrtine za pitne wvixlu, ki so prevratale donatki prelom
severno od Zgornjega Gabernika, so pokazale, da je triada Boda in Konji-
tke gore nariniena na mladopaleozojske sedimente. Ob donatkem prelomu
je bile nato jufno krilo dvignjeno. tako ca se danes stika tertiar s Lriad-
nimi in mladapaleozojskimi sedimenti.

Midrogeoloike razmere. Rogadki mineralni vrelei se pojavliaje na
ozemlju. ki zavzema okoli 50 km® Naravni doteki na povisje so bili nekod
v Rogadki Slatini, v Spodnii Kostrivniei in Zgornjem Gaberniku, Danes
jzvira minerulna voda ¢ juino od donatkega prcloma nad Zgornjo Ko-
strivnico in v grapi Crna %ola, okoli ©,5 kra zahodno od Zgornje Kostriv-
nice. Od treh lipov mineralne vode se je primami mineralni vodi najboli
priblizeval Donat z vkoli 8 g/l raztopljenih mineralnih snovi, Siyria s 6
do 7 g/l in Tempel s 3—4 g/l pa sta bila produki holj intenzivmega mesanja
s podtalnico.

Rogafka mineralna voda je prvetino pritekala na povrije v naravnih iz-
vich. Razickovslne vrtine so pokazale. da je vodonosni horizont andezitni
wuf, oziroma rzdrobljene in intenzivno razpokane cone ob stranskih pre-
Jomih, ki potekajo preéno na denalki in $oftunjski prelom.

Vodonosni andezitni tuf prekriva krovna plast neprepusinih kamenin,
kalerih debolina se poveduje proti scveru do sredine terciarne sinklinale,
kjer doseze najvedjo debelino. Predni prelomi so razkosali to cono v 3te-
vilne bloke, obenem so zdrobljene cone ob teh prelomih v andezilnem tufu
vodonosne. Ceprav sckajo preéni prelomi donatko dislokacijo na severu in
goétanjski prelom na jugu, ter segajo proti severu v prepustine karbonatne
kamenine Boa, pronica le malo vode v globino. Prav zato je izdatnost
mineralnih vrelcev v Rogaski Slatini in okolici majhna. Najvedjc kolitine
mineralne vode so bile doslej zajete v vrtini V-3/86 severno od Podplata,
ki je %e blizu zabodne meje $irSega obmedja mineralnih vrelcev, Vsa
astala zajetja imajo veliko manjfo izdatnost. Vrtina G-3/66 v Zgornjem
Gaberniku daje 13 Umin., V-6/67 v Rogaski Slatini okoli 60 l/min., S&-3/67
pri Setovem pa okoli 25 l'min. Verjetno je za vetjo izdatnost vrtine V. 3/66
vzrok v tem, ker je locirana ob prefnem prelemu, K ima na severu stik
¢ karbonatnimi kameninami zahodnih podaljSkov Bofa. VrdolZ tegu pre-
Ioma se pojavljajo izviri mineralne vode v Zgornjem Gaberniku in pri vili
Rezalija.

¥ globokih vrtinah zajeta mineralna voda ima vi§jo lemperaturo. Naj-
vitju temperatura 30 °C je v vrtini V-3/88, kjer je zajeta mineralna voda
v glubini 578.0 m. Zaradi velikih koli®in CO,, prostorninsko ruzmerje med
mineralne vodo in CO, je 1:20, wafa npr. v wiTini V-3/86 pritisk
21,5 kpfem?. Temperulura 30*C je bila izmericna na uwstju vrtine Ze po
ekspanziji plina v vrtini, kar kafe, da je v globini &e za neka) stopin] €
viZja lemperatuta. Mineralna voda nasisja v andezitnem iufu, zato ima
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tuKo pestro seslavo raztopljenih mineralnih snovi. Plin CO, nastaja po re-
zultatih raziskav Indtituta Jozef Stefan v karbonalnih kameninah pri tem-
peraturi 30 do 90°C. Dotok vode s povrija je mozen le od severa, to ju
z Boca, ki scsloji v glavnem iz karbonatnih kamenin, Z juzne strani se po-
avijajo prve karbonaine kamenine fele ns Rudnici, ki je oddaljena okoli
8 km, vmes pa jih prekiivajo vor kot 1000 m debele terciame neprepustne
plasti. Razen tega sestoji triadna podlaga juZno od fodtaniskega preloma iz
psevdoziljskega skrilavea, ki proti zahodu pride na povTéje juino od Smarja
pri Jeliah. Ta skrilavee tvori skupaj s terciarnim pokrovom neprepustno
bariero, ki zapira vrel¢no obmodje 2 juine strani do globine, ki je vedja od
700 m, kar je dokazala vrtina B-1/65 v Rogaski Slatini. Skrilavee se priéne
v globini 495,0 m, Ce predpostavljame, da je njegova moina debelina do
500 m, kar je bile ugotovljene druged v Sloveniji, potem lahko scga do
globine okoli 900 m. ¥V vrtini B-1/65 so plasti skrilaves nagnjene, Zatadi
takih razmer je mo?no. da sega neprepustna bariera vsaj do globine 900 m,
teprav je bil skrilavec pred odlozitvijo terciarja delno erodiran,

Z nadaljnyimi raziskavami bo treba doloditi lokacije za nova zajetja, ki
pa bode morala biti med seboj lodena, da ne bi bile medsebojnih Skodljivih
vplivoy, kol je to primer nz2 oZjem obmoéju mineralnih vreleev v Rogaski
Slatini. Ce tudi dodatna zajetja ne bodo zadodéala, bo treba na posameznih
lokacijah omogetili bogatenje podtalnice v vodoncenih ermah, kar dovo-
ljuje zeio visoka vsebnost raztopljenih mineralnih snovi.,

3.2, Radengka Slatina (povzeto po L. Zlebniku, 1872)

Obmodje Poradeve, Radinec¢ in Petanjce je geolodko in hidrologke
%e dokaj raziskano. Vodo so prieli zajemati s plitvimi vrtinami konec
19. stoletja. Do druge svetovne vojne so izvirtali okoli 30 vrtin do globine
20 do 36 m, le vrtina na Rudenskem vrhu je globoka 100 m.

Lela 1985 so se pritele nove raziskave, s katerimi naj bi ugolovili, ko-
Itko horizontov mineralne vode je na obmoéju Slatine Radenci, v katerih
globinah so, njihove izdatnost, razsednost v prostoru, piezometriéno gla-
dino, kemidno sestave 1aztopljenih snovi in temperaturn vode.

V letih 1965 do 1972 je bilo izvrtanih prek 30 raziskovalnih vrtin, od
katerih je vriina T-1, locirana v blizim Borageve, globoks 780m, in 6
eksploatacijskih vodnjakov. ki dajejo skupaj okoli 40 i mineralne vode.
Vrtine kazejo, du le2e pod 6 do 10 m debelimi miajfimi kvartarnimi napla-
vinami terciame plasti gline, peska in redkeje peStenega proda. V pef¢enih
plasteh so bili ugotovlieni horizonti mineralne vode in so bili tudi zajeti,

Geolofki pregled, NajstarcjSe plasti sa bile v Radencih ugotovljene
v vrtini T-1, in slcer palrozajski metamarfnt skriluvel v globini 737,50 m.
Sestoje iz biotitnega blestnika, gnajsa in amfibolovea. Direkine ny pulec-
zojskih metamorfnih skrilaveih lese tortonske plasti, Tudi te plasti je pre-
vrtala vrtina T-1 v globini 626,0 do 737,50 m. Sestoje iz tenko plastovitega
pedtenega laporja, kremenovega konglomerata in peftenjuka. Na povrije
prihajajo ckoli 20 km zahodoc od Radinee ob roby Apadke kotline pry
Vrutji vasi,

Na turtonskih leZe surmatski in spodnjepliocenski sedimenti, V spod-
njem sarmatu previaduje lapor 1n pedfeni lapor s tankimi viorki peslo-
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njaka, konglomerata in peska. V zgornjem sarmatu ter spodnjem pliocenu
nastopajo lapor, pesek, peadeni lapor in peféenjak. Plasti peska so debele
do 56 m. Na povrdiu se pojavliajo te plast: v grideviu med Podgorjem in
Crednjevei pri Gornji Radgoni.

Najmlaj$e terciarne plasti pripadajo srednjemu in zgornjemu pliscenu.
Sestoje iz gline, peStene gline, peske in pedéencga proda. Debele so 5
do 3% m. V Boradevi in Sratovcih segajo 100 do 190 m gioboko, v Radencih
pa cclo dn 288 m. Glina vsebuje viotke organszke gline in 0.5 do 1,5 m de-
bele plasti lignita. ¥ peléeni glini so pogostne apnene konkrecije,

Terciarne plasti prekrivajo kvartarni sedimenti, in sicer jo bil v nji-
havem spodnjem delu odlofen murski prod s peskom in meljem, zgomii
del kvartaria pa sestoji iz pedtene gline, peska in pestenega melja,

Radenci leZe na tcktonski enoli sobodke grude, ki sesoji iz paleozojskih
plasti, prekritih s terciarnimi sedimentl debeline najved 1000 m. Razpro-
stira se v smeri jugozahod-severovzhod od Matibora proti Murski Soboti.
Sevarazahodno od {e grude poteka vzporecno podolgovata ozka radgonska
depresija, zapolnjena s 1000 do 2000 m debelimi terciarnimi plastmi. Proti
jugovzhodu prehaja sobotka gruda v prostruno ljutomersko sink'inalo,
kjer so terciarne plasti debele 3000 do 4000 m.

Zgradba terciarnib plasti je dokaj zapletena. Secizmidne in gravime-
Lri¥ne raziskave ter nuvejie raziskovalne vrtine kazejo, da so pliocenske in
sarmatske plasii poloZno nagnjene proti jugovzhodu, tortenski konglo-
merat in pesdleni lapor, ki letita na paleoeojskih skladih, pa v nasprotni
ameri (sl 9).

Terciarne in paleozojske plasti sckajo po podatkih geolodkega karti-
(unja, seizmike in vriin prelomi, ob katerih so skladi premaknjcni za ved
10m. Ti prelomi potekajo vzperedne z mejami posameznih grud in so
strmo nagnjeni ali navpitni. Predterciarna sobodka gruda se dviga skupaj
s terciarnim pokrovom ob vzporednih prelomih proti Kapeli, kjer je teme
grude, nato se ob prelomih spuséa stopnifasto proti oei ljutomerske sin-
klingle. Prelomov ni mugode zanesljive ugotoviti, Seprav so jih nakazalce
geofizikalre raziskave, ker prekrivajo terciarme plasti v gritevju debele
plasti preperine, v ravnini ob Muri pa kvartarni sedimenti. Doslej izvrtane
raziskovalne vrtine so z golovostjo nakazale prelom, ki poteka od naselja
Ptujska cesta v Slovenskih goricah prek Boradeve in Petanjee. Ob tem
prelomu so plasti premaknjene za 25 do 50 m.

Starejfe miocenske plasti nahajamo na kritih soboske grude, na temenu
pa manjkajo. MoZno je, da sploh niso bile odlozene, ali pa jih je odstra-
nila erozija. Na temenu so zastopani le panonski in mlaj§i miocenski sedi-
menti, kar dekazujejo raviskovalne vrtine.

Hidrogeoloike rarmere. Stevilne raziskovalne vrtine, izvrtane v letih
1965 do 1972, kazejo skupne s podatki detajinega geclotkega kartiranja, da
je v okolici Radinee ved vodonesnih horizontov z mineralno vods, Kvar-
larni prod je prepojen s podialnico, izyemoma pa vsebule tudi mineralno
vodo tam, kjer prihaja v stik s terciarnimi peséenimi plastmi, ki vsehujejo
mineralno vedo. Do Ieta 1885 so izkoriSéali v Radencih, Boradevi in Pe-
tanjcih mineralne vodo v plitvih zajetjih v kvartarnem produ in delno
v plieccnskerm pesku. 2¢ prve raziskovalne vriine v Boratevi so pokazale
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v pliocenskih in miocenskih plasteh deset tanj§ih in debelejdih pedtenih
plasti 2z mineralno vode do globine 313 m. Kasneje je vrtina T-1 §la skozi
porozne plasti tudi globlje, vendar j¢ dala v plasteh pesenjuka in konglo-
merata v glavnem CQO,, medtem ko je mincralne vode malo-

Leta 1970 in 1971 so raziskovalne vrtine pokazale, da se vodonosne
plasti nadaljujejo od Borateve prot1 Sraloveem in na nasproini strani
jugovzhodno proti Rihiaroveem, Vodonosne plasti, ki so pri Sratoveih
v globini 75 de 140 m, s¢ v Rihlareveih ze v globini 178 do 280 m. Ob pre-
tomu so vodonesne plasti med Boradevo in Sratovel spuSlene za 50m.
vodonmene peltene plastl so nagnjene proti jugovzhodu. Po podalkih vrtin
padajo plasti med Sralovel in Radenci ped kolom 4- 5% Njihova izdalnost
je odvisna od njihove poroznosti in debeline ler od kolitine raztopljenega
plina (CO.). Po podatklh raziskav naraitata z globino temperatura in pri-
tisk v horizontih mineralne vode, 7 globino naraféa tudi koliéina raztop-
lienih mineralnih snovi,

Terciamme plasti, ki vsebujejo mineralno vodo, se dvigajo proti Sratov-
cem in Orehaveem, tore] proli severozahodu. V isti smer pada tudi koli-
dina mineralnih snovi v vodi posameznih vodonosnih herizontov, medtem
ko narafta z naraddajodo globino vedonosnih horizontov proti jugovzhodu,
Iz tega sledi, da se vodonosni pe¥feni horizonti napajajo iz vrhnje prodne
plasti na obmotju Sratovci-Meie,

v starih plitvih zajetjih sc zaradi prevelikega izkorstanja mincralne
vode zniZuic koncentracija mineralnib snovi, ker se porudi naravno ravio-
tezie med kolidino mineralne vode, ki prihaja iz primarnih vodonosnih
plasti v kvartarni prod, in podtalnico v okolicl. V globokih zajetjih, ki ni-
majo direktne zveze s podtainice, bi priflo do negativnih vplivov le v pri-
meru, & bi eksploataciia daijso dobe presegala naravni dotok iz obmoéja
napajanja. Zato je naloga nadaijnjih hidrogeolodkih raziskay, da dajo od-
govor na problematiko radenskih minetalnih vreleev v zvezi z ohranitvijo
ravnotetja med nastasjanjem in kvaliteto mineralne vode na cni strani ter
uporabo na drugi strani.

5.3. Nuskova na Gorilkem

Leta 1967 je v Nuskovi INA-Nafta Lendava zajela mineralne vodo
» dvema plitvima vrtinama v neposrednl bliZini starega zajetja. Iz ene od
cbeh vriin je leta 1968 iztekala manj¥a koli¢ina mineralne vode, ki jo je
uporabljalo okolifko prebivalstvo.

Leta 1068 in 1969 ic izvrtal GeoloZki zavoed Ljubljana b vrtin na levem
in 2 vrtini na desnem bregu Ledave.

Raziskave o pokazale, da vsebuje mineralno vodo mipcensk) apnenéey
peséenjuk, debel 2 do 15m. Vedonosna plast pada polong pod kotom
S__10* od severozahoda proti jugovzhodu, Izdatnost vodonosnega horizonta
se od vrtine do vriine menja. Odvisna je vd prepustnesti in debeline vodo-
nosne plasti ter niha med 8 ¥min. do 180 L'min. V 4 vrtine so bile vgrajene
plastiéne cevi, Od lcta 1869 se jo izdatnost stabilizirala in se konlrolne me-
ritve v sudm dobi pokazale, da bi bilo meino izkoridéati najmanj 11 m*h
mineralne vode.
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Raziskovalne vrtine seo zajele powvrdine okoli 0.5 kmt Sirde vreléno
obmodje ni hilo raziskano, 2ato bo treba z nadaljnjimi raziskavami dolediti
njegov obseg, zaloge mineralne vode in kolidino, ki jo bo moine izkoriséati.

6. Termomtineralni vrelci v Prekmurju in Slovenskih goricuh

Termalno vodo v Prekmurju so odkcdli pri vrtanju, ko so iskali nafio.
Najprej je pritekla iz vriine Mt-1 v Moraveih pri Murski Soboti pri na-
streljevanju miocenskega peddenjaka. Sledile so raziskave termalne vode ¥
v drugih vrtinah v okolici Murske Sobote, Lendave in Ljuiomera. Po po-
datkih raziskovalnih vrtin za nafto se terciame prepustne plasti proti jugu
nadaljujejo na Plujsko polje, na severu pa na Goridko, kjer prihajajo na
povrije,

Termomineralna voda je skumulirsna v mlajéih terciamih plasteh kot
reliktna voda. Njene zaloge niso neizérpne in jo bo treba prav zale racio-
nalno izkorif¢ati. Napajanje poroznih pedfenih plasii je mozno le z Go-
ritkega.

Termomineralno vode ickonstajo v Moraveih pri Murski Soboti, Peti-
Sovcih pri Lendavi in Banoveih pri Ljutomeru.

6.1. Moravei prt Murski Soboti

Poleg vrtine Mt-1 v Moravcih imajo $& vrtino MS-3 v Mlajtincih in re-
zervio vriino Mt-2 pri Rimski Cardi. V vrtine Mt-1 priteka termomine
ralna voda po nastrelitvi iz globine 1115m do 1234 m, Skupno je na tom
adseku perforirane 30m v slabo vezanem pe2¢eniaku. Voda vscbuje nad
5gf CO, in ima temperature 72 do 75 °C.

WV vrtini MS-3 v Mlajtincih je voda zajets na odsckn 1221 m do 1241 m
v enakem pcdtenjaku kot v vrtini Mt-1. Skupne je bilo perforirano 7m.
Voda vsebuje CO, in ima temperaturo 62 do 64 *C.

Rezervou vrtina Mt-2 pri Rimski Cardi je bita perforirana v globini
881 m do 883m v cnaki plasti kot vrtina Mi-1 v Moraveih in v globini
1247 m do 1251 m. Voda vsebuje CO,, njena temperatura pa je nizja kot
v nstalih dveh vrtinah in znasa 55 ¢C,

Skupna izdatnost vseh treh vrtin ni bila toéno ugotovljena. Po pribliZni
aceni doeeze okoli 50 m¥h, Z nastrelitvije celotnega zgornjega vodonosnega
horizonta bi bilo moino izdatnost poveati, vendar Je trcha vzporedno
ugotovili optimalne kolidgino, da bi akumulirane rezerve trajale ¢im dlje,
V poletni sezoni porabijo dnevno okoli 500 m?* vode, medtem ko se pozimi
poraba zmaunjsa.

6.2, Petifovct pri Lendaui

Termalna voda s temperaturo 55 °C tefe iz baftne vrtine Pt-20, nastre-
liene v glabini 817m do 822m. Je nizko mincraliziruna in vsebuje CO,
le v sledovih; zale se preliva {2 vrtine na koti terena le 24 m*h. Ta koli-
¢ina je premajhna in jo za potrebe rekreacijskega bazena povedujejo s éra
panjern. Vodonusni horizont 5o pliccenske rhomboiden plasti. ¥ bli2int
vrtine Pt-20 je perforirana v istem vodonosnem horizontu $e vrifna Pt-18.
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6.3. Banovci pri Ljutomeru

Vv Banoveih nastaja tretji center ob zajelju termalne vode v vriini Ve-1
v globini 1358—1363m ter v vrtini Ve-2 v globinah 1175—1188 m, 1530
do 1542 m, 1565—1570 m in 184B—I651 m. Vodontiosni horizont so peddene
rhomboidea plasti. Temperatura termalre vode je 55 'C in ne vsebuje CO,.
Pod pritiskom se preliva na koti terena okoli 5 m?%h. Za potrebe rekreac-
skega bazena je termalno vodo treba rpati. Zaloge vode niso bile ocenjene.

V bodode bo treba zbruti in obdelati vse podatke naftnih vrtin in dru-
gih gevloSkih ter geofizikalnih raziskav, da bi mogli oznafili cbmotja,
kjer je pritakovati horizente termalne vude. Oceniti bo treba zalege ter-
malne vode in 3ele na tej podlagi delogiti njeno smotrne uporabo, Sedaj
vrtajo globoko vrtino pri Ptuju in raziskujejo vrtino Ko-1 Tkm severnu
od Ormoia.
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Abstract

Theanal and mineral waters of Slovenia occur mainly in its north-
eastern and central part. 'he paper deals with 22 thermal, 3 thermomi-
neral, and § mineral water occurrences. Mosi ©f ihese ocrurrences have
more than one spring in each occurrence, only a few have just one spring.

According ‘o temperature the thermal springs can be grouped under
three categories. The springs of the first group have temperatures ranging
from 18 to 25°C (ten occurrenees), those of the sccond group 25—35'C
(six occurrences) and of the third group 35—84 °C (six oecurrences). Their
main particularities are the constant temperatures and discharge rates,
and a dissolved solids content of up te 0,5 grams per lilre of water, origi-
nating mainly from Triassic dolomile. The source of water supply is me-
teoric water; the hot springs are associated with secondary fauils running
at right angles 10 the main faults.

The themmomineral waters, having temnperalures 53 to 75 °C, are accu-
mulated in Tertiary beds as connale waters. They have been found during
cxploration for ¢il in depths ranging from 80¢ to 2000 metres.

Mineral waters rise io the surface Itom Tertiary sedimenls. Their
discharge rales are essentially lower than those of the thermal springs.
The mincral waters are recharged frcm meteoric water. Their high CO,
cantent is considered to be released from carbonate rocks. The higher
dissolved solids content, amounting up lo 10 grams per litre of water.
indicates a slow underground waler flow.

According to the preliminary results of the hydrogeological studies
shallow wells having been affected by ground waler were abolished and
deeper discharging wells were completed in the past two decades, In this
way larger outpuls of thermal and mineral waters were gained and the
influence of ground waler was ehiminated. At present there are nine well
developed thermal springs in Slovenia. Remerkable results were obtained
at Catefke Toplice, where the wells yield up lo 120 litres per swcond of
water at 80°C, and a¢ Radenci and Rogalka Slatina, where the water is
used on a large scale for medical, bathing, and drinking purposes. In 1972
the sale of bottled mineral waters from these springs amounted to three
hundred million litres,

The investigations have to be continued; up to now they gave new data
about the origin of the thermal and ineral springs, and are & religble
basis for programming and execution of the necessary further works,

1. Introduction

Slovone thermal and minerals springs are regarded as important na-
tural resources. Their healing powet has been recognized long age; archeo-
logical findings at Rimske Toplice prove that a spa existed there in Roman
times. Histofians suggest the same for the Roga¥ka Slaiina mineral
springs, while the Radenci springs have been found hundred forty years
ago.

The water supply exisled until recent times of shallow wells only. As
ithe thermal and mineral waters appear in the valley beds of rivers and
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rivulets, the shallow wells were influcnced more and more by the ground
water. Therefore the temperature of the thermal water dropped and the
mineral water properties did not correspond to the inereasing demand.

The deterioraled state of the shallow wells was (he reason for starting
systematical investigations of the primary water-bearing heds in greater
or lesser depths beyond the zones influcnced by the ground water and
surface water flows.

Basic hydrogeological exploration was completed in Dolen iske Toplice,
Smarjeske Toplice, Lagko, Rimske Toplice, NDobma. Topolisica, Trbovlje.
PodZetrtck, Bled, Pimite and Nuskava. Tn more detail were investigated
the water-beuring strata of Cateske Toplice, Radenci and Roga§ka Slalina
{Fig. 1). Chemical anaiyses of the mineral and thermal waters were carried
out too and will be published later in the papers dealing with particular
spring areas.

It is specially necessary 10 acknowledge the activity of the Boris Kidri¢
Foundation, whose support by colinancing and loans was of essential
impact in resuming the exploration of thermal and mineral waters of
Sloventa,

2. General charactetistics of thermal and mineral waters of Siovenia,
and their regional disttibution

In Slovenia ihere are two types of thermal waters, that differ in origin
and in physical and chemica! properties as well. The first type represent
the well-known thermal springs with water rising 1o the surface from
dolomites and limestones for longer times already, and being generally
considered as permanent water sources. In properly constructed supply
horehcle installatinns their yvicld and water temperature are constant.
Their water eontains up to 0.5 grams pec litre of dissolved solids, This low
vontent of dissolved mineral matter, as well as ils constani compaosition,
indicate an underground circulation of waters, which permeate from the
surface to the underground, are heated by geothermic energy, and rise to
the surface usually through fissurcd zones associated with faults. During
exploitalion of such thermal sources it was found that springs of higher
ternperatures appear in the vicinity of deep faults and their temperature
depends on the extension of the thermal zones, the lithological cornposition
and position of the water-bearing beds, and on their insulation ngainst
the earth surface. Wherever water-bearing carbonate rocks are oul-
cropping, the thermal water is cooled in the shallow subsurface due to
contact with ground water and air. Usually the influence of ‘he cooling
factors extends deeper than the zone of annual temmperature variations,
depending un the exicnsion of the pervious 2oncs and their permeabilitiey.
The pervious rocks are usually saturated with cold ground water. There-
fore besides the main thermal springs with highest temperalures, secon-
dary springs are found as well, Their temperatures may be sometimes for
some tens of degrees lower than those of the main springs.

The cold ground water that fills the porous zones in dolomites main-
tains the piezometric level of the thermal springs. The thermal water
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rises from the underground through the tost permeable parts of the
waler-bearing zones. The yield of the thermal springs depends on the
piezometric level of the cold ground waler at a given elevation. Due to the
low average permeability coefficient of ihe dolomite (k= 1. 10~ em/sec)
the annual varialions in the discharge rate of thermal springs in dolo-
mites do not vary for more than 10 percent. This holds for the natural
flow of thermal water to the swyface. The common characleristic of this
irst type of Slovenian thermal water sources is that their main aquiler
is dolomite; only Dobrna might be an exception.

The second type of Slovenian thermal waters is recorded as thermo-
-mineral water, found during exploratory drilling for oil in Meravei, Peti-
Zavei and Banovei (Fig. 1). They contain ten grams of dissolved solids per
litre of water, and are accumulated in sandy Younger Tertiary beds. Due
10 the considerable depih of water-bearing beds a natural recharge is pos~
sible only from limited catchment areas. Therefore in this lypes of waters
ihe question of their rational use, based on a triae assessment of explol-
table reserves, js of highest importance,

Mineral water springs occur in Prekmurje, in the Slovenskhe Gorice
hills, and in the surroundings of RoguSka Slatina (Fig. 1). The mineral
walers are cssentially springs of thermo-mineral walers, cooled awhile
rising towards the earih's surface. This can be proven by the higher tem-
perature of the same waters when measured in bore holes. In the sur-
roundings of Rogadka Slalina and Radenci, in depths of 300—600 metres,
temperatures of 30—40°C have been measured while the springs at the
surface were of average annual temperature of the surroundings.

3. Thermal watetr sources from carbonate rocks

Thermal springs from carbonate rocks are closely related to the lee-
tonic structure of their surroundings; accordingly they can be divided into
more groups.

3.1. Thermal springs in the Ljubljena ead Radovljice Basing

The common characteristics of the thermal springs of this group are
their appearence at the surface near shallow secondary [aults, usually in
distances of 4 few kilometres from the main faults; and secondly (heir low
temperature between 19 and 26°C. Tt (s considered that the normal geo-
thermal geadient is the only source of heat for most of our low-iemperu-
ture springs. For example, during drilling in Bled the water temperature
was measured 18°C at a depth of 550 metres. Therefore in Bled the geo-
thermul gradient is lower than average. The low temperature of the
springs indicates & low geothermal gradient and low primary temperatures
rather than an influence of cold ground water.

To this group of thermal springs belong besides those of Bled also the
springs in Zgornja Besnica, Spodnje Pimi2e below Smurna Gora, Hotavlie
in the Kopagnica Valley, and Furlanove Toplice near Vrhnika, The main
dauta about these springs are given in Table 1.
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Table 1.
Thermal springs in the Ljubljans and Badovifica Bastns

Bled 10—22 12—14 dolumite
Zgornja Besnica 21 1,5—2 dnlpmite
Spadnje Pitniée 13,5—28 5.-8 dolomite
Hotavlje 21 L dolomite
Furlanove Toplice 21 15 limestone

- - — —_— — — —— — i ——

Rasic exploration was carried out in Bled and Spodnje Pirnite only.

3.2. Thermal wprings in the eastern extension of the Kaeravenke
Mountain Runge

The thermal springs of this second group rise to the surface along
secondary faults occurring between the Sodtanj and Smrekovee main faults.
Their temperatures are in average higher thun those of the First group
(Table 2}. The temperatures of the two springs in the west, Topolitica and
Dobrna, are higher, because the springs are situated at the contact of
impervious Tertiary rocks and Triussic limestone and dolomitized lime-
stone. The characteristics of the springs in Stranice and Zbelovo near
Poljéane arc similar to those of the thermal springs of the first group.

Table 2.
Thermal springs in the Erstern Extension
of the Karavanke Monntain Range
. Temperatury Discharge rate .

Rlte o litros per seewund Ayuifer
Topolidics 20—31 26 limestuony
Dobrna 33,536 6,5—H limesione
Stranlee 21 20 dolomite
Zbelovo 18,5 45 dolpmite

Easic exploration was carried oul in Topolgéica and Dobrna nnly.

3.3. Thermal springs in the Sava Folds

The thermul springs of the third group appear in the Sava Folds re-
gion. In the boundary zone between the Sava Folds and the foothills of
the Kumnik Alps arc the thermal springs Vaseno in the Tuhinj Valley,
and al Fodlog neur Sentpetcr in the Savinja Valley. All other thermal
springs of this group, being also of higher im.portance, are situated along
the Lefka Synclinorium. From west {o eust follow Izlake, Trbovlje, Rim-
ske Toplies, Lasko, and Podfetrlek (Table 3),
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Table 3.
Thermal springs in the Sava Folds

Temperature Discharge rate

Sile litres per second Aquifer
Vaseno 21--28 20 dalamile

Podlog 1821 5—18 limestone ‘dalomite
Medijske Toplice 21—23 1 dolomite

Trbovlje 32 12 dolomite

Rimske Toplice 36—11 6 delomlte

Laiko 3433295 1B dolomite

Podletrtek 34—37 25 dolomlte

Basic hydroseological cxploration was carried out in Trbovlje, Rimske
Toplice, L.adko and Podtelriek.

3.1, Therma!l springs in the Krka Valley

The greater part of the thermal springs in the Krka Valley occuts on
the right bank of the river, below the slopes of the Gorjanci hills: Do~
lenjske 'Toplice, Toplifnik neur Kostunjevica, BuSeta Vas, and Catedke
Toplice. Only Smarjegke Toplice and Klevevz are situated on the left bank
of the Krka river (Table 4).

Table 4.
Thermal springs in the Krka valley

. rature ischarge ra 2
Bt et litres Gor prsectl Agutes
Dolenjske Toplice 32—384 2021 limestone dolumite
Smarjedke Toplice 28—34.5 40 limestone;dolomite
Klevevz a2 6 dolomite
Toplitnik near 21—2% 30 limestone; do.omite
Kostanjevica
Buseta Vas 26—28 30 l:mestone;/ do.omite
Cateike Toplice 57—64 110—120 dolemite

Basic and informative exploration was carried cut in Dolenjske Toplice,
Smarjeske Toplice: and Toplignik; Catelke Toplice were studied in detail.

4. Summary description of hydrogeclogical exploration
of ihurmal springs in carbonate rocks

4.1. Bled

Till the year 1958 only the temperatures and discharge rates were mea-
sured of the spring in Hotel Toplice and of the secondary springs in its
surroundings. These muvasurements were followed by drilling of 2 shallow
bores, pumping tests, and thermclogging of the bores in 1858, During 1967
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and 1968 eight additional shallow bores and one deep well were drilled.
The laller struck inflows of thermal water in the depth interval between
546.0 m to 568.0 m, with a yield of 7 litres per second of water of a lem-
perature 19°'C.

The surroundings of Bied consist of Permian, Triassic, Tertiary, and
Quaternary rucks. The deep well indicated the following rocks and their
apparchl thicknesses: from the surface to 60.0 m Quaternary lacustrine
and glacial sediments, 1o 108.0m Oligocene murine clay, and to 546.0m
grey dolomite. To 5776 followed dark grey limestone representing the
main aquifer. and linally dark grey dotomite to the bottom of the weil
at 587.6 m. OF interest is the Oligocene marine clay in the well. as it is not
encountered in the surroundings of Bled, being everywhere covered by
overlying Quaternary sediments.

In the surroundings of Bled therc are many faults of NW-SE direction.
Along one of (hese faults the thermal water found its way to (he surface.
It is prcbable that the well penetrated this fuult us well, as is indicaled
by the intensively fissurated and broken dolomile and limestone.

In the swreundings of the thermal springs in the Hotel Toplice ihere
are two aquifers bearing thcrmal water. The shaliow one is represented
by the Quaternary lacustrine sediments, with small quantities of thermal
water in the gravel. From these beds the thermal waler percolates inlo
u few springs of low yield over un area of about 15 hectares. The highest
temperature amounting to 21°C was found in a dug well at Stare's. Into
this shallow aquifer the thermal water flows from the Triassic dotomite,
probably along its contact with the Oligocene marine clay.

4.2, Pimiée below Smaerna Gora

Till the year 1972 the discharge rate and temperaturs of the Spring was
measured perindically. Data from these measurcments vary in discharge
rate frem 6 to 8 litres per second, and in temperatures from 18 to 23 °C.
In 1972 three reconnaissance bores were drilled. which indicated that the
thermal waler rises from the depih long the contact of Triassic dolomite
and impervious Tertiary marl. The carrier of the thermal water js a fault
in NW-SE direction. The highest temperature was measured in the bore
V-2/72 amounting ‘o 20.5°C, This temporature is for 2.6 %C lower than
the temperature of the spring during the extremely arid summer of 1971,
Therefore it van be assumed that the thermal waler is mixed with vold
ground waler in the shallow zone before rising to the surface As the
spring is situated ncar the town Ljubljana, it would be worthwhite to
continue exploring, and to separate the thermal water from the ground
water,

4.3, Topolifica

The exploration started in 1970, The surroundings of the thermal
spring were hydrogeologleally mapped in scale 1: 10 000, Simultaneously
observations and measurements were carried out on all Springs encoun-
tered in the mapped area, In this way it was feund that the discharge rate
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of the thermal spring, at average ground vwaler fevel, amounts to 30 ltres
per second at a temperature of 31°C.

Surveys of the surface were {ollowed by drilling of 5 bores, tha:
[umished dala about the geologival structure of the thermal springs'
hinterland, as well as indications about hydregeological relations down to
the depth of 220 metres.

Subsequently, in 19872, water was colaured at the swallow holes near
the rivulet Strmina, at an altitude of about 500 m. The tracer colour
reappeared after 45 hours in a cold spring near the thermal spring, and
after 70 hours, vory diluted, in the thermal spring itsell. The distances
froon both the thermal and cold spring to the swallow hole amounts to
1.1 km, the difference in altitude being 130 metrgs, The surroundings
of the thermal spring Topo:dfica consist of sediments of Quaternary,
Terliary, Triassiv, and Younger Palezoic age. Quuaternary sand. gravel,
and silly clay fill the valleys of the rivulets; the mountain slopes are
mantled by scree. Tertiary is represented by Pliocene sedimenis and
Oligocene marine clay with andesite tuff intercalations. In the Saletka
Dolina Pliocene lignite beds are spread over a4 wide area. Triassic lime-
stone, dolomite, shale, limestone with chert, and conglometate are hydro-
geologically the most important rocks, Limestone and dolomite represent
the main aguifer of thermal and drinking water in Topnl3icu. The Palco-
roi¢ beds cunsist of the Permiun grey limesione, accompagnied by conglo-
mera‘e, quartz sandstonc, and shale, and ¢f the Carboniferous shale and
quartz conglomerate,

The thermal spring Topold€ica is closely related to the fault, where
impervious or nearly impervious Tertiary strata are in contact with
Triassic limestone. The thermal water rises 1o the surface throuph fissutes
of transverse direction to the fault. In the immmediate hinterland of the
thermal spring the limestone is karstified. Tn it the thermal water is in
sonnectinn with cold water. Due to such hydrogeological conditions the
temperature of the water varies between 28 and 30.6 *C. The bores pene-
trated caverns, that were partly filled by clay. The thermal water rises
from the underground in a particular zone only. The primary water {low
could not be found by drilling. This will be the main task of the following
exploralion, that has to reach greater depths.

44, Dobrng

In the ycars 1963—1966 a hydrogeological survey was carried out
in the scale 1:5000. Subsequently 8 bores were drilled to depths ranging
from 120.0 to 650.4m. The discharge rate in the old supply well was
determined by pumping tests before drilling started. Depending on extra-
neous influences it varied from 5.88 to 86.64 litres per second of thermal
water with a temperature of 38%C, at an efllux allitude 367.3 metres.
Simultaneously & quantity of 1.5l/sec was flowing directly into the
eovered basin, The results of the exploratory bores were as follow: In
bore V-1, situated immediately at the bathing establishment in the
northwest of the well, In the depth interval from 0.0 to !75.0m there
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wax limestone. The bore penetrated water-bearing fissures already in the
depth of 2.35 m. They were in direct connection with the covered bathing
basin, as drilling fluid was observed entering the thermal water in the
basin,

Inflow of th¢rmal water was obscrved in the complete interval from
2.5 to 50.0 metres, and in the depth 1380 m as well, Dudng drilling the
interval {rom 11.0 o 50.0m the drilling mud penetrated strongly into
the thermal water well, and the water temperature decreased simul-
taneously, which indicates an interconnection between bore V-1 and the
thermal well. When the bore reached the sceond thermal water inflow
at 138.0m, lhe wuter in the supply well became slightly muddy again,
Pumping tests delermined output and temperature of (he thermal water
in both wa‘er-bearing intervals of this well.

The bore V-2 was situated 30 metres in the east of the old supply
weil. with the intention to determine the thickness of the impervious marl
overlying the limestone, and to try linding thermal water. The bore struck
limestone at the depth of 26.0m. Down to the finul depth of 120.0m
no thermal water was lound, but the temperature in the bore increased
with depth up (o 26.1°C at the bottom of the bore. This indicated a
geuthermal gradient of about 1*C per 12 metres, and suggesled the
adjacert thermal! zone. The fissures in the Limestone were filled by
yellowish sandy clay. Traces ef such clay have been found in water-bearing
fissures in other boves as well, therefore it is allowed to assume that this
yellowish sandy ¢lay is a sediment of the lhermal water.

The site of the bote V-3 was chosen according to the results of bores
V-1 and V-2, It is 17 metres south of the old supply well in the inner
courtyard of ‘he bathing establishment, The impervious cover of Quater-
nary silty clay and Miocone marl reached a thickness of 16.7 mctres,
below it was limestone. The first inflaw of thermal water occurred in
the depth of 82.0m in cavernous limestone. The pervious, fissurated and
partiy cavernous zone continued (0 a depth of about 95 m. Pumping tests
and thermelogging indicated the highest temperature of the water 34 °C
in the depth of 82.0 m.

The fcurth bore V-2 was located aboul 12 melres northwest of V-1,
Below a 3.0m thick stratum of silty eclay there was limestonc up to the
final depth of 120.0 m. There were no inflows of thermal water, but cnld
water was struck in the inlerval from 6.1 to 21.4m dep:h, with tem-
peratures 10.5 1o 12.0°C. By thermologping the tempersture of the bore
was muasured, amounting to 12,5 *C at 3.0 m depth, and increasing steadily
10 30.9°C in 115 metres depth,

In a distance of 186 m southwest of the supply well the bnre V-5 was
drilled. Although situated kn the immediate vicinity of outcropping
limestone, it went from top to bottom at 260 m through sandy marl only.

The main purpose of drilling bore V-6 wus to obtain dauta on hydro-
geologicul and geothermal conditions in greater depths. The bore was
sitvated only 45 metres from V-3, whose temperature was the nearest to
the lemperature of the old supply well. The bore penelnited sandstone
and sandy marl, Oligocene limestone, and Triassic Lmestone with u fow
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dolomite layers. Surprising were the results of thermologging, which
ingicated a temperature of 45°C in the depth of 200 m. During the pumping
test at an outpul of 4 litres per second from the depth interval between
150 to 320 metres, at a drawdown of 30 metres, the temperature of
48.5°C was measured,

The surroundings of Dobrma consist of Qualernary, Tertiary and Tnassie
rocks. The thickness of the Quaternary silty clay with rare gravel inclusion
is belween 3.5 and 8.5 metres. The Quaternary sediments are of greatest
thickness in the Toplica river valley, in secondary rivalets they are thinner.
Tertiary is represented by sandy marl, quartz sendstone passing into
{uffite, limestone containing oysier remnants, and andesite with (uffs.
The hills in the north and northeast of the thermal springs are built
from sandy marl. This sandy marl is contiguous to quartz sandstone,
that consists of quartz grains cemented by calcite; admixtured in the
sandstone are grains of mica, chlorile, and voleanic ash, The quartz
sandstonc is bovdered on its southern side by Oligocene and Triassic
limestones, which form the hill Kurjek, Triassic and Qligocene himesiones
are very similar, therefore it is rather difficult to define their boundary,
ecpecially in bores. Oligovene limestone differs from the other by con-
taining oysler shells, and in some places Oligocene microfauna. Sandy
mar] belongs mainly lo Tortonian, only ita lower part to Helvetian; the
quartz sandstone with tuff admixtures belongs to Lower Miocene, and
probably to Upper Oligocene as well. The limestone with f{ossil rernnants
of oysters and liny pummuliles represents (he basal beds od Tertiary
underlzin by Iriassic limestone.

Detailed geological surveying aseertained in the vicinily of Dobrna
twe faulls, important for the flow of thermal water 1o the surface. The
older fault, of W—E direction, is distinguished at the surface by patches
of Oligocene limestone in Lower Miocene sandstone. This older fault has
been cut by the second fault of a SE—NW direction; along this fault
the eastern Tlank sunk down. The fault plane is inclined towards northeast,
Besides those two faulls Uhete are some smaller faults and fissures, One of
shese fiszures is in Oligocene limestone in the immediate vicinity of the
thermal springs. Both main faults have dissected an anticline, whose core
in the west consists of Middle Triassic limestone. '

The thermal waler rises o the surface along fissures, that are in some
piaces widened into caverns. The aquifer is limestone, enclosed by im-
pervious rocks fram sll sides, Therefore the thermal springs originaied
in the immediate vicinity of the contact betweeen limestone and sandy
marl at the brink of the Toplica river valley. The bore V-8 struck a
waler-bearing cavern at the depth of 813.85 metres, which is connecled
with the shallow dug supply well for thermal waler. The other bores
indicate vonnections with the existing thermal waler installations as
well, but only the water in V-6 had the same temperature as that in
the dug well. Therefore a direct connection between the eavern in the
depth of 813.85m and the well can be assumed, with a very high rising
velocity of the thermal water. The warmest zone is in the depth of 120
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lo 320 metres, where the temperalure of 45°C was measured. As the
impervious sandstone barrier encloses the limestone from the south, and
as the warmest zone was detected in the south of the springs, it is very
probable that the faull in the south of the thermal springsy transmits the
higher temperature from the depth. The warmest zone is in the limestone
immediately below the sandstone.

The thermal zone is bordered in the north by eold water that drains
into the limestone in the immediate hinterland of the thermal springs,
This is indicated by the cooler water in the covered busin and by the lower
temperatures inside the bores in the vicinity of the supply well. The
stable temperaiure of the (hermal watetr in the supply well indicates
that the main channcls carrying thetmal water (o the surface are insulated
from the cold waler in the shallow zone.

4.5. Trbovije

Near the Cement Factory Trbovlje an exploratory bove was drilled in
1867. In the depth of 450 metres thermal water appesred from dolomite.
The discharge rate was 12 litres per second at a temperature of 32°9C.
The drilling si‘e was chosen on the basis of an inflow of thermal water
of negligible quantities, but of a temperature of 18*C into the basemcnt
rooms of the Cement Factory. The carrier of the warm zonc is a feult,
stroking from north to south, and dividing in the north of the bore the
Trhovije Coal Basin from the Zagorje Coal Basin.,

4.8. Rimske Toplice

Rimske Toplice are the only Slovenian thermae where the thermal
water emetges above the bottom of a valley. The difference in altitude is
about 40 metres, There existed two shallow dug wells, which deterioraled
considerably after 1956, The piezometric level dropped, and the thermal
water stopped to flow to the bathing establishment, This was the reason
{or starting hydrogeological studies in 1958, Two bores were dvilled,

Aboundant thermal water was found in the depth intervals 64.65 1o
T2.70m, and 76.70 to 87.85 metres of the bore B-1. Stecl pipes of 113 mm
diameter were installed to the depth 4624 m, and stcel pipes of 88 mm
diameter from 40.0¢ to 95.0m, The latter were subsequently perforated
in the depth of buth main thermal water aquifers. From 85.0 to 151.7m
the borc collapsed.

The bore B-2, 1043 m deep, penetrated the main thermal aquilers ip
the depth intervals 49.8—61.8 metres and 688—72.8 metres, somewhat
higher than the bure B-1. Steel pipes of a diameter 128 mm were inslalled
[rom top to the depth 86.2m, and perforated from 49.3 to 86.2 metres.
Both bores wcre developed for exploitation. Pumping tests in bore B-t
yielded at a drawdown of 1.10 metres 450 litres per minute of waler with
a temperature 39*C, whereas the highest temperature measured in thoe
bore itself was 41 *C. Bore B-2 discharged 160 Mtres per minute of over-
flowing water at a temperature of 399C; by pumping at a drawdown of
2.70 m the bure yielded 800 litres per minute of water having a tempera-
ture of 39°C,
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The thermal water at Rimske Toplice is pumped from water-bearing
dolomite which is enclosed from all sides by impervious rocks. It is
of special importance (hal the dolemite is insulated against the valley
of the Savinja river by impervious Carboniferous and Permian shales,
Therefore the piezometric level of the thermal water, or the altitude of
the water overflow respeclively, are situated rather highly above the
battom of the Savinja river.

In the hinterland of the thermal springs the dolomite iy saturated with
cold water. From this water depend the hydrogeological conditions of the
Rimske Toplice thermal region. In the last decade the piezomelric level
of the thermal water sunk first in the dug wells, and later in the supply
boreholes, The total drop of the piezomelric level since 1956 amounts 1o
1.0 metres. The thermal water level depends upon the pressure exerted
by ¢old ground water accumulated in the dolomite in the hinterland of
the thermal springs. It is supposed that either 8 damage occured to the
impervious shaly barder, or that this barrier was lowered, which caused
a drop of the piezometric level of the cold water. Consequently the piezo-
metric level of the thermal water sunk as well, and reduced the discharge
rale of the springs.

The decrease of the piezometric level of the thermae might have been
caused partly by the deterioration of the old dug wells as well. Today
the walls of these wells are nol tight, ard their bottoms, based on the
dolomite. are in bad repair as well. Therefore il is necessary 1o seal up
both old wells, as well as their immedlate surroundings. In any case the
causes for the decrease of the piezometric level should be found, so as to
avoid irteparable damages to the thermal system.

4.7. Ladkn

The thermul springs of Ladko are situated in the north of the Tertiary
Lasko basin. Due to the Oligocene coal beds, the vicinity of Ladko has
been in the past frequently geologically surveyed. Already in the sceond
half of the former century the coal-bearing beds have becn studied rather
thoroughly, and for the interpretation of the geological conditions the
Mesozoic and Paleozoic strata underlaying the coal beds as well.

The Lasko thermal water was for the first time made available for use
in 1852. In 1036 the installations were so badly deterioraled, that repair
was necessaty. The average temperature of all thermal springs in 1936
amounted to 369C, All thermal springs with significant discharge rates
were tapped scparately and condueted to the main well dug down to
dolomite. Due to the influence of both the Savinja river and the ground
water in Quaternary gravel, the temperature of the thermal water de-
creased later from the original 36 1o 34 'C. If was therefore decided in
1965 to perform hydrogeological studies, with the aim of tapping the
thermal water in greater depths and lo ciminate the influence of the
Savinja river.

During the years 1965—1967 seven bores were drilled, The first ihree
should give basic information about the exlent of Triassic end Paleozoie
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strata below the Quaternary alluvial deposits of the Retica and Savinjs
rivers, and should indicate the most favourable drilling sites for deep
wells in the arca of waler-bearing dolomite,

The bure V-4 was situated 33 metres NW from the old dug shaft
(Fig. 2). It went through dolomite and penetrated a fault plane between
dolomnite and Permian sediments in the depth of 164 metres. The main
inflow of thermal water was in the depth interval 98.0—115.0 metres.
Pumping at a drawdown of 0.17 metres yielded 6 litres per sccond of
thermal water at 39 °C; such a temperature had not beer reached in Lasko
up {o then. T'his bore wass later reconstructed for exploitation. At a
drawdown of about 1.5 metres its discharge rate is 12 litres per second
at a temperalure of 334 °C,

The bore V-5 was drilled aboul 80 m in the south of the bore V-4,
and was 6605 metres deep. Here the Quaternary sediments were 85 m
thick. and down to the bottom of the bore followed Triassic dolomite
(Fig. 2). Pumping tests, thermologging, and observation of piezometric le-
vrls conducted during drilling indicated theinterval of highest temperature
between 129m and 145 metres, The piezometric level increased from
the altitude 217.33 as the bore struck the first thermul aguifer in 60 retres
depth to the aititude of 224.57 metres, as the bore struck thermal water in
the depth of 492 metres. As the altitude of the outlet of the will cusing
is 220.78 m, the difference in piezometric levels caused overflow of
4.8 litres per second of thermal water having a temperature of 30.5 °C,

By drilling the bore V-6, aboul BOm in the south of V-5, it was
intended (0 study the contact belween pseudozilian shale and delomite,
Geoelectrical measurements indivated the boundary between dolomite and
chale below the Qualernary sediments. The contact was found in the depth
uf 106.8 m. The final depth of the bore was 153.6 m.

In the bore V-7, situated about 40m SW of the bore V-8, it was
expected according to the data from bore V-5, to find below the im-
pervious shale thermal water, which would overllow from a depth of
about 350 m. According Lo the dip of the shale-dolomite conlact as found
in the bore V-8, the same contact should be envountered in & depth
between 300 and 350 metres. However, dolomite was found already at
161.7 metres depth, After drilling te the depth of 450 m withont obtaining
thermal water, the hydrogeological explorations in Lako were discon-
tinued.

In the immediate surroundings of Ladke the genlngical structure is
favourable for free outflow of thermal water into the Savinja Valley.
A belt of Carboniferous shale and sandstone spreads from west to east
in the nerth of the thermal springs. Along the Carbemifervus, some patches
of Permian sandstone and Lower Triussic Scithian beds are found locally.
The boundary between Permisn and Lower Triassic hat hot yet been
defined, In the bore V-4 a tectonic contact between Paleozoic and Triassic
rocks has been found in the deplh of 164 metres. The Triussic dolomite
reaches to lhus depth. It is underlain by ved Permiurn sandstone, passing
into black Carboniferous shale in the depth of 260 m.
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In the surroundings of the thermal springs Middle Triassic doloenite
spreads over a wide aren {rom west te cast, The dolomite belt is up te
500 metres wide, but in some places its width amounts to only some tcns
of melres, somewhere it is even covered by younger strata, Due to its
porosily it is a collector of thermal water. Along the faults the dolomite
it broken und fissurated. It is mainly of grey colour, somewhere also
inclusions of dark grey or yellowish dolomite are found. Broken zones
are pumerous on the surface, and actording to data obtained by drilling,
in the underground as well, Their distcibuiion is irregular, and they
represent impervious lenses in the Missured dolomite. The dolomite is
covered along its whole border in the south of the thermal springs by
pseudozilian shale with intercalations of sandstone passing into 1ulfite.
The shale is black and resembles the Carboniferous shale. The pseudo-
zilian beds are disconnected by lenses and blocks of quartz keratophyre
and tuff. On ihe sonthern flank of ithe anticline Tertiary beds were de-
posited, which extend westwards inlo the Lagko coal basin.

The ares of the Latko therma) springs belongs to the leetonic unit of
the Sava folds. By swveying the immediate vicinity a significant faultl
trending W—E was defined (Fig. 2). Aleng it the Palevanic beds have
been brought in conlucl with Triassic dolomite. As lhe dolomite is covered
in *he southetn part by pseudezilien sandy shale, the whole southern side
can be considered to be a flank of an anticline. Ils core form the Palevzoic
beds in the northern fault side. Similarly a fault ents the Terliary
sediments along the northern border of the Laske syncline. In this way
the narrower locality of the Ludko thermal springs is a dolomite block
enclosed from the south and from the north by impervious shale and
sandstone. The third fuwlt, being transversal, extends very probably
parallel to the Savinja river below the younger sediments, thercfore
concealed. It is however indicated by an unexpected namrowing of the
dolomite belt just in the vicinity of the thermal springs area. Cn the left
bank of the Savinja the doiomite belt is 500 m wide, but on the right
bunk, beyond the road Celje—Ladko, only 50 metres. Its existence is
refiected in morphological features of the arca as well.

The thermal springs rise to the surface in the Savinja Valley, which is
of lowest altitude in the dolomite belt, The total area whete thermal
springs of different lempcratlure appear, covers some 1000 square mncters.

In Lhe bore V-4 the warmest zone was found in the depth interval 95 to
115 metres; simultancously in this interval also the discharge rate was
the largest, i.c. 9 litires per second at a drawdown of 1.5m and at a
temperature of 39.4 °C. By thermologging at this depth a temperature of
41 °C was measured.

The bore V-5 drilled ihrough the warmest zone [rvm I25 to 145 m,
where the same temperature of 41 °C was measured, Temperatures 36,5 o
40 °%C wore measured down to the depth of 280 1m. but below 350m il
amounted to 33.5°C only. Even today smaller quantities ol water with
a temperature of 31.6 *C flow [rom this bore. The borc has been cased with
112 mm diameter sicel pipes to the depth of 238.5 metres,
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The investigations have shown that the warmest zone lies in a depth
where the influence of the ¢old greund water and of the Savinja river
is week. Below this warmest zone (he water temperature decreascs, which
shows that there the primary thermal water penetrates trough cooler
water, wirming it partly up. The diffcring depths of the warmoest water
level in bures V-4 and V-3 show its dip towards bure V-5, The direction
of flow of the thermal water from the underground is still not known;
the bores V-6 and V-7 could not give any indicutions about this question.

According to the increase of the piezometric level with tdeepening of
the bores, the dolomite can be divided into three zones. The uppermost
zone is under direcl influence of the ground water of the Savinja and
Redica alluviums. According to data from V-5 thiy influence persists
dowm to the depth of about 110 metres. The next is ar intermediate zZone,
where the influence of the ground water diminishes, and the piezometric
level slowly increases. Here also the rise of the piezomelric level due
to installation ol vasing must be considered. This intermediate zone reaches
down te the depth of about 250 metres. From there downwards follows
the third zone, where the piezometrie level rises quickly, to reach at a
depth of 492 m the highest altitude of 22457 m, ie 4.24 metres nbove
the surface.

The boundaries between the different zones probably change ac-
cordingly to the quantities of thermal water exploited. The hydrogeological
explorations carried out up to now could not determine the total yield
of the Lasko thermal system, but it iy definitely higher than the output
used today. This prove also the secondary thermal springs in the area
surrounding the actual supply wells,

4.8. Podletrtek

In 1965—1967 investigulions were carried out for development of the
so called Harina Z]aka thermal spring on the left bank of the Sotla river
near Podéetrtek. Hydrogeological mupping in the scale 1:10 000 gave the
basis for locating three exploratory bores V-1/65, V-2/65 und V-3/65,

The bore V-1/65 penetrated a twelve metres thick overburden of sandy
and sity clay, The lower portion of this Quaternary deposit cuntains
angular and subangular fragments of dolomite and porphyrite. The fol-
lIowing strata consist of Triassic dolomite with rare shale and tulfite
intercalations, Below 250 m the shaie intercalations become more Irequent,
Jn 274 m depth a dark clayey marl appeared.

Thermal water was found in different depths. The water of the highest
temperature 30°C was found at the contact of QRuaternary and Friassic
beds. In the Triassic delomite the water temperature varied from 23 to
23.5*%C. The spricgs at the surface in the vicinity of 1he bore V-1/65 show
a tempurature of 26 °C in the ameliorated bed of the Sotla river, and the
springs near the deruded contact between the Triassic beds and the Sotla
alluvium aboul 23 °C, which corresponds to the temperature in (he Toassie
delomite in the bore V-1/65. The bore site lies at the periphery of the
thermal springs area Sleel 5” casing was instulled down to the depth of
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€0.6d m, and 4" casing from 60.64 1c 72.00 m. The casing was perforaled
throughhaut the depth interval from 25.44m fo 86.50 m, where maximum
inflow of thermal water was detected during drilling.

The bore V-2/85 penelraled Qua‘ermary sediments of a thickness of
6.0m, and below them Triassic marl with sandstonc intercalations. At
274m grey, fissurated dolomile was encountered. The water in the
dolomite had a temperature of 18 °C. Drilling was stopped at the depth
of 631 m.

The bore V-3/65, situated on the right bank of the Sotla river drilled
through Quaternary deposils and penctrated into Oligocens marl at a
depth of 11.2m. After a broken zone Triassic porphyry tufl occurred at
28.4 metres, In the depth of 45.0m followed Triassic dolomite up to the
final depth of 137.0 metres.

Thermal water appeared in the porous dolomite already at the contact
with the porphwiy tuff. The main inflow was in the depth interval
betwoon 45.0 and 70.0 metres; and small quantities appeared between
1050 and 112.0m. The dolomite waus from 70.0m dewnwards highly
broken, therefore the subsequenltly installed casing was perforateéd in the
intervals from 50.91 to 84.12m, and from 104.82 to 120.49 metres fov
colleclion of thermal water.

In 1986 a discharge wel! K-1 was drilled lo the depth of 80,0 metres.
Steel casing of 10 1/2” diameter was installed to the depth of 30.0m:
from there to the final depth 80.0m the bore was left uncased, as the
rock was only fissurated and cavernous, but firm, especially i the water
bearing dolomite. The pumping tests of the well yiclded at a drawdown
of 1.000 to 1.015m § litres per second. and at a drawdewn between 1.52
and 1.55 metres 10 litres per second of thermal water, both at a constant
temperature of 35*C.

In 1970 ten metres in the west of K-1 u stang-by discharging well K-2
wus drilled, In this way the total quantity of available thermal water
in the shallow zone has becn taken held of. The well K-2 resembles
lithologically the well K-1, only here the Triussic dolomlte starts at
the depth of about 56.0m. Pumping tests during the dry season in the
year 1970 have shown that the shallow zone vields 15--20 litres per
sccond of thermal water with temperatures from 33.9 to 35.0 *C,

In 1971 the thermse were taken over by the Section for Tourism of
the Railways Association Ljubljana (ZZTP Ljubljana), which took over the
vesponsibility of building =« balneological and recreation establishunent.
For this reason the Geological Survey Ljubljana prepared a programme
for additional hydrogeological exploration, part of which wus carried out
in 1972. N is intended to explore thermal water in the deeper zones, o
as to ascertwin a large quantity of thermal water of higher temperature.

The site of the exploratory bore V-1/72 is 50 m southwest ol the bore
K-1. Oligoecene sandy marl was drilled from the depth 9.0m to 856 m.
After an ifitertmediate broken zoae Triassic delomite starts in the depth
BS.8m, intercaluted with porphyry tuff, and reaches to the depth of
135.2m. Down to the final depth 202.2 metres there is Triassic dolnmite
intcrbedded with breccia and dark gry dolomite. A smaller inflow of
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thermal water occurred in the interval from 90.5 to 98.0 mctres. From the
depth of 111.0m to 177.0 m the inflow of thermal water increased steadily.
The exploratory bore V-1/72 was later reconstructed to a discharge well
of larger diameter, and siee] casing was installed,

The bore V-2/72 was drilled about 80m northwesl of the well K-1.
Below the Quaternary overburden it struck & the depth of 11.5m Oligo-
cenc marl, and at 88.6 m porous dolomite bearing smaller amounts of
theemal water. Between 81.0 and 132.8 m there was porphyry tuff, then
down to 187.3 m lissured Triassic dolomite, deeper up to 222.1 m Vitceous
porphyry tuff, and finaily again dolomite up to the bottom of the bore at
224 O9m.

The environments of the thermal springs near Podéetrtek eonsist of
Triassic, Tertiary and Quatermary rocks. Quaternary rocks reach in the
vaileys of the rivers Mesiinjitica and Sotla thicknesses up to 12 melres,
They arc composed of sandy and silty clays, and subangulur gravel. On
the Triassic rest basal Oligocenc beds of murine clay, quartz sand, and
quartz sandstone; in some places they contain coal,

Between Oligocene and Miccene beds there is an crosional uncon-
formity, as well as between the Helvelian marl and sandstone, and the
Tortonian Lithothamnion series of sedimenis which sfarts with basal
conglomerate. According to the microfauna, only the Lower and Middle
Tortontan were deposited. In the synelinal flanks they are overlain by
Sarmatian claystone intercalaled with sand, sandstone, copglomerate and
clay. The syncline al Pristava is filled by Pleistocone sediments, von-
sisting of claystore with sandy strata.

The Triassic bueds belong to the Ladinian stage, and consist of dolomite
with inlercalations of {uff and tuffite, clayey shale and breccia. The
dolomite is grey, somewhere nearly black in colour, and includes some-
litnes chert nodules and pyrite. In the environment al the thermal
springs area shale. and parphyrile with tuff occur as well. Somewhere
also Werfenian shalle, marl and dolomite are lain bare. The Triussic rocks
on the slopes of the Hudnica mmeuntain crop out penetrating Tertiary
sediments.

The environment of the thermal springs {s cut by numerous faults that
origina*cd mainly in younger arogenetic phases. Alisiough the faults were
asceriained only i localities where the Triassic beds crop oul, it ¢an be
concleded by the extent of the Terliary rocks as well as hy morphological
featurcy, that faults continue into the area of Tertiary rocks, Transversc
villeys in north-suulh direction indicate strongly the tectonic relations.
The main faults of north-south direction are parallel to the Meostinj3éica
and Sctla valleys, The fault along the Sotla river was proven also by
drilling irn Rogatia Slatina, The Tertiary sediments form in the north
of the Rudnica mouniuin a wide syneline, that splits in the woest into two
synclines. In ihe intermediate anticline the Triassiv beds crop out in the
south of Smarje pri Jeldah.

The thermal springs at Pod2e‘rtek appear in a zone extending from
the abandoned iron mine ncar Qlimje in the south, ts the confluence
of the Sotla and Mestinj$flea rivers in the north. The width of the #one
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is a few hundred metres only. The main springs area is in the north of
Pod2etrtek, The aquifer is Middle Triassic dolomite, which is in the Solla
valley covered by younger Tertiary and Qualernary sediments, and
partly by porphyrite tuff, The theemal zone is cut by faults into blocks.
The thermal springs appesr rcar the contact of dolomite with impervious
Tertiary beds. Water-bearing is the fault zone, namely the fault that dips
westwards, as proven by exploratory drilling. The thickness of the imper-
vious beds also increascs in weslern direction.

The temperature of the thermal water is the highest in the northern
part of the thermal zone; in southern ovr south-western direction it de-
creases, The farthest known locality containing thermal water is the bore
V-1/48, drilled 1948 at Olimie, where cven now 14 litres per second ol
water at 18 %C are overflowing.

The (hermal waler is at present ccliected by three wells. Two of them,
K-1 and K-2, collect the walcr from the depth between 460 and 80.0
metres; the thied well, V-1/72, from the depths between 120 and 1R0 me-
tres. The fault zone with the warmest water is inclined westwards, there-
fore the temperaiure of the water is the highest in ¥-1/72 37°C, and in
both shallower wells it amounts o 34—35 *C. The total output obtainable
by pumping amounts to 30 litres per second.

49, Dolenjzke Toplice

In the year 1960 the Dolenjske Toplice area has been mapped in scale
1:10000. Tp 1o 1959 the Lhermal springs have been oaly occasionally
inspected and their discharge raies measured. The respective short reports
ard records exist in the archives of the balneological establishment.

Hydrugeological survey connceted with drilling was started in 1960-61.
Four bores were drilled, three of them in the immediate vieinity of the
existing baths, and the fourth in the norht of the open swimming pool
along the road Dolenjske Toplice—Novo mesto. Ten years later, in 1971,
four additional bores were drilled. which reached depths from 190 to
416 metres. They resulled in tapping thermal water in depths of 28¢ to
315 metres.

The oldest formatinn in the surroundings of Dolenjske Top.ice belongs
to Upper Triassic lJaminated dolemite, including sheels of granular dolo-
mite. 1t covers lhe arcas in the north of the confluence of the Krka
and Radedos rivers, the Stradka Gora mountain, as well as the surroundings
of Soteska. The Lower Jurassic beds consist of grey granular dolomite,
dark grey limesione with sheets of shaly marl, and of grey lLmestone
with intercalations of odlitic limestone, They cover the arca between the
rivers Susica and Radedca, and reach the Krka valley below the southern
slope of the Stragka Gora mountain. The Lower Jurassic beds are fallowed
by Middle Jurassic odlitic dolomite, and Upper Jurassic light grey lime-
stone. They jointly form the hillocks Pristava and PraSicevka in the east
and nrortheast of Dolenjske Toplice,

In the west of the Radesca river Lower Cretaceous heds accur. dipping
westwards below the Kolevski Rog. They consist of grey, partly bi-
tuminous limestonc.
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Quaternary is represented by karstic loam in the valleys of the rivers
Sudica, Krka and Radefca. Recent dcposits, sandy and silty clay along
the Krka, Rade¥ca and Sulica, have been transported mainly fruin the
area of karstic loam.

In the surroundings of Dolenjske Toplice two faulls are impottant.
The Zuemberk fault is one of the main tectonic lines in the structure of
Slovenia and Croatia. It runs from the Ljubljana basin along the Upper
Krka valley and then at {he Kofevski Rog along the valley of the
Radedca river and Cemodnjice to Bela Krajina. The second is the Toplice
fault along the Sukica river, At the Toplice fault meet the Lower Jurassic
granular delomiie and lamunated limestone with the T.ower Jurassic
oglitic limestone. Between both the Toplice and ZuZemberk faulls spreads
a Jurassic syneling, that is at the Zuzemberk fault overthrusted on Lower
Cretaceous strata. The thrust plane dips 60°—70° towards nariheast, and
is indicated by slickensides between Meniska Vas and Selo. A very
distinctive broken zone indicates a rather large dislocation.

The thermal water of Dolenjske Toplice fills two basins excavated in
the basement of the bathing establishment. In the larger basin ¢he spring
temperature varies from 37.1 1o 38.4C, in the smaller one {rom 36.2 to
374*C,

According to the hydrogeological studics during 1960761 and in 1971, the
thermal water flows to the surface through e system of fissures along the
Toplice faull, en.arged with time into caverns, The thermae are under
influence of the cold karstic ground water system. During high water level
of the Sudica, the piczometric level of the thermal water increases; at low
levels of the Sudica the thermal water issues in numerous springs info the
river bed, and therefore the piezometric level drops. Consequently the
discharge rate in bath basins decreases. Pumping 1esls in wells, performed
from 13.12. 1260 il 20. 1. 1961, however, proved that the toial discharge
rate of the thermal waler with temperatures from 36.5 to 38.4°C does
not change, and amounts at high or low water levels of {he SuSica
river to between 12 and 13 litres per second. To prevent the lowering of
the piezometrie surfsce of the thermal watcr, the aquifer has {o be tapped
in a proper depth.

The thermal water Ilow is associated with (he karstified zone in the
Jurassic limestoae and Triassic dolomite. The main current of the thermal
water is represented by the springs of the larger basin, with the highest
temperature of 38.4 4C. The springs of the smaller basin with the tempera-
lure 37.4°C sre already peripheral parts of the warmest zone.

All exploratory bores in the vicinity of the thermae indicated a warmer
zone between depths of 90 1o 120 metres; deeper down the temperature
deereased even for 10°C. The deepest bore V-8/71 showed an inerease of
temperature again for 10°C in the depth of 200m, yielding 7 litres/see
thermal waler of 32*C from Triassic dolomile in the depth inlervel from
288.5 to 303.0 metres. Such ternperature conditions show, that the deep
thermal zone lies directly below the warmesi surface springs. The ex-
ploratory bores have alse shown (hal the Su¥ica river represenls the
southern boundary of the shallow zone and most probably of (he deep
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thermal zone as well, where it could be possible to caplure warm water
in the primary wuter-bearing bed of Triassic dolomite, that appears in
a depth of about 260 melres, Further it was proven that the syslem of
caverns exlends into the Triassic dolomite,

4,10, Smarjefke Toplice

The thermal bath Smarjefke Toplice lics abeut one kilometre in the
north of the village Kronovo, in the valley of the rviver Dolnice.

Up to 1956 there existed only a few observation records ubout the
SmurjeSke Toplice thermal springs, and short reports given by J. 2urga,
which are kepl in the archives of the spa. The first detailed geclogical
mapping in the scale 1:10 000, and temperature measurements in Qua-
temary sediments were conducted by D. Ku§éer and F. Drobne.
On the basis of these surveys in 1959 there were 19 shallow bores drilled
by hand, which discovered iwe thermal cenlres in a mutual distance of
about 200 metres. The shallow bores were followed by [our machine
drilled bores in 1959/60. The bore V-1/59 was drilled near the open
swimming pool, V-2/59, V-3/60 and V-4/60 ncar the covered basin. In 1962
a fifth bore V-5/62 was drilled near the covered basin, and in 1969 four
bores near the open swimming pool. About 0.8 km in the south of Smar-
jelke Toplice there is another thermal spring with a discharge rate
of 230 lilres por second at temperatures of 16—18°C. Near this spring
two shallow and three deep bores were drilled in 1988, with the inlent to
find out if and how it would be possible to separate the thermul from
the co.d water, and also to utilize them separately. A final answer to this
question has nol been obtained, due to the rather restricted extent of the
explorations.

In two deep bores thermal water was obtained, with temperatures of
250C in V-3/68 and 28°%C in V-4/68 (Fig. 3). The exploration should be
continued for a definitive answer te the outlined problem. However, the
main spring was developed in 1870, and will furnish drinking water for
the town Nove Mesto and its surroundings.

The oldest and also most widespread rock in the surroundings of Smar-
jedke Toplice is light grey Triassic dolomite. A more exact age of the
dolomite cannot be defined; by comparing it with other dolomites of
Lower Carniola it probably could belong to Upper Triassic. In the wicinity
of the therma) springs the dolomite is broken. The broken zone exiends
in the direction NNE SSW within the limits of the thermal springs
zone. Iis widih is in places up to 100 metres, In this zone there are a few
sand quarries near the spa. Some of the exploratory bores have penetrated
the broken zone. On both sides of this zrme the dolomile is rather hedded,
showing many fissures and slickensides.

On she dolomite lic crosional remnants of Jurassic and Cretaceous
limestones. To Cretaccous belongs dark grey limestone with intercalations
of clayey marl and chert nodules, that closes up the thermal zone in its
southern part, forming an impervioug barrier. Eastwards the Mczozoic
beds dip below Tertiary marl, sandstone and Lithothamnion limestone,
otherwhere they are covered by karstic loam.
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The vallcys of the rivers are covered in places by thin, otherwhere up
L» 6 metres thick beds of c.ayey-sandy Holocene, which contains, specially
within the limits of the thermal springs, organic clay.

The connielion between the geological structure of Smarjedke Toplice
and the Kriko basin has not yel been explored. The Krdko basin has been
considered to be a fault basin, but present geological surveys indicate
a syneline, built by Tertiary sediments. The pre-Tertiary basement is
covered by Tortonian sediments: sandy marl, calcarcous sandstones, and
Lithethamnion iimestone. These beds are overlapped in their southern
#nd northem parts by Sarmatian sediments followed easlwards by Pan-
nonian clayey marl.

The broken zones in Smarjelke Toplice are connceled by interseeting
local fauits. In the west of the thermae the fault having brought in contact
Triassic and Cretaceous limesiones is cut by another fault of NW—SE
direction, ihul vonnects the thermal springs of Smarjeske Topiice with
those of Kronovo. Both faulls are important, because through fissures
along them thermal water rises te the surface, In the fault zones the
dolomite 1s silicified, the fissures arc filled by calcite and fine breccia.
In the wicder surroundings of SmarjcSke Toplice similar tectonic conditions
prevail as well. The area is cut up by local faults into numereus blocks,
which are accompagnied, especially in dolomite, by broken zones.

Hydrogeological «‘udies in Smarjeke Toplice have shown the connection
of thermal water and ground water. The aquifer is dolomite. Its permeabi-
lity coefficient, calculated from pumping tests data, vuries from &k =
- L2, 10~ emisee to kK = 4.5, 10~ emi/see. The discharge rate of thermal
water depends on the piczometric level of the ground water. Therofore
in dry seasons the discharge rates of the thermal water decrease, hut with
some relardation. The quantity of the overftowing thermal water is
therefore directly proportional to the oscillations of the ground water
table,

Ir the open swimming pool the maximum (emperature is 345 °C. and
in the eovered basin 329C. To both spring centres the thermal water
flows from the norih. At the covered basin the fault belween the Triassic
dolomite and thke Cretaceous limestone forms the suuihern boundary of
the shallow thermal zone. The block of Crelaceous limestone forms an
impervious bartier due to its intercalations of wmarl and c¢lay, and
separates the shallow thermal zone of 3marjeske Toplice from the other
shallow thermal zone Jezero, in about 800 motres distance, The bleek of
Cretaceous limestone with intercalations of marl and marly shale at
Smarjeske Toplice reaches probably only shallow depths. as it is an
erosional remnant. In exploraiory bores along the faull this limestone
reached a depth of 80 metres.

The surface streams flow in clayey Quaternary sediments, and (here-
fore have no influence on the output of the thermai springs. In the area of
Emarjetke Toplice the thickness of the clayey sediments reaches up 1o
7 metres, as proven by numercus hand drilled bores in the yeor 1958,

The hydrogeclogical problems in the wider swrroundings have not yet
been solved. The shallow thermal zone was explored up to the deplh of
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150 metres. Thermal water was captured at the swimming pool in the
depths frem 12 1o 147 metres, and at the covered basin from 11 (o 19
metres, Near the spring Jezero the bores reached the depth of 257 m.
There the discharge rate amcunts to 230 litres per second with tem-
peratlures from 16 te 18°C, Al Jezero the fractional exploitation would be
of extreme importance, as it would allow 1o deliver ¢old drinking water
for population, and thermal water for reercation purposes as well.

The further work in Smarj¢ske Toplice should be directed to explore
{he deep thermal zone by drilling. This would result in higher water
Ltemperatures, deep well installation would reduce or cven c¢liminate
the influence of the cold water, Hecent explorztions gave only general
features of the relationship between both shallow thermal zones at
Bmarjeske Touplice and at Jezerv. Deep bores, however, would clarily
wheiher there is a uniform hydrogeological sysiem, or tweo different
systems oceur related to the same source of heal supply.

4,11, Toplitnik

The thermal zone along the right bank of the river Krka is about
400 metres long. The easternmost spring named Tepli€émuk issues from an
opening in ithe ground surface. In autumn 1971 two cxploratory bores
were drilled; V-1/71 in ithe south of Toplitnik and V-2/71 between To-
pli¢nik ard the Krka river. Both hores struck Cretacecus limestone below
the Quaternary overburden. The limestone was in its fissured parts
water-bearing, bul only in V-2/7]1 the temperature rised to 26.3 °C.

After detailed geoelectrical resistivity surveys in 1972 six exploratory
beres were drilled, on the lelt bunk of the river the bores V-3/72, V-4/72,
and V-5772, and on the right bank of the river the bores V-6/72, V-7/72
and V-R/7Z

All exploratory bores struck thermal water, having lower temperatures
beiweeent 21 °C and 24 *C on lhe left bank, and somewhat higher
temperatures of 24—28°C at the right bank, with cxeeption of V-8/72,
whose temperature was 13°C vnly. This bore is situated immediately at
the road Sentjernej—Kostanjevica, that is at the boundary of the ‘hermal
zONe.

The tesults indicate that the thermal water flows from the south. and
emerges to the surface near the Xrka river mixed with cold ground water.

All exploratory bores were shallow, a¢ their aim was only to explore
hidrogenlngical conditions in the shallow zone, and to give indications
for the best site whoere to explore in greater depths,

By drilling the aquifer of the shallow zone has been proved {o be the
fissurated Cretaccous limestone, which is in 1he north of the Krka coveted
by Miocene marl, sandy marl, and Lithothamnion limestone. The sur-
rounding of the thormal springs is cut inlo different blocks by numerous
faults, The temperature of the thermal water was lowetr in places where
the Cretaceous limesleme is covered by thicker beds of Tertiary marl. This
fuct disproved the former supposition, that the thermal water flows
from the north along ~he contact belween impervious Tertiary marl and
Lithothamnion limestone, o Cretaceous limestone respectively.
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4.12. Cateske Toplice

Until the year 1957 the shallow discharging wells of Cateske Toplice
were dug In Quaternary gravel. The influence of the cold ground water
was cvident in temperaiure variations of the thermae, In 1957/58 lifteen
shallew bores were drilled, which indicated the {low of thermal water
[rom the underlying beds into the Quaternary overburden. According to
results of the temperature and water level measurements 1n the shallow
bores, the drilling site for an exploratory bore was chosen. The borc was
82.0 m deep, and struck a cavern between 51.7 and 52.7 metres in karstified
Miocene calcareous sandstone, through which thermal water flows to the
surface. The stalic water level in the bore oscillated due 1o the rontact
wilh ground water in the gravel, and the discharge rate varied from 15 ‘o
30 litres per second, If larger quantities of water were pumped, its
temperature decreased. At a level of 2.0:1n below surface only about 15
litres per scecond of water at 57.2°C could be oblained; when pumping
greater quantities, the temperature dropped.

In 1962 the Cooperative Scweiely Brezice starled using ithe thermal water
for heating hot-houses, In the same year they financed the drilling of
a well of 127 diameter 1o the depth of 60 metres, and built a pumping
installation, 1hut works continuously till now.

Hydrogeological surveys were continued in 1964, financed by the
Federal Fund for Geological Exploration. The results of these soarveys
cnabled the furter development of Catedke Toplice. Four exploratory bores
were drilled; V-4/64 struck the primary aquifer of the thermul wa'er i. e,
Triassic dolomite, in the depth of 283.0 metres. From this bore flow up to
now continuously 10.6 litres per secand of thermal waler of a temperature
57.2*C, with a pressure of 1.6 kp/cm? at the outflow on the surface,

Tn 1962 systematic hydrogeological surveys were starled on the whole
Catezko Polje, and were concluded in 1972, The surveys were made possible
by the financial support of the Boris Kidrid Foundation.

In 1869 exploratory bores V-1/69, V-2/69, V-3/69, and discharging wells
of large diameter K-1/69 and K-2/69 were drilled. These wells were
located over the centre of the shallow thermal zone, and 180 metres SW
of it as well. Their results were very salisfavtory, as both discharging
wells yield a total of B3 lires per second of thermal water having
temperatures of 57—58°C.

In 1970 we surveyed the Cate arca by geoelectrical and microseismical
mcthods, te determine the thickness of the Quaternary gravel and the
lithological composition of the underlving rocks, Shallow bores V-4/T1,
V-5/71, V-6/71, V-7/7T1, V-8"1 and V-9/71 checked in 1971 the results of
the geophysical surveys, and found gend eorrelation, as well as a reliable
basis for deciding on further drilling sites. According ‘o the exploratinn
programme, two bores, V-10/71 and V-11/7), were drilled. A detailed
Reclngicul map in the scale 1:5000 was drawn, and a hydrogeological
map in scule 123 000 as well.

Exploratory driling was resumed in 1972, by bores V-12772, V-13/72
and V-14/72, The explacation was concluded by pumping tests, which
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confirmed the discharge rates of Cateske Toplice at about 120 litres per
second of thermal water,

Catctke Toplice are situated on a gravelly plain, about 200 metres in
the south of the river Sava, along the border of the Krke basin. Its
northerr. boundary is the Suva, the southern boundary the foothills of the
Gorjanci mountaing (Fig. 4).

The Mezozoic beds crop out only in the foothills of ihe Gorjanci
mountains; the Catelko Polje itself is covered by a 7 to 12 metres thick
bed of Quaternary gravel, Drilling has shown, that the gravel is underlain
by Tortenian sediments of differcnt thicknesses. In the central and western
pert the Tortonian sandy marl, calcareous sandstone and Lithothamnion
limesione extend down to about 125m, in the south and eust te about
186 metres. Between the Tertiary and Mezozoic beds aceur basal beds
of plastic clays with intercalations of quurtz sand and ccal smits. The
thickness of the clayey sandy beds varies from 24 to 75 metres.

The upper part of the Mesozoic beds is composed by layered Crelaccous
limestone with interealations of marly limesiene and chert. The limestone
somewhere passey over into breccia. The thickness of the Cretaceous beds
is not regular, but varies from 50 to 187 metres. The Cretaceous limestone
is underlain by Triassic dolomite, which is the main aquifer.

All rocks which have been penctrated by drilling, appear in (he
foothills of the Gorjanci mountains as well, The thickness of Tertiary
and Cretaceous beds varics here as well. The Cretaceaus limestone is in
the Gorjanci preserved only in the shape of erosional remnants on
Triassic dolomite. Also the Tertiary basal beds are eticountered only in
few places.

According {0 the data obtained by drilling the Catelko Polje belongs
to the Gorjanci foothills. Therefore the area of the thermal zone represents
an cxtension of the Gorjanci mountains, as proved by the lithological
composition and stratigraphic sequence of the beds.

The most important fault that extends into greater depths. originates
in the north of the Gorjanci mountains, curves near Catez village towards
northaast, and crosses the river Sava in the north of Catedke Toplice.
This fault has been determined by regional geophysical surveys. Its course
on the Catetko Polje has been proved by detailed geoclectrical and micro-
seismie surveys in 1870 It is accompagnied by a wide broken zone and
numercus secondary faults and fissures. Younger faults crossing the main
dislocation have cut <he Gorjanci foothills and the Catedko Polje into
blocks. The thermal zonec itself consists of blocks, as proved by the
different thicknesses in Tertiary and Cretaceous beds,

Until the Catetko Polje was hydrogeologically surveyed, it was known
only that the Quaternary gravel near the thermal springs is saturated
with warm water. Alrcady the first exploration in 1957 has shown that
there are more different thermal water levels.

The shallow watler level is in the Quaternary gravel, the warm water
flows into it from the underlying Tertiary heds. The next water-bearing
level is in the system of caverns in the Terliary Lithoihamnion limestune,
whoere thermal water was tapped in 1858. Both water-bearing lovels are
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influenced by the cold ground water in Quaternary gravel. The level of
the thermal water in the pravel, and in the system of cavems in the
Tertiary limestone as well, varies according to the ground water table,

The: only difference is in the static level of the thermal water, which
is .50 to 0.90m higher than the level of the cold ground water, which
surrounds the thermal water from all sides. The hydrogeological studics
in 1964 have discovered the deep thermal zone, with thermal water under
pressures from 1.02 to 1.8kp/cm® The pressurc 1.8 kp‘em? has been
measured in the first bores that struck {hermal water in dolomite, The
decrcase in pressure in the following exploratory bores is due to (he
exploitation of lhermal water by deep wells, consequently causing the
forming of a depression cone.

The deep thermal level in Triassic dolomite is covered by an impervious
bed of Tertiary marl, and chiefly of clayey sandy Tertiary basal bedy
as well as Cretuccous lnyered limestone with marl and chert intercalalions.
Therefore the {emperature in the west of the thermal zone amounts to
57°C, and in the east, where ithe impervious cover is thicker, to 64 ¢C.
The temprralure may as well depend on the distance [rom the contre of
origin of the thermal water. As mentioned, the temperature of the water
increases from SW towards NE. Near the village Cate? there is a thermal
spring Perisée of a temperature 31,5°C, in a distance of about ! km from
Catcdke Toplice. The thermal water flows to (he surface directly from
Triassic delnmite near to the main fault, that transfers the heat flow
in the thermal cenire of Catedke Toplice as well. The next exploratory
bore V-12/72 Lies in a distance of 300 m from thr ‘hermal centre lowards
the spring Peridée ot Caler village. The water tetnperatures measured
were between 42 and 45 °C. Also this bore is Incaled in the wide, broken
#nd fissured zone aleng the main fault. In ‘he bore V-12/72. located in a
distance of zbout 120m in the north of the cenire of the ihermal ZOne,
waler temperaturcs of 64 °C were measured, Due to the dver Sava it is
impossible ‘o dnll further exploratory bores norlhwards or in NE of the
bore V-12/72. As in this direction exiends the main fault. and also
temperatures of the thermal water inerease, it can be assumed that up to
now the highest temperatures in the Cate thermal zone have not yet been
rcached, From ine spring Peridée to the bore V-13/72 the temperature
increases for 10°C at a distance of about 700 m. Much higher, 20 *C, i«
the temperature increase between V-13/72 and V1272, at a distance of
about 350 m. This indicates thal the zone of higher temperatures continues
in the dewp aguifer of Triassic dolomite, alorg the main fault towards
northesst on the left bank of the Sava river, where the thickness of the
impervious cover iheércases as well,

The quuntities of thermal water with teraperatures from 57 to 64 C
viere measured by a 12 day pumping test. It was shown that & continuous
expleitation of 120 litres per second of thermal water with an average
temperature of 80 *C is possible, As the stabilized pressures in cbservation
wells did not decrease to 0.0 kpiem?, there exist still additional thermal
water sources, that could be pumped interm:ttently, in casc of need. This
espeetally holds for water with lower temperatures that should be used
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for balneolagica. purposes, as today this thermal water hay to be cooled
before use.

The success of the hydrogeological studies in Catelko Polje is cvident.
The discharge rate of thermal water 120 1/see at 60°C is a goed base for
further development of balneologival and recreative tourist establishments,
The high temperature allows the waler to be used twice: first for heating,
and then, when cooled off, in open basins, which work in winter as well
wtlhout any additional heating.

5. Hydrogeological Investigations for Mineral Waters

5.1. Rogaska Slatina

In the past the studies of the Roga$xa Sletina springs were direcled {o
the immediate vicinity of the shallow wells. where the water rised to
the surface. Due to the short well life and limited amcunts of mineral
whater more and more springs had to be developed. In 1888 eleven springs
were khown (A. Rezek, 1937). Owing to the increase in the demand for
minetal water in 1908 the operating wells were deepened at most to ten
metres. The construction of the discharging establishment was designed
by J. Knett (1508).

Even before the Second World War the available water quantities were
not sulficient. A. Re%ek (1964, p. 255) states the total discharge rate of
all wells measured from 29.— 31. 5. 1942 as 17.4 litres per minute, Later
even this discharge rate decreased, and the want for mineral water was
heavy,

In 1952 there were 22 wells drilled under the general supervision of
J. Baé, and geological surveillance by the author. Mineral waler was
tapped ir depths rarging from 30 to 80 m, and the mineral water supply
problem was {emporarily solved.

Until the year 1957 maintenanee and protecting of the main springs
was carried out and a new spring watcer with low mineral content was
reconditioned. and Knetiy' well from 1908 was abandoned.

In the wider surroundings of Rngatka Slatina the Zgomji Gabernik
spring was investigated in 195758 by two exploratory bores, lhe Kostriv-
nica spring by ore bore, and an old well at Spodnji Gabernik by one bore.
Both exploratory bores at Zgornji Gabernik and Kostriviica struck
mineral watct; the borehole at Spodnji Gabernik was stopped 1on soon.

The first exploratory bores away from the immediale swrouncings of
mineral water occurrences at the surface started in 1965 by drilling the
bore B-1/65 near the railway station Rogadka Slatina (Fig. 6). The next
bores B-2. B-3, and B4 neared again the springs centre. All of them were
between the Holel Slovenski Dom and the swimming establishment; B-2
and B-3 in the south, B-1 in the north of the road Celje—Rogaska Slatina.

In 1966 te well G-3/68 was drilled at Zgomji Gabernik; it is in exploita-
tion still now. According lo data obtained by regional geophysical
surveying the dritling of bore V-3/66 in the north ol Pedplal was started
{Fig. 7). The drilling sitc was delermined by A. Nosan, after studying
the gevlogical *tructure of the whole area, and considering geomagaeric
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anomalies in this region, Another drilling site was chosen at Setovo.

The bore at Setova S2-1/87 penetrated in the depth of 318 m a broken
vone of andesite tuff, with a mineral water discharge rate of 35 litres per
minute and considersble quantites of CO.. The bore at Fodplat V-3/66
struck in the depth of 533 m small quaniities of mineral water, and large
quanlities of CQ,,

Both bores V-3/66 and S&-1/67 are now the main sources for mineral
water supply of Rogaska Slatina, as well as for produclion of CO.. Their
distances from the Rogaska Slaling springs ecntre {V-3/66 5km wost-
wards, 8&-1/67 1 km castwards) is of special significance, as their exploita-
tion ecannot influence the waler discharge raie of the Rogalka Slatina
springs centre. According 1o the suggestion of J. Baé in 1987 two bores,
V-5/67 and V-6/87 were drilled, near the Springs centre. V-5/67 is 142 m
deep, without water or gas. V-8/67 is 265 m deep. struck mineral water
(50 Umin) and censideruble quantitics of €Q, in the depth of 260m
(Figs. 8 and 7).

The distance between both bores is 80m, and from V-8/67 to the
shallow wrells 210 m, Its exploitation caused the shallow wells to run dry.

In 1968, subsequenily fo geoelectrical resislivity sounding, a bore
$6-2/88 about 800 north of S&-1/67 was drilled. Another bore RV-1/68 was
drilled in Ratanjska Vas (Fig. 7), aboul I km west of (he Rogatka Slatina
springs. According to the reguest of the Rogatka Slatina Authori‘ies bore
Tr-1/68 was drilled near MvZig%e, its location being given by J Bac.
According to the 1988/69 exploralion programme S&-3/69 was drilled to
obtain beiter information about low grade mineral water, appearing in
4 well for domestic drinking water supply. Bores RV-1/88 and S&-3/89
discharge CO. Between 1988 and 1870 some gromagnetic surveys were
carried out in small scale, as well as detailed geological mapping of the
Rogaska Slatina arca in 1:5 000. The exploration programme for 1970
included the already mentioned and often propuosed deepening of hore
V-2/66, drilling of the bore G470, and on suggestion of 8. Jenisch.,
representing the Geologisches Biro Dr. Pickel the drilling of the bore
Tr-2/70. The bore V-3/66/70 penetrated in the depth of 578 m cavernous
andesile tuff yielding mineral water and CO, at & pressure nf 21.5 kpfem?,
After regulation nozzles were installed, at the optimum pressure of 4.2
to 44 kpom® the bore produccd 183.6 litrey per minule of highly
minerulized water (Fig. 7). The bore G-4/70 cut the Donat fault, and dis-
charged 180 litres per minute of drinking water rising from Triassic
dolomile, Bore Tr-2/70 penctrated coal beds, but fonmd neither water
nar CO.. The drilling site of this bore was chosen according to CO,
measurements carried out by Geologisches Bilro Dr. Pickel-Kassel, Lator
it was found, that the mesured CO, anomalics originated from the main
sewer carrying off polluted water and waste water from ihe health resort

In 1871 two bores were drilled, K-1/71 at Zgornja Kostrivnica in the
immediate vicinity of a mineral water spring inside a brook, and S&-4/71
about 90m north af the well S&-1/67. In the immediate vicinity ¢f the
dumestic water well with mincralized water a shallow well was drilled,
Lo check the inflow of the mineralized water.
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The results of the various hydrogeological investigations after 1952 in
the Rogudka Slatina district have not yet been systematically evaluated.
Theirr evaluation, together with some additional surveys, is necessary
for a full understanding of the mineral water sources of Rogaska Slaiina.

Geological conditions. The surroundings of Rogadka Sletina consist of
Paleczoic, Triassic. Tertiary, and Quatcrnary sediments, Tertiary sediments
prevail, being also most important for the origin of mineral water.
Quaternary silty clays with some interspersed gravel, fill the riverbeds.
Some gravel terraces ave still parily preserved along the foothills north
of Rogatka Slalina. The youngest Tertiary is represenled by erosional
remnants of Sarmatian sand and sandstone overlying Tortonian Litho-
thamnion limestone, The Sarmatian scdiments form the core of a
syncline, that ¢cxtends from Grobelno ever Smarje pri Jeldah to Mestinje,
and joins near Pristava the southern syneline with a core of Pliocene
sediments. In the northern syncline the Sarmatian consists of claystone
:nd marl, in the southern syncline prevuil sand and sandstone with
intercalations of weakly cemented conglomerate.

The Sarmatian is undeclain by Terlonian sediments consisting of basal
conglomerate, calcareous sandstone, Lithothamnion limestone and sandy
marl. The Tortonian sedimenls extend in a few parallel east-west belts.
The older Mincene has not yet been stratigraphically defined. A special
problem is the dark grey sandy marl, ihat grades into fine-grained tuffite
sandstone in (he north of the Softanj fault, and extends north and
northeast inte the Haloze hills. The tuffite sandstone is underlain by
andcsite tuff or by the Triassic and Ialeozoic basement. The dark pgrey
sandy marl is overlain by quariz sandstone, that forms the Macelj
mountains. From there westwards the sandstone reaches Rogaska Slatina
in a2 wedgelike shape, and is also found on the mountains Pledivee and
Donadka Gora. The sandstone consists of guarlz grains, calkeareous cement,
mica, and chlorite. It contains also some tufl components, such as
plagioclase grains. Although the sandstone cxtends on the surface up to
ihe springs centre in Rogagka Slalina, it has not been found in the bore
holes. In Lhe south of the Softanj fault the dark grey sandy marl does
nol appear, but is replaced by coal-bearing beds, that consist mainly of
clayey marl with intercalated lenses of sand. The composition of these
beds changes in short distances, In the bore B-1/85 opposite the railway
slation Rogadka Slatina there was giey sandy clay io the depth of about
115 m, and below it to 485 m grey marly clay. In the bore Tr-2/70 that is
200 m southcast from B-1/85, there was denscly compacted sand with
intercalations of sandy marl found prevailing down Lo the depth of
95 metres.

Important rocks of the Roga¥ka Slatina district are andesite and its
tulf, vverlain for the most part by Lower Miocene rocks. They spread at
the widest on the soulhiern slopes of the Bo¢ and Plesivec mountains. By
drilling andesite tuff has been found in the arca between Podplat and
Sedova as well.

The Mcsozoic and Palenzoic rocks are outeropping on the Bod mountain,
they are mainly dolomite. limestone, shale, and marlstone, in a lesser
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degree sandstone. This rock sequence reflects the geologic structure of
ihe Karavanke mounatains. On the other hand in Rescvna in the west
{rom Rogaika Slatina and Rudnica in the south, pscudozilian shale ocours,
that is a common rock of the Sava folds.

1t is worth to mention that bures B-1/65 and Tr-1/68 struck in depths
of about 500 metres pseudozilian shale, that indicates an extension of the
Sava folds. It becamme evident that the Donat fault marks the boundary
between the castern extensions nf the Karavanke mountains and the Sava
fulds. The Donat fault is considered 1o be a branch of the Sodtan; fault.
Along the Donat fault it came (o large vertical movements, and to
longitudingl movements in a lesser degree; akng the Sodtanj fault,
however, the longitudinal movements were of greater extent. This is
irdicated by evident differcnees in lithologyeal composition and strati-
graphic relations of rocks. In the north of the Sodtanj fault there are
andesite tuif and marly and sandy Lower Miccene strata, but south of the
fault therc oecur coal beds underlain by the pseudozilian shale. Transverse
lg the main faults run younger faulls, three of them already confirmed
by drilling. The first was the Rogaska Slatina fault, penetrated by drilling
in 1952, the sccond at Pocplal in 1968, and the “hird at Setovo in 1967,
It is assumed (hat all steeply cut river beds of north-south direction
originaled along such secondary faults.

Between both the Sodtanj and the Donat faull {he Tertiary beds form
a Tather steep syneline, which eastwards passes over into the Macelj
syncline; in the west it is cut off by the Sodsiunj fault, along which the
Lower Miocenc beds are brought against the wide Tortonian syncline
between Ponikva and Sentjur,

Exploratory beres for drinking water that penetrated {the Donat fault
in the north of Zgomji Gabernik, have shown that 1he Triassic beds of the
Bo¢ and Konjidka gora mountains form an nverthrust covering lhe
Younger Paleosic sediments, Later along the Donat fault the southern
flank was lifted, so that today Tertiary is adjeining Triassic and Younger
Paleoyoic sediments,

Hydrogeological conditlans. The Rogadka Slalina mineral water springs
appear in an area of about 50 km®. Formerly natural springs were known
only in Rogatka Slating, Spodnja Kostrivnica and Zgornji Gabernik;
recently they have been found in the south of the Donat fault nor{hwards
of Zgornja Kosttivnica and in the ravine Crna Scla, about 0.5km
westwards of Zgornja Kcstrivnica as well, Since 1908 (hree types of
Rogadka Slatina mineral water are distinguished; Tempe!, Styra, and
Donut. The nearest to the primary water is the Donat type with about
§ grams of dissolved solids per litre of waler, whareas Styria contains
G6=-7 g, and Temnpel 3—4 g/1. The different types of mineral water resulted
from the mixing of mineral water with ground water in shallow sections
as already found by J Knett (1908). Exploratory drilling has shown
that the aquifer is andesite tuff, chiefly its rent and fissured 20nes
associated with secondary faults, running transverse o both the Donat
and Sodtanj faults. The andesite tull aquifer appears on the surface
in 4 limited area of the springs cenire at Rogatka Slaling, otherwhere it
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has been found by drilling in depths rarging from1 120 to 650 metres,
overlgin by Tertiary sandy mat] and line-gralned sandstone, and in the
north of the Donat fault on the southern slopes of the Bo¢ and PleSivee
mountalns,

The region supplyihg water to the andesite tull is the Bo& arca,
consisting of carbonate recks snd andesite tuff. From thiz ngtural
recharge area the water percolates dewnwards, flows through rent and
fissured andesite 2oncs, and rises to the springs in Rogafka Slalina, where
the andesite tuff appears at the surface. Othetrwhere the tuff is vverlain
by (hick impermeable strata, that have to be penetrated by drilling to
obtain mineral water. Moving through the tuff the water becomes
mineralized. 1t is interesting to note, that the mineral content is lewer near
{he Bot area, and increases in greater distances. The discharge rate of the
Rogadka Slatina springs is small, due to the low natural recharge. The
Jargest outputs 183.6 U/min were obtained in the well V-3/6/70 in the
north of Podplat, which is already near to the western boundary of the
wider minera! springs arca. All other wells are of smaller capacities;
G-3/68 in Zgmmji Gabernik yields 13 litres per minute, V.8/87 in Rogagka
Slatinu about 80 I/min, S¢-3/67 necar Sedove about 25LUmin. The higher
otitput of the well V-3/66/70 might be due to its location at the transverse
fuult that reaches in the north the carbonate rocks of the western extension
of ihe Be® mountain, Along this faull appear the mineral water springs
of Zgornji Gabernik and at Spodnji Gabernik as well.

Mineral water from deep wels is of higher temperature, The highest
temperature of 30°C was measured at the ouslet of the well V-3/66.70
where mineral water rises from the depth of 578 m. Due to the high CO,
content, the volume ratio beiween water and CO, amounting (v 1:20,
the pressure of the water is 21,5 kp/om?, The temperature of 304C at the
outlet of the well has beern measured after the expansion of the gas in
the well, which indicates an cven higher temperature in the aguifer.

The mineral water originates in andesite tuff, thervefore its chemical
composition of mineral matter is so variegated, The gaseous CO, originates
in carbonate rocks. according 1o experiments conducted at the Institute
Jozef Stefan, Ljubljana, a1 lemperatures between 50 and 80°C. The
vecharge from the surface is possible only from the north, i, e, from the
Bot mountain, which is compused mainly of carbonate rocks. In the south
carbonute rocks occur at the Rudnica meountain only, which is [rom
‘he Soétanj fault 8 km distant; the intermediate area is, however, covered
by conlining Tertiary beds of more than 1000 m thickness. Morcover the
Tertiary beds in the south of the Sodianj fault are underlain by pscudo-
Zlien shale, whick is outcropging in the south of Smarje. This shule
builds together with the Tertiary cover an impervious barrier tha: closes
up the springs area on its south to a depth greater than 700 m, as confirmed
by bore B-1/65 in Rogalka Slatira, where the shale pccurred in a depth
of 495m. A¢ the thickness of this shale in other areas in Slovenia can
amount to about 500 m, the shale might extend to a depth of 90¢m. In the
bore B-1/85 the shale was found in inclined position. Therelore a thickness
of the impervious harrier of 900m could be assumed even iuking into
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account a partly crosion of the shale befora the sedimentation of the
Tertiary rocks.

The hydrogeological condilions of the wider mineral springs region do
nol allow lor a natural recharge of the andesile tuff aguifer. Therefore
the existing outpur of the wells will nol be suflicient for further develop-
ment of the health resord.

Further investigations will be necessary to find new locations for
wells, separated from each other se as to avoid harmful mutual inter-
ference, as is observed now in the inner springs area in Rogatka Slatina.

Would even these addilional wells not be sufficient, an artificial
recharge of the ground water in the water-bearing zones should be
considered, as the very high content of dissolved mincrul matter would
allow such a golution.

5.2. Radensku Stutina (summary according to L. Ziebnik, 1872)

The area of the villages Boraeva, Radenci, and Petanjci has been
geologically and hydrogeologically surveyed formerly to & cortain degree,
Till the Second World War about 30 wells were drilled to depths of
20—36m, only the well in Radenski Vrh reached 100m. Tn 1965 new
investigations were sturted, with the aim to determine the number of
aguifers in the Radenska Slatina area. to establish their respective depths,
outputs, size, piezometric levels, chemical composition and temperature
of lhe water.

During 1965 and 1972 more (han 30 exploratory bores were drilled, one
of them (T-1, ncar Boeadeva) to a depth of 780 metres, as well as 6
exploration wells with a total discharge rate of 40 cubic melres of mineral
watcr per hour.

The oldest formations in Radenci were found in 1he bore T-1. Thls are
metamorphic rocks belonging to Paleozoicum, found in the depth of
737.5 m. They consist of biotite schist, gneiss and amphibolite. The Palevzoic
metamorphic rocks are overlain by Tortonian beds penetrated by the bore
T-1 in depihs from 828.0 to 737.5m. They consist of thinly layered sandy
marl, quartz conglomerate, and sandstone. These rocks crop oul ghout
20 km in e west of Radenei near Vratja Vas on the border of the Apade
basin.

The Tortonian beds are overlain by Sarmatian and Plincene sediments.
In Lower Sarmatian prevail marl and sandy marl with thin inter~
valations of sandsione, conglamerate snd sand.

In Upper Sormatian and Lower Pliocene appear marl, sand, sandy
mar], and sandstone. The sandy beds are up (o 50 metres thick. At {he
surface these beds cecur in the hills between Podgorje and Grednjeve
near Gormnja Radgona,

The youngest Tertiary beds belong to the Middle and Upper Pliocene.
They constst of clay, sandy clay, and sandy gravel. Singic layers are of
thicknesses be‘ween 5 and 35m. In Boradeva and Sratove they reach to
the depth of 100 to 140 m, in Radencl even to 288 m. The clay contains
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intercalations of organic ¢lay and 0.5 to 1.5 m thick lignite lenses, In the
sandy clay calearecus concretions are frequently found.

The Tertiary beds are overlain hy Quaternary sediments; in their
lower part Mura gravel with sand and silt prevails and the upper parl
consists of sandy clay, sand, and sandy silt.

The wider surroundings of Radenci belong to the Sobota horst tectonic
unit consisting of paleozoic beds ccvered by Tertiary sediments up 1o
1000 m thick. It extends from Maribor in the southwest to Murska Scbota
in the northeast. Northwest of this horst runs parallel to it the narrow
Radgona graben, filled by 1000 io 2000 m thick Tertiary sediments. Along
the southeastern border of the Sobota horst extends the wide Ljutomer
syncline, where the Tertiary reaches depths of 3000 to 4000 metres,

The tectonic structure of the Tertiary beds is ruther complicated,
Seismic and gravimeiric measurements, as we.l as recent exploratory
Lores show that the Pliocene and Sarmatian beds are slighlly inclined
towards southeast, whereas 1he Tortonian conglomerate and sandy marl
that overlie the Paleozoic sirata. dip in the opposite dircction.

The Terliary and Paleozoic strata are cut by Tavlts, along which the
respective beds sunk for some tens of metres. These faults run parallel
io the borders of the individual blocks, and are vertical or subvertical.
The pre-Tertiary Sobaota horst rises continuously togoether with ils Tertiary
cover along parallel faults towards its vertex at Kapela, and from 1here
drops in step faulls towards the Ljutomer syneline. The faults cannot be
exactly located, although they are conlirmed by geophysical surveys, as
the Tertiary beds are covered in hills by thick weathered beds, and in the
flat along thc Mura river by Quaternary sediments. One fault was
ascertained by several cxploratory bores, and runs from the village
Ptujska Cesta in Slovenske Gorice over Borateva and Petanjci. The
amount ©f downthrow of this faull is 25 -50 metres.

Miocene beds can be found at the flanks of the Scbota horst only, they
are missing on its top. It is possible, that they have not been deposited at
all, or that they have been removed by erosion. On top of the horst rest
only Pannonian sediments, as proven by exploratory drilling.

Tke hydrological conditions have been investigated by drilling during
the years 1365—1972. Numerous aquifers, bearing mineral water, have
been found. The Quatemary gravel is saturated with ground water;
exceptionally the ground water is mineralized in places, where it i5 In
euntact with Tertiary sandy beds bearing mincral water. Up to 19835 in
Radenci. Boradeva and Petanjci mineral water was exploited by shallow
wells in Quaternary gravel and partly from Pliocene sands. The first
exploratory bores in Borateva have shown up to the depth of 313m
ien mineral watet aquifers of various thicknesses in Pliocene and Miocene
beds. Later the bore T-1 found porous beds in greater depths as well, but
‘he sandstones and conglomerates contained mainly CO;, and mineral
water only in negligible quantities.

In 1970 and 1971 the exploratory bores indlicated ar extension of the
aguifers from Borateva towards Sratovei, as well as towards Rihtarovci
in the opposite direction. The aquifers, encountercd in Sralovei in depths
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between 75 and 140 m, are found in Rihtarovci in depths of 178 to 280 m.
Along the fault between Borafeva and 3ratovei the aquiters are lowered
for 50 m. The sandy aquifers are inclined towards northeast for 4—5%, xs
indicated by the bores between Sratovel and Radenci. Their output
depends ¢n the thickness of the beds, as well as on the quantity of
dissolved CO,. The surveys show an increase of temperature and pressure
with increasing depth, as well as an inereave of dissolved solids. The
Tertiary beds, containing mineral water, rise towards Sratovei and Ore-
hovci, i. ¢, towards NW, In the samc direction also decreases the mineral
content, and inereases in the opposite SE direction with increasing depth
of the water-bearing beds. It can be therefore concluded (hat the sandy
aquifers are recharged by waler from the upper gravelly bed in the
Sratovei—Mele area.

Overproductien of mineral water from the shallow wells cuauses a de-
crease of dissolved solids content in the water, due to disturbance of the
natural equilibrium between the quantity of mineral water flowing from
the primary aquifers inla Quaternary gravel, and the ground water in its
vicinity, In deep wells that have no direet contact with ground water,
negative influences sre expeeted only in cases, when exploitation will
for a tonger :ime exceed the natural recharge. Therefore further hydro-
geologicai investigations are necessary., with the aim to define the von-
servalion of the equilibrium between the forming of minera! water and
its ralional expleitation,

3.3. Nusfonn

In 1967 investigations were carried out by drilling two shallow bores
in the immediate vicinity of an old hand-dug weil. From one of the bores
a small quantity of mineral water was flowing, and was wsed by the
population for drinking water.

'n 1988 and 1969 two bores were drilled along the right bank of the
Ledava river, and § along its left bank. The aguifer of the mineral water
is Miccene calcarecus sandstone of a thickness 2m to 13 m. The aquifer
dips 5—10° towards SE. The vield of the individual bores varies between
8 and 180 litres per minute, depending on the thickness of the aquifer.
Four of the bores have been developed, and plastfc tubing was installed.
Since 1969 the discharge rate of the wells became constant, Measurements
during the dry scason in 196D indicated a possible safe yield of at least
11 cubic metres per hour of minersl water.

The exploratory bores covered an area of aboui 0.5 km?. The wider
surroundings have not heen studied. Therefore furiher investigations are
necessary to determine the total area of mineral water resources, and ils
total sale yield as well.

€. Thermomincral water in Prekmurje and Slovenske Garice

Thermomineral water in Prekmurje was discavered during exploratory
drilling for oil at Moravei near Murska Sobota. and subsequently at
Petidovei and Banovei.
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This thermomineral water is accumulated in Younger Tcrtiary beds
as connate waler, The total water reserves are limited as a mnatural
recharge is possible only in limited extent from Goritko, where the
Tertiary water-bearing beds crop out.

8.1. Moravct near Murska Sobotu

Besides the bore Mt-1 at Moravei there are productive bores MS-3 at
Mlajtinci and the stand-by bore Mt-2 near Rimska Carde. Into bore Mi-1
thermomnineral water flows from the depth 1115 -1234 m. In this interval
a total of 30m of water-bearing looscly cemented sandstone was per-
forated. The water contains 3 grams per litre of CO, having a temperature
of 72—75*°C.

In the bore M$-3 in Mlajtinei water is procduced from the inlerval
1221 to 1241 m in identical sandstone as in Mt-1. A total of 7 m of casing
has been perforated. The water contains CO., and has a tempetrature of
62—64 °C.

The stand-by bote Mt-2 near Rimska Carda was perferated in the depth
281—882 . in identical sandstonc as Mt-1, as well as in the depih
1247—1251 m. The waler contains CQ,, and has a temperature amounting
1o §58C.

The total discharge of the three bores has not been measured, bul
roughly assessed at 50 m¥%h It could be increased by perforation of the
upper aguifer, however simultaneously the optimum safe yield should be
determined, fo assure a longer life of the accumulated reserves.

The health and touristical resort Moravei works through the whole yeaor.
The water consumption during the summer monthy amounts to 500 m¥ of
vater per day, in winler it is less,

The theee bores and a subseguent perforation of casing in all water-
bearing beds can guaranlee the supply of thermomineral water for some
time. The water production is rather cheap, as watcr flows to the surface
duc to the expansion of CO,,

6.2, Petifovci near Lendava

The thermal water has a temperature of 55C and was obtained by
perforation of the abandoned oil well Pt-20 in a4 depth of BI7 to 822 m.
It is lowly mincralized and containg CO, only in traces; therefore its
overflow discharge rate amounts to 2.4 m¥%h only, This gquantity is not
sufficient, therefore a pump has been installed for water supply. The
uquifer consists of the Pliocene rhombkwidea beds. Near to the well Pt-20
there is also Pt-16 perforated in the identicat aquifer. Near the recreation
cencre in PPetidovci that is still under construction, there are still more
abandoned ovil wells which could be used for water supply.

6.3. Banovci near Ljutomer

In Banaove: there is the third recreation centre in deveclopment. Its
thermal water supply is delivered by exploratory bores Ve-1 [rom the
depih 1358—1363 metres, and Ve-2 from the depth intervals 1175—1188 m.
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1524—1530 m, 1565—1570tm, and 164%—1651 metres. The aquifers are
rhomboidea beds. The temperature of the thermal water is 55°C; the
water contains no CO,. Only 5m¥h of waler rises freely to the surlace,
therefore additional quantities have to be pumped. The water reserves
were not assessed.

To obtain additions] quuntities of thermal water in Prekmurje and
Slovenske Gorice with their southwestern foothills, further investigations
are necessary. Now a deep exploratory bore neur Ptuj is drilled, and bore
Ko-1 at Koruéice village in the north of Ormok is under obsetvation.

It is necessary to collect and evaluale ull obtainable data about
exploratory bores for oil, as well as respective geological and geophysical
data, and to outline areas. where thermal water aquifers might be struck.
The water reserves have to be ealculated, and subscquently a rational
regime of their exploitation determined,
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