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“Ne déshirojmé té theksojmé se duhet té realizohet géllimi pér
dyfishimin e kontributit té energjive té rinovueshme né dhjeté
vitet e ardhéshme, duke kérkuar impaktin e ploté té energjisé
gjeotermale, si pér gjenerimin e energjisé elektrike ashtu edhe pér
ngrohje.... Burimet gjeotermale mund té pérbéjné njé kontribut
té réndésishém pér té reduktuar varésiné nga importi i l1éndéve
djegése, si edhe ngarkesén e mjedisit né disa vende té
Evropés.....”

(Rezolucioni i Reykiavikut, 17 Néntor1998, Programi i Pesté Kuadér i Bashkimit Europian)

“Mijedisi yné na ofron dy burime pér té plotésuar nevojat tona,
Diellin dhe T okén, térésisht té ndryshém. Dielli na jep
energjiné drejtpérsédrejti ose térthorazi: energjiné e erés, té ujit
dhe té biomasés. Por Dielli éshté lozonjar; ai na bén té varur
nga koha e dités dhe e natés, nga moti dhe klima. T oka paraget
véshtirési, por éshté e sigurt: potenciali i saj &shté i gjendur né
¢do kohé, ai vetém duhet shfrytézuar me teknologjiné e
pérshtatshme.”

(Deklarata e Ferrarés, Itali, 29-30 Prill 1999, Késhilli Europian i Energjisé Gjeotermale)
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« Té gjitha té drejtat jané té rezervuara.
« Asnjé pjesé e kétij botimi nuk mund té riprodhohet ose té transmetohet né forma a ményra té ndryshme
elektronike, mekanike, fotokopje, incizime ose té tjera té ngjashme me kéto, pa lejen e autoréve.
« Libri nuk mund té jeté objekt i ribotimit ose t'i nénshtrohet ndonjé ndryshimi, pa pélgimin e autoréve.
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ogeanit mesozoik; 6- Kufijté e ogeanit mesozoik Ocean dhe napés kryesore ofiolitike; 7- Hullité e subduksionit
18 SOLEM ANE 8 KAIUAT. ...t Fage 86-116
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gravitacionit pér detin Adriatik sipas Richetti, 1980]. 1. Pliocen (N,), 2- Miocen i poshtém (N, )-flishi i paleogjenit
(Pg,); 3- Gélgeroré mesozoiké (Mz); 4- Shkémbinj ultrabaziké; 5- Kripéra; 6- Bazamenti kristalin; 7- Kore

bazaltike; 8- Kufiri MOHO; 9- Thyerije e thellg; 10- Dendésia, g/cm?; 11- Temperatura, °C; 12- Pus i thellé;
A G- Anomalia Bouguer; T- Anomalia e fushés totale magnetike; g-Dendésia e fluksit té nxehtésise.
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Fleta 15-c. Koloné gjeotermale Povelgé.
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Fleta 15-d. Ndikimi i trysnisé mbinormale né fushén e temperaturés.[Li¢o R. etj. 1998]. 1. Temperatura, °C; 2-
Resistenca e dukshme, x10* Omm; 3- Presioni, Mpa; 4- Ndryshimi i diametrit t& pusit, %; TM- tavani i zonés
me trysni mbinormale.

Fleta 16. Harta e dendésisé sé fluksit t& nxehtésise.
Fleta 17. Harta tematike gjeotermale.

Fleta 18. Harta e burimeve gjeotermale dhe e epigendrave té térmeteve. [Té dhénat sizmologjike sipas Sulstarova
E. etj. 1972].

Fleta 19. Harta e burimeve gjeotermale dhe e izoseisteve té térmeteve. [Té dhénat sizmologjike sipas Sulstarova
E. etj. 1972].

Fleta 20. Harta e Zonés Gjeotermale Kruja, (Pjesa veriore).
Fleta 21-a. Foto: Pusi gjeotermal Ishmi 1/b.
Fleta 21-b. Foto: Pusi gjeotermal Kozani-8. (Foto Arjan Gage)

Fleta 22-a. Skemé topografike, zona e burimeve gjeotermale Llixha Elbasan. (Avgustinsky V.L. 1957) 1. Olistolit
gélgeror; 2- Argjila; 3- konglomerate; 4- Shkémbinj té kaolinitizuar; 5. Burim termal

Fleta 22-b. Foto: Zona e burimeve gjeotermale, Llixha Elbasan.

Fleta 23-a. Harta tektonike e zonés sé burimeve gjeotermale Bénjé-Postenan- Sarandaporo. [Harta Tektonike e
Shaqipérisé, Shkalla 1:200 000, 1985]. 1. Depozitime kuaternare (Q, - Q,); 2- Depozitime flishore oligocenike,
tektonogjeneza e burdigalian-tortonianit; 3- Depozitime flishore oligocenike, tektonogjeneza e mbarimit té
oligocenit t& mesém; 4- Gélgeroré neritiké eocenike; 5- Depozitime flishore, tekonogjeneza e eocenit té
vonshem; 6- Gélgeroré té Kretakut té poshtwm, tektonogjeneza e kretakut t& vonshém; 7- Depozitime
karbonatike té pa padiferencuara té triasikut t& sipém-jurasikut t& poshtém, tektonogjeneza e jurasikut té
vonshém; 8- Serpentinite; 9- kufi tektonik mbihipés; 10- Aks sinklinali; 11- Aks antiklinali; 12- Burim ujérash
termale; 13- Burim avulli.

Fleta 23-b. Foto: Burimet gjeotermale Bénjé, lumi i Langaricés, Pérmet.

Fleta 24-a. Foto: Tektonika né zonén e burimit t& avullit, Mali i Postenanit, Leskovik.

Fleta 24-b. Foto: Thyerja tektonike nga buron avulli, Postenan.

Fleta 24-c. Foto:Zona e burimevet gjeotermale, Sarandaporo, Leskovik.

Fleta 25. Harta e zonés gjeotermale Ardenica. 1. Dalje e ujit t& nxehté; 2- Kufi moshor gjeologjik; 3- Kufi sizmik;
4. Tektoniké shképutése; 5- Sipérfagja e shplarjes; 6- Molasa neogjenike (N,*-N,); 7- Mergel e burdigalianit
(N,") — Flishoid i akuitanianit (N,?); 8- Flish oligocenik (Pg,); 9- Gélgeroré kretaké-eoceniké (Cr,Pg,,).

Fleta 26-a. Harta gjeologjike e zonés gjeotermale Peshkopia. [Sipas Harta Tektonike e Shqipérisé, Shkalla
1:200 000, 1985]. 1- Sedimente terrigjene t€ metamorfizuar, me ndérthurje vullkanogjenésh, té moshés
ordovician-devonian; 2- Depozitime evaporitike triasike; 3- Formacione té tektonogjenezés té jurasikut té
vonshém: karbonate (T, dhe T,-J) dhe konglomerate té serisé verukano (P-T,); 4- Formacioni efuziv-
sedimentar (T, ,); 5- Flishii hershém (J,-Cr,*"); 6- Formacioni flishor i eocenit té sipérm-oligocenit té poshtém
(Pg,*-Pg."); 7- Ranoré-konglometate-mergele té pliocenit t& vonshém-kuaternarit (N,-Q, ,); 8- Burime termale;
9- Kufiri i diapirit evaporitik.

Fleta 26-b. Foto: Zona Gjeotermale Peshkopia, Pérroi i Banjés, Peshkopi.
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Fleta 27-a. Sistemi kémbyes vertikal nxehtésie-pus-pompé gjeotermale nxehtésie pér ngrohjen e godinave.
Fleta 27-b. Ngarkesa vjetore e energjisé elektrike me dhe pa ngrohjen, 1999. (Agjencia Kombétare e Energjisé).

Fleta 2. Foto: Qendrat Balneologjike Hotel Park dhe Hotel Hydrat né Elbasan Qendra Peshkopi, Sarandaporo
(né rikonstruksion).

Fleta 29. Foto: Qendrat Balneologjike: Hotel Hydrat né Elbasan dhe e Sarandaporos (né rikonstruksion).

Fleta 30. Foto: Impakti mjedisor nga derdhja e ujérave termalé, Llixha Elbasan dhe Pusi Kozani-8 (b).



ATLASI | BURIMEVE
TE ENERGJISE GJEOTERMALE
NE SHQIPERI

HYRJE

Monografia “ATLASI | BURIMEVE TE ENERGJISE GJEOTERMALE NE SHQIPERI” botohet
né kuadrin e Programit Kombétar té Kérkim-Zhvillimit, Pasuri Natyrore, 2003-2005. Ai éshté
pérgjithésim i studimeve monografike té pabotuara ose té botuara pjesérisht, né kuadrin e Projekteve
té Komitetit té Shkencés dhe Teknologjisé té Shqipérisé, t¢ Komisionit Ndérkombétar té Fluksit té
Nxehtésisé dhe té Komisionit Europian, UNDP-GEF SMP Tirané [1, 2, 3, 4, 5, 6].

Studimet-Atlase [2, 3, 4] jané rezultat i punés intensive disa vjecare kérkimore shkencore té
ekipit té pérbashkeét té Seksionit té Gjeofizikés né Fakultetin e Gjeologjisé dhe té Minierave,
Universitetit Politeknik té Tiranés, té Institutit té Gjeofizikés sé Akademisé sé Shkencave té Republikés
Ceke, dhe té Institutit Gjeologjik té Naftés dhe té Gazit, Fier. EKipi pérbéhej nga shkencétaré dhe
specialisté shqiptaré e cekg, té profesioneve té lidhur me gjeoterminé, si: gjeofiziké e gjeotermisté,
gjeologé dhe hidrogjeologé, fizikané dhe gjeodeté.

Pérgatitja e monografisé pér botim éshté béré nga grupi shkencor: Prof. Dr. Alfred Frashéri
(kryeredaktor), Prof. Dr. Rushan Lico, Dr. Figiri Bakalli, Prof. Dr. Neki Frashéri, Prof. Dr. Niko Pano,
Prof. Dr. Salvatore Bushati, Prof. Dr. Bashkim Cela, Prof. Dr. Engjéll Prenjasi, Prof. As. Dr. Hajri
Haska, Inxh. Burhan Canga, informatikan Dashamir Hoxha.

Atlasi do té krijojé bazén shkencore té pérdorimit dhe shfrytézimit kompleks dhe kaskadé té
energjisé gjeotermale né Shqipéri, si dhe do té japé ndihmesé modeste né bilancin energjetik té vendit.

Falénderime

Jané béré konsultime dhe jané zgjidhur probleme té vecanta edhe né bashképunim me ekipin
gjeotermik té Universitetit Lorand Etvesh té Budapestit Dr. Luiza Bodri, té Universita degli Studi di
Bari, Dipartimento di Geologia e Geofisica Prof. Francesco Mongelli dhe Prof. Gianmaria Zito dhe
me Prof. Michail Fytikas i Universitetit Aristoteli i Thesselanikut. Té gjithéve atyre u shprehim
falénderimet mé té pérzemérta. Pér realizimin e studimeve té gjeotermisé kemi patur mbéshtetjen
dhe ndihmén e pakursyer, si edhe bashképunim té frytshém me Institutin e Informatikés dhe té
Matematikés sé Aplikuar (INIMA), dhe vecanérisht té Prof. Dr. Akademik Gudar Begiraj dhe Prof.
Dr. Neki Frashéri, té ciléve u shprehim mirénjohjen toné. Falénderojmé Prof. Dr. Geys Mebu A. né
Niedersachsisches Landesamt Fur Bodenforschung, Hannover, pér analizat e tritiumit dhe té
Oksigjenit 18 dhe Dr. Jovan Zoto, Instituti i Fizikés Bérthamore né Akademiné e Shkencave té
Republikés sé Shqipérisé, pér analizat e izotopit té Oksigjenit 18.
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Ijemi mirénjohés botuesve Dr. E. Hurtig, Dr. Vladimir Cermak, Dr. Ralf Haenel. dhe Dr. Vladimir
Zui of the GEOTHERMAL ATLAS OF EUROPE, si edhe Dr. Suzanne Hurter dhe Dr. Ralph Haenel té
“ATLAS OF GEOTHERMAL RESOUCES IN EUROPE” pér konsultimin dhe udhézimet me shumé
vleré gé na ka dhéné né procesin e hartimit té Atlasit. Falénderojmé Dr. Andrew Green, Drejtor i
Manaxhimit i CSMA Ltd. pér ndihmén dhe kujdesin e vazhduar, si edhe BSc DMS Haydn Scholes,
ITG Manaxher i CSMA Ltd. pér diskutimin dhe vlerésimin qé i béri punés soné gjaté paraqitjes sé
hartave gjeotermale té Shqipérisé.

Ne u shprehim falénderimet tona Zotit Arjan Gace, UNDP-GEF SGP Zyra e Tiranés,
Prof. Dr. Kiril Popovski, Universiteti St. Kliment Ohridski, Bitola dhe Prof. John V. Lund,
Instituti i Teknologjisé, Oregon USA pér kontributin e tyre dhe ndihmén lidhur me studimin
pér rrugét e shfrytézimit té energjisé gjeotermale, migésore me mjedisin, né Shqipéri, qé
kemi relizuar vitet e fundit.

Né ményré té vecanté falénderojmé Drejtoriné e Zbatimit té Programeve dhe Projekteve
té Komitetit t€ Shkencés dhe té Teknologjisé, Dekanatin e Fakultetit té Gjeologjisé dhe té
Minierave té Universitetit Politeknik té Tiranés, Zyrén e GEF-UNDP né Tirané&, Drejtoriné e
Institutit Gjeofizik té€ Akademisé s€ Shkencave té Republikés Ceke né Pragé dhe té Institutit
Gjeologjik té Naftés dhe té Gazit, t€ Albpetrol né Fier, Departamentin e Gjeotermisé dhe
Laboratorin e Kimisé sé Institutit Leibniz pér Gjeoshkencat e Zbatuara (GGA), Hannover,
Gjermani, UNDP-GEF SGP Zyra e Tiranés Drejtoriné e Institutit t€ Informatikés dhe té
Matematikés sé Aplikuar (INIMA) pér ndihmén e vazhdueshme té dhéné gjaté hartimit té
Atlaseve dhe kushtet e krijuara pér realizimin e projekteve pérkatés té fushés sé gjeotermisé.

Pérzemérsisht falénderojmé Zotin Andrew McLeish pér korrigjimin gjuhésor té
pérmbledhjes né gjuhén angleze, si edhe Zonjén Tatjana Cenko pér redaktimin gjuhésor té
tekstit né gjuhén shqipe. I shprehim mirénjohjen Ing. Agron Pullumbi pér punén e kualifikuar
qé ka béré né pérgatitjen pér shtyp t€ monografisé.

Autorét falenderojné recenzentét Prof.Dr. Gjergji Foto dhe Prof.As.Dr. Pirro Leka pér vlerésimin
gé i béné monografisé dhe ndihmesén gé ata dhané me sugjerimet e béra.

I shprehim mirénjohjen Drejtorisé s€ Shkencés sé Ministrisé sé Arsimit dhe Shkencave,
Kryesisé€ sé Akademisé sé Shkencave té Republikés s€ Shqipérisé dhe Dekanatit té Fakultetit
té Gjeologjis€ dhe té Minierave té Universitetit Politeknik té Tiranés, pér krijimin e kushteve
pér botimin e “Atlasi i Burimeve té Energjisé Gjeotermale té€ Shqipérisé”.
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1. STUDIMET GJEOTERMALE PARAPRIJESE TE ATLASIT

Studimet gjeotermale té kryera né kuadrin e realizimit té projekteve “Atlasi Gjeotermal i
Albanideve” [1995] dhe “Atlas of the Geothermal Resources in Albania” [1996], jané parapriré nga
matje té temperatures né puse té thellé té naftés dhe té gazit. Kéto matje jané kryera qysh nga viti
1951, nga operatorét e paré té karotazhit, si: Hamdi Bejtja, Alfred Frashéri, Agim Luari, Pertef Nishani,
Kadri Zalla etj., té Ekipit té Karotazhit t& Ndérmarjes sé Shpimit né Patos dhe mé pas nga operatorét
Fatmir Luari, Zylal Mahmutaj etj., t&¢ Ndérmarrjes sé Gjeofizikés Kantierale té Patosit. Nga kéto
institucione, temperatura éshté regjistruar me termometra elektriké né gindra puse té thellé nafte
dhe gazi pér té pércaktuar nivelin e ngritjes sé unazés sé ¢cimentos pas kolonés dhe pér té zgjedhur
detyra té tjera té ndryshme té karakterit teknik. Né 85 puse éshté regjistruar temperatura pér
pércaktimin e gradientit gjeotermal. Gjaté viteve, specialisté té ndryshém té Ndérmarrijes sé Gjeofizikés
Kantierale té Patosit, Vladimir Dodbiba, Fejzi Kafexhiu, Daver Cano etj., kané studiuar dhe
pérgjithésuar regjistrimet e kryera té temperatureés.

Né disa puse né vendburime té naftés dhe té gazit éshté matur temperatura edhe me termometra
maksimale né disa thellési, nga specialisté t& ndérmarrjeve té nxjerrjes sé naftés dhe té gazit dhe té
Institutit Teknologjik té Naftés dhe Gazit né Patos.

Né vitin 1990, u krye studimi “Gjeotermia e Albanideve” [A.Frashéri], i cili u pérfshi né Atlasin
Gjeotermal té Europés, 1992, i botuar nga Geographisch-Kartographische Anstalt Gotha né Gjermani.
Hartat gjeotermale té Shqipérisé né kété Atlas jané dhéné né shkallén 1:2500000 dhe jané ndértuar
sipas analizés sé 38 termogramave.

Né gjashtémujorin e dyté té vitit 1992, filloi realizimi i Projektit “Gjeotermia e Albanideve”, fryt
i té cilit éshté Atlasi Gjeotermal i Shqipérisé (1995) me té dy pjesét e tij, até térésor pér Shqipéring, me
harta né shkallén 1:1000000 dhe tjetrin pér zonén tektonike Jonike dhe Ultésirén Pranadriatike ku
ndodhen vendburimet e naftés dhe té gazit [1993] me harta né shkallén 1:1500000.

Atlasi éshté hartuar duke patur né dispozicion termogramat:

- E 84 puseve té regjistruara nga ekipet e Ndérmarrjes Gjeofizike Kantierale té Patosit, pér
periudhén 1952-1993.

- E 59 puseve té regjistruara nga ekipi i Seksionit té Gjeofizikés té Fakultetit té Gjeologjisé dhe té
Minierave, si edhe né bashképunim me shkencetarét ¢eké né periudhén 1993-1995.
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Vetité termike té shkémbinjve, sipas mostrave té mbledhura né vitet 1993-1995 né Shqipéri, jané
pércaktuar nga ekipi shqiptar né Laboratorin e Institutit Gjeofizik té Pragés dhe disa né Departamentin
e Gjeologjisé dhe té Gjeofizikés né Universitetin e Barit.

Matjet né miniera, né Bulgizé, etj. jané kryer nga Doc. Hajredin Shtino.

Studimi “Atlas of Geothermal Resources of Albania” u hartua gjaté viteve 1994-1996 nga i njéjti
ekip i pérbashkét shqgiptaro-cek né kuadrin e “Atlas of Geothermal Resources in Europe”, i cili u
botua né vitin 2002.

Platforma mbi parimet e pérdorimit kompleks dhe kaskadé té energjisé gjeotermale té entalpisé
sé ulét né Shqipéri, e pérgatitur nga Alfred Frashéri gjeti vlerésim nga Workshopi 26-t& mbi
Inxhinjeriné e Rezervuaréve Gjeotermalé (29-31 janar 2001) Universiteti Stanford California, USA
dhe u botua né materialet e tij.

Vrojtimet, studimet dhe analizat e burimeve dhe té puseve té ujérave termale jané kryer nga
shérbimet hidrogjeologjike e gjeofizike té€ Shérbimit Gjeologjik Shqgiptar dhe té Qendrés Kombétare
Shkencore té Kérkimeve té Hidrokarbureve [Avgustinskij V.L. etj., 1957, Avxhiu R. Etj. 1999, Dakoli
H. etj. 1981, 2000, Dhima K. etj. 2000, Harta Hidrogjeologjike e Shqipérisé né shkallé 1: 200 000 , 1985,
Eftimi R. etj., 1989, Reci H. etj., 2001, Tartari M. etj., 1999, Velaj T. 1995].

NEé vitin 2003, nga njé ekip i gjeré i Shogatés sé Ruajtjes dhe Mbrojtjes sé Ujérave Bregdetare dhe
té Embla té Shqipérisé, u realizua Projekti sensibilizues “Pérdorimi i energjisé gjeoteormale migésore
me mjedisin né Shqipéri”’, UNDP-GEF, SGP. Ky Projekt u realizua sé bashku me Institutin e
Informatikés dhe té Matematikés sé Aplikuar (INIMA).

Né kuadrin e kétij projekti u botua njé broshuré, u pérgatit njé videokaseté mbi energjiné
gjeotermale té Shqipérisé, u hatuan tre projekte ide mbi pérdorimin e nxehtésisé sé Tokés pér ngrohjen
e banesave dhe té serave, mbi pérdorimin kompleks dhe kaskadé té energjisé sé ujérave termale
[Frashéri A etj., 2003], si edhe u organizuan katér workshope sensibilizuese. Broshura éshté pérfshiré
edhe né njé fage té internetit té€ INIMA, si bashkautore e projektit, me adresé:

http://www.inima.al/~nfra/geothermal

Me kérkesén e Institucionit Gjerman Geothermische-Vereinigung, kjo broshuré éshté futur edhe
né fagen e tyre té Internetit: EGEC’s GEOTHERNET:

http://www.Geothermie.de

Né kuadrin e kétij projekti u pérgatit edhe drafti shqgiptar i “Ligji i Energjisé Gjeotermale” [Frashéri
E., 2003].

Periodikisht, rezultatet e studimeve gjeotermale kané gjetur vlerésim pozitiv né artikujt e botuar,
si edhe jané té referuar né simpoziume, workshope dhe né kongrese shkencore né Shqipéri dhe

ndérkombétare [Cermak V. etj., 1994, 1999, Frashéri A. 1991, 1992, 1993, 1993, 1993, 1993, 1994, 1995,
1996, 1997, 1998, 2001, Frashéri A. et al., 1995, 1996, 1996, 2002, 2003].
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2. TE DHENAT BAZE FIZIKO-GJEOLOGIIKE
TE STUDIMIT GJEOTERMAL TE ALBANIDEVE

2.1. Véshtrim mbi gjeologjiné e Albanideve

Albanidet pérfagésojné strukturat gjeologjike gé shtrihen né territorin e Republikés sé Shqipérisé.
Ato shtrihen midis Dinarideve dhe Helenideve dhe sé bashku formojné harkun Dinarid-Albanid-
Helenid té rrudhosjes sé brezit alpin mesdhetar (Fig. 1) [Aubouen I. dhe Ndoja I., 1964, Bicoku T. dhe
Papa A. 1981, 1965, Bushati S. 1998, Frashéri A. etj., 1993, 1996, Harta Gjeologjike e Shqipérisé 1984,
Harta Tektonike e Shqipérisé 1985, Meco S. dhe Aliaj Sh, 2000, Melo V., 1986, Papa A, 1993, Prenjasi E,
1999, Ricou E.L. et al., 1998].

Albanidet filluan zhvillimin e tyre qysh né triasik, mbi njé nénshtrat hercinik dhe u formuan
nga orogjeneza alpine. Né tektonogjenezat kryesore vecohen, ato: paleotektonike (jurasike dhe
jurasiko-kretake), tektonike (kretake e vonshme dhe paleogjenike), tarditektonike (oligocenike dhe
miocenike) dhe neotektonike (pliocenike-pleistocenike).

Né Shqipéri pérhapen shkémbinjté e moshés mé té vjetér ordovikiane e deri tek ata mé té rin;,
Antropogjené. Albanidet i karakterizojné dy treva paleogjeografike t¢ médha, Albanidet e jashtme
dhe Albanidet e brendshme. Albanidet e brendshme jané prekur vetém nga etapa paleotektonike e
tektonike, gé solli daljen e ofioliteve, si ashkla té kores ogeanike, gjaté zhytjes sé Adrias, pjesés sé
pllakés afrikane nén até euroaziatike. Albanidet e jashtme jané prekur vetém nga etapat e mévonshme
tektonike, tarditektonike dhe neotektonike. Fazat orogjenike kané mérguar né hapésiré dhe né kohé,
nga Albanidet e brendshme né lindje drejt peréndimit, Albanideve té jashtme.

Albanidet e brendshme karakterizohen nga prania e brezit ofiolitik madhor dhe té tektonizuar
intensivisht, i cili vendoset si napé nga lindja né peréndim. Ka dy piképamje mbi vendosjen e ofioliteve:
karakteri allokton i napés ofiolitike [Aubouin I. 1973, Cadet J.P. etj., 1980, Frashéri A. 2000, Hoxha L.
2000, Langora LlI. etj., 1983, Qirinxhi A. 1970] dhe vendosje aloktone relative me gjenezé né zonén e
Mirdités. [Becaluva L. etl. 1994, Bushati S. 1988, Gjata K. dhe Kodra A., 2000, Kodra A. 1993, 1998,
Shallo M. etj., 1989]. Albanidet e jashtme jané zhvilluar anash skajit pasiv té pllakés adriatike [Aliaj
Sh. 1987, Bare V. etj., 1996, Dalipi H. 1985, Frashéri A. etj., 1996, Méhillka L. etj., 1999, Prenjasi E. 1999,
Xhacka P. etj., 1985, Xhufi C. dhe Canaj B., 1999].

2.1.1. Konfiguracioni i Kores sé Tokés né Albanidet

Studimet sizmologjike dhe vrojtimet krahinore gravimetrike e magnetometrike kané dhéné
informacion pér koren e Tokés né Albanidet [Arapi S., 1982, Bushati S. 1982, 1997, 1998, Frashéri A.
etj., 1996, Kogiu S., 1989, Lubonja L. etj., 1968, Sulstarova E., 1987, Veizaj V. dhe Frashéri A. 1996].
Struktura e Kores sé Tokés, sipas té dhénave té vrojtimeve sizmologjike té valéve té thyera, fillon té
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béhet mé e trashé, duke filluar nga rajonet gendrore té detit Adriatik drejt steresé sé Albanideve
(Fleta 1-a) [Kogiu S., 1989]. Korja sedimentare ka trashési rreth 10 km né hapésirat e Adriatikut dhe
rritet deri né 15 km né bregdetin e Shqipérisé (Fleta 1-a), [Frashéri A., etj. 1996, Kociu S. 1986, Veizaj
V. dhe Frashéri A. 1996]. Shkémbinj gé kané shpejtési té valéve sizmike 5.9- 6.2-km/sek pérfagésojné
shtresén e poshtme té kores sedimentare. Kéta shkémbinj kané strukturé shumé kompakte. Né
Albanidet jané fiksuar katér anomali Buge krahinore té forcés sé gravitacionit [Bushati S. 1988]: dy
maksimume dhe dy minimume (Fleta 2). Maksimumi gravitativ kryesor shtrihet mbi skajin veri-
lindor té brezit ofiolitik. Maksimumi i dyté ndodhet né rajonin e Vlorés, i cili shtrihet pothuajse
térthor me shtrirjen e strukturave té Albanideve té jashtme. Kéto maksimume gravitative lidhen me
rritjen e trashésisé sé kores né brezin ofiolitik si dhe né rajonin e Vlorés (Fleta 2, 4-a). Minimumi
gravitativ kryesor shtrihet nga juglindja e Shqipérisé drejt bregdetit, né veri-peréndim té saj. Minimumi
i dyté ndodhet né zonén e Alpeve Shgiptare [Dragashevic D. 1983, Bushati S. 1988]. Kufiri MOHO
zhytet nga 25 km né Adriatikun gendror, né (43-45)km né pjesén lindore té Albanideve [Morelli C.
etj., 1969, Finetti I. dhe Morreli C. 1972, Frashéri A. etj., 1993, 1996, Richetti G. 1980].

Né hapésirén e shelfit shqgiptar té detit Adriatik drejt lindjes sé Albanideve vérehet zmadhim i
amplitudés sé anomalisé Buge (Fleta 4-a). Né profilin gjeologo-gjeofizik Albanid-1 paraqitet zvogélimi
i thellésisé sé kufirit MOHO né hapésirat e detit Adriatik (Fleta 4-a). Anomalité krahinore té
gravitacionit jané shkaktuar nga ndértimi bllokor i kores, ¢cka pérputhet edhe me rezultatet e studimeve
sizmologjike. Ndértimi tektonik i niveleve té poshtme té kores sé Tokés né Albanidet reflektohet
edhe né pérhapjen e fushés magnetike (Fleta 3). Sipas interpretimit t&é anomalive magnetike krahinore
rezulton se tavani i bazamentit kristalin zhytet drejt litoralit shqgiptar (Fleta 4-a).

Albanidet jané breza té rrudhosur tipike alpine gé shtrihen né drejtim JIL-VVP. Strukturat e tyre
jané asimetrike, me anim tektonik nga peréndimi, por takohen edhe struktura té shtrira e té
pérmbysura dhe té komplikuara me shképutje né krahét peréndimoré, si rezultat i mbulesave tektonike
té njé zone mbi tjetrén, d.m.th. si pasojé e alloktonisé sé ploté té Albanideve té brendshme, si edhe
mbihipje e branisje t&¢ médha drejt peréndimit té disa strukturave antiklinale té Albanideve té jashtme;
té shkaktuar nga kolizioni midis pllakés sé Adrias e asaj Euroaziatike.

Albanidet ndérpriten nga thyerje té thella gjatésore; nga disa prej té cilave kané shpérthyer
evaporite. Krahas tyre, evidentohen edhe thyerje térthore si ajo Shkodér-Pejé, Vloré-Elbasan-Dibér
etj. Kéto thyerje pérshkojné té gjithé koren e Tokés dhe jané sizmogjene. Me thyerjet e thella lidhen
edhe burimet e energjisé gjeotermale té Shqipérisé.

Ndértimi tektonik i niveleve té thella té kores sé Tokés dhe dinamika e saj, gjejné pasqyrim edhe
né strukturat gjeologjike té Albanideve dhe né stilin e tyre tektonik.

Studimet gjeologjike dhe gjeofizike krahinore kané vecuar disa zona tektonike (Fleta 1-b):
Albanidet e brendshme: Zonat tektonike Korabi, Mirdita, Gashi,

Albanidet e jashtme: Zonat tektonike Alpet Shqiptare, Krasta-Cukali, Kruja, Jonike, Sazani dhe
Ultésira Pranadriatike.

2.1.2. Albanidet e brendshme

2.1.2.1 Zona Korabi (Ko), e cila vazhdon tej kufijve té Shqipérisé me zonén Pelagoniane. Né kété
zoné dalin né sipérfage formacionet me moshé mé té vjetér né vend, té cilat pérfagésohen nga rreshpe,
ranoré, konglomeraté dhe gélgeroré té metamorfizuar té silurianit - devonianit, shkémbinj me pamje
flishore té karboniferit, ranoré e konglomeraté té€ permianit-triasikut té poshtém. Gjipset dhe anhidritet
e rajonit té Peshkopisé jané té& moshés triasike [Muhameti P. dhe Pajo 1.].

Nga disa studiues pranohen si té zonés sé Korabit, ndérsa nga studiues té tjeré interpretohen si
dritare tektonike e zonave Albanideve té jashtme né thellési té Albanideve té brendshme [Melo V.
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1986, Velaj T. 2002]. Vende-vende takohen trupa té vegjél shkémbinjsh vullkaniké e subvullkaniké,
me pérbérje bazike dhe acido-alkalinore. Shkémbinjté mé té rinj jané gélgerorét triasiké e jurasiké,
flishet jurasiko-kretaké dhe eocen i sipérm-oligocen i poshtém, si edhe molasat neogjenike. Zona e
Korabit ka strukturé té ndérlikuar, me rrudha, shképutje dhe mbulesa tektonike.

2.1.2.2. Zona Mirdita (M), e cila tej kufijve vazhdon me zonén Subpelagoniane né Greqi. Kjo
zongé shtrihet si brez i gjeré gjaté gjithé territorit te vendit nga veriu né jug. Tre kate strukturore u
formuan gjaté etapave té ndryshme orogjenike né zonén Mirdita. Kati i poshtém pérbéhet nga ofiolitet
dhe formacionet kontinentale né periferi té tyre. Ofiolitet pérfagésojné ashkla té kores ogeanike.
Brezi ofiolitik jurasik rrethohet nga njé borduré e formacionit vullkano-sedimentar dhe gélgeroré
pelagjiké té moshés sé triasikut té sipérm-jurasikut t¢ mesém. Mbi kéta vazhdon melanzhi tektonik i
jurasikut té sipérm-kretakut té poshtém (flishi i hershém) me olistrostrome té shumta gélgerorésh
neritiké [Prenjas E. etj., 1982].

Brezi ofiolitik pérbéhet nga masivé ultrabaziké né té dy pjesét anésore dhe nga gabro,
plagjiogranite-diorite kuarcore dhe vullkanogjené né pjesén gendrore.

Ofiolitet jané formuar né trevén ogeanike té Tetisit dhe kané dalé e kané filluar té z&né vend nga
fundi i jurasikut, duke u zhvendosur gradualisht drejt peréndimit mbi formacionet e buzinés
kontinentale. Mbi ofiolitet vende-vende shtrihen gélgeroré té kretakut gqé pérbéjné katin e dyté
strukturor.

Gjaté etapave tardi-tektonike, vecanérisht neotektonike, né zonén Mirdita u formuan gropat
molasike té brendshme, té tre gjeneracioneve: mé té vjetra té oligocen-miocen i poshtém, té tortonianit
dhe té pliocenit. Depozitimet e molasave pas-orogjenike kané mbuluar transgresivisht pjesé té zonés
Mirdita dhe pjesérisht té zonés sé Krasta-Cukali né basenet e Korgés dhe té Burrelit.

Anomali Buge intensive dhe fushé magnetike e turbullt karakterizojné brezin ofiolitik (Fleta 2,
3) [Bushati S. 1997, 1998, Frashéri A. etj. 1996]. Brezi ofiolitik ka trashési deri né 14 km né masivin
ultrabazik té Kukésit. Drejt peréndimit dhe juglindjes sé vendit, kjo trashési reduktohet deri né 2 km
(Fleta 4-a, 4-b). Ky interpretim vérteton karakterin allokton té ofioliteve dhe até mbulesor té kontaktit
peréndimor té zonés Mirdita mbi formacionet e zonés Krasta-Cukali. Ndarja e anomalive té
gravitacionit dhe magnetike né rajonet gendrore té Albanideve té brendshme, né korridorin flishor
té Shéngjergjit vértetojné gjithashtu karakterin mbulesor té ofioliteve dhe praniné e térthores Dibér-
Elbasan-Vloré (Fleta 2, 3).

2.1.1.3. Zona e Gashit (G), e cila tej kufijve, né veri, vazhdon me zonén e Durmitorit né Dinaridet.
Né kété zoné pérhapen shkémbinjté terrigjené dhe gélgeroré pak té€ metamorfizuar té silurian-
devonianit, si edhe shkémbinjté vullkanogjené té metamorfizuar me pérbérje bazike, mesatare acide
dhe rrallé shkémbinjté pikritiké. Shkémbinjté terrigjené e vullkaniké i ndan masivi granodiorit i
Trokusit.

2.1.3. Albanidet e jashtme

2.1.3.1. Zona e Alpeve (A), e cila vazhdon me zonén e Karstit té Larté né Dinaridet. Ranorét dhe
konglomeratét e moshés permiane, jané shkémbinjté mé té vjetér té késaj zone. Mbi kéta shtrihen
shkémbinj karbonatiké me ndérshtresa té tufeve vullkanike té triasikut t€ mesém, gélgeroré e dolomite
té triasikut té sipérm dhe gélgeroré neritiké organogjené té jurasikut-kretakut, me disa ndérshtresa
stralli, si edhe flishe té majés té kretakut té poshtém-eocenit. Kjo zoné i éshté nénshtruar fillimisht
tektonogjenezés sé eocenit té voné. Strukturat e Alpeve pérfagésohen nga monoklinale té kombinuar
me antiklinale té vogla.

2.1.3.2. Zona Krasta-Cukali (KC), vazhdon tej kufijve shtetéroré shqgiptaré me zonén e Pindit né
Helenidet dhe té Budvés né Dinaridet. Kjo éshté njé zoné ndérmjetése midis Albanideve té brendshme
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dhe Albanideve té jashtme. Zona Krasta-Cukali éshté nénshtruar fillimisht tektonogjenezés sé eocenit
té voné. Kjo zoné ndahet né dy nénzona:

Nénzona Cukali, e cila shtrihet né pjesén veriore, midis Alpeve Shqiptare dhe zonés Mirdita.
Ajo ndértohet nga shkémbinj karbonatiké té€ mesozoit (nga triasiku deri né kretak), disa shkémbin;
vullkanogjené té trisikut t&¢ mesém dhe pak radiolarite né tavanin e jurasikut té sipérm. Mbi kéta
shkémbinj vendoset flishi i paleocenit-eocenit. Kéta shkémbinj formojné njé antiklinal t& madh, me
disa rrudha té vogla né sfondin e tij. Zona e Alpeve Shqiptare dhe ajo e Mirdités jané té mbihedhur
mbi nénzonén e Cukalit.

Nénzona Krasta, e cila shtrihet si njé brez i ngushté nga Shkodra né veri deri né skajin juglindor
té Shqipérisé, né Leskovik. Né kété brez pérhapen tre formacione: flishi i albian-cenomanianit, seria
e gélgeroréve té senonianit dhe flishi i maastriktian-eocenit. Flishi i nénzonés Krasta shfaget edhe né
korridorin e Shéngjergjit, duke ndaré brezin ofiolitik né dy pjesé. Kjo zoné mbihipén drejt peréndimit
né formé nape mbi zonén Kruja.

2.1.3.3. Zona Kruja (Kr), e cila tej kufijve vijon me zonén Dalmate né Dinaridet dhe né jug me até
té Gavrovés né Helenidet.

Né pjesén e poshtme té prerjes sé zhveshur té saj shtrihen shkémbinj karbonatiké neritiko-
pelagjiké té kretak-paleogjenit dhe mbi ta vendoset flishi oligocenik, i cili ka trashési deri né 5km.
Rrudhosja kryesore e késaj zone u bé né oligocenin e mesém dhe né miocenin e poshtém e té mesém,
prandaj, vende-vende takohen edhe vendosje transgresive té€ depozitimeve té oligocenit té sipérm
dhe sidomos té miocenit mbi ato mé té vjetrat [Nishani P. 1985]. Né zonén e Krujés ekziston pushimi
stratigrafik né nivelin e paleocen-eocenit, diapazoni i té cilit Iéviz nga njé varg antiklinal né tjetrin.
Kjo zoné ndértohet nga disa vargje antiklinale dhe sinklinale, me vendosje shkallore ulése drejt
peréndimit. Kéto struktura jané lineare dhe kané gjatési disa dhjetéra kilometra. Antiklinalet, né
pérgjithési kané krah peréndimor té képutur nga tektonika mbihipése, prandaj ato shpeshheré
vrojtohen vetém si monoklinale me rénie lindore, si¢ éshté ai i vargut Dajti-Krujé. Pérgjaté mbihipjeve,
gélgerorét dhe dolomitet e kretakut kontaktojné tektonikisht me flishet oligoceniké té sinklinaleve
né peréndim.

2.1.3.4. Zona Jonike (J), e cila vazhdon me té njéjtin emér, tej kufijve né Helenidet. Kjo éshté
zona mé e madhe e Albanideve té jashtme dhe éshté zhvilluar si hulli e thellé pelagjike, gysh nga
liasiku i sipérm.

Evaporitet e triasikut té sipérm jané shkémbinjté mé té vjetér té késaj zone. Mbi ta shtrihet
formacioni i trashé i gelgeroréve neritiké dhe dolomiteve té triasikut té sipérm-jurasikut té poshtém,
gélgerorét pelagjiké me ndérshtresa stralli té jurasikut-kretakut-paleogjenit. Gélgerorét vijojné me
flishin oligocenik, dhe me formacionin flishoidal té akuitanianit. Shliret e burdigalianit-langhinianit
dhe pjesérisht té serravalian-tortonianit mbushin kryesisht brezat sinklinalé.

Veprimet e tektogjenezés, gé jané shfaqur njé pas njé né zonén Jonike, kané shkaktuar rrudhosjen
e strukturave. Rrudhosjet kryesore jané ato té miocenit té poshtém dhe té mesém.

Jané formuar tre breza antiklinalé, té cilét jané té ndaré nga breza sinklinalé:

a) Brezi antiklinal i Beratit, né anén lindore té zonés.

b) Brezi antiklinal i Kurveleshit, né pjesén gendrore té zonés.

¢) Brezi antiklinal i Cikés, gé pérfagéson anén peréndimor té zonés Jonike.

Kéta breza, né pérgjithési, kufizohen midis tyre me mbihipje tektonike krahinore. Brezat
antiklinale jané té pérbéré nga vargje antiklinale, me bérthama gélgerore. Vargje sinklinale ndajné
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antiklinalet njéri nga tjetri. Strukturat jané me asimetri peréndimore dhe kané shtrirje té pérgjithshme
juglindje-veriperéndim. Ato kané amplitudé disa kilometra. Drejt peréndimit strukturat béhen mé
asimetrike dhe rrafshet aksialé bien drejt verilindjes. Né té shumtat e rasteve, krahét peréndimoré té
antiklinaleve jané ndérpreré nga tektonika shképutése, deri né mbihipése me amplitudé 5-10 km
[Prenjasi E., 1992]. Shképutjet mbihipése regjionale si ajo midis zonés Jonike dhe plaatformés Pre-
Apuliane (Sazani) kané amplitudé disa kilometra dhe depértojné né thellési t&¢ médha, duke prekur
té gjithé Koren e Tokés. Né to vendosen vatra térmetesh. Tektonikat mbihipése té kundérta jané
shkaktuar nga dukurité tektonike zbrapése.

Dy stile tektonike jané dalluar né zonén Jonike: stili i tektonikés sé dyfishté dhe ai tjegullor.
Gjeodinamika e zonés Jonike éshté lidhur me evolucionin e prishjeve tektonike térthore. Kéto prishje
e kané ndaré basenin jonian né disa blloge, gysh nga koha e riftimit né jurasikun e poshtém dhe té
mesém. Riaktivizimi periodik i prishjeve térthore kané luajtur gjithashtu, njé rol té réndésishém né
dukuriné e mbihipjes. Né profilin krahinor sizmik, qé kalon népér zonén Jonike, duket garté se gjaté
procesit té strukturimit té zonés Jonike, nga oligoceni i sipérm deri né langhian, kané ndikuar
gélgerorét e nénshtruar té basenit té Adriatikut dhe té zonés sé Sazanit (Fleta 5).

Karakteristiké e pérbashkét e brezave strukturoré té zonés Jonike dhe Kruja jané ndérlikimet
tektonike dhe mbihipja e tyre peréndimore [Aliaj Sh. 1987, Bare V. etj., 1996, Méhillka LI. etj., 1999,
Prenjasi E., 1999, Xhufi C. dhe Canaj B, 1999]. Procesi i mbihipjes ndihmohet edhe nga prania e
trashésisé evaporitike triasike nén prerjen karbonatike.

Si rrjedhojé e 1évizjeve tektonike té njépasnjéshme, depozitimet e Miocenit té poshtém, té mesém
e té sipérm jané té vendosur me diskordancé mbi brezat antiklinalé dhe ata kalimtaré pér né brezat
sinklinalé. Kéta té fundit jané rrudhosur né tortonian-pliocen. Kjo dukuri ka ¢cuar né ndértim dykatésor
(Fleta 5). Strukturat zhyten drejt veriut, ku mbulohen nga molasa e Ultésirés Pranadriatike.

2.1.3.5. Zona Sazani (S), éshté vazhdim i platformés Apuliane. Ajo ndértohet nga njé prerje e
trashé gélgerorésh e dolomitesh kretako-oligocenike. Transgresisht mbi formacionin karbonatik,
vendosen depozitimet mergelore té burdigalianit.

2.1.3.6. Ultésira Pranadriatike (UPA), éshté ultésiré paramalore e mbushur me molasa miocenike
dhe pliocenike, té cilat pérgjithésisht jané té mbuluara nga depozitimet kuaternare (Fleta 5).
Depozitimet e saj jané vendosur mbi pjesén veri-peréndimore té zonés Jonike dhe pjesérisht mbi
zonat Kruja dhe Sazani. Ultésira Pranadriatike filloi té zhvillohet né fazén tektogjene té seravalian-
mesinianit, e cila kish filluar né oligocen dhe shkaktoi rrudhosjen e zonave Kruja, Jonike dhe Sazani.
Trashésia e molasave zmadhohet nga juglindja né veriperéndim, duke arritur né 5000m.

Depozitimet ranorike-argjilore té serravalianit, té tortonianit dhe mesinianit vendosen
trasgresivisht mbi depozitimet mé té vjetra, deri te gélgerorét, duke krijuar njé ndértim strukturor
dykatésor. Depozitimet e pliocenit jané argjilore dhe ranoro-konglomeratike.

Né periferiné lindore té saj, depozitimet e Ultésirés vendosen transgresivisht mbi vargjet
antiklinale dhe sinklinale té zonés Jonike dhe Kruja, duke filluar gé mbi shliret dhe flishin deri te
gélgerorét.

Molasa e Ultésirés éshté e rrudhosur dhe formon disa antiklinale, brahiantiklinale dhe sinklinale.
NEé verilindje shtrihet sinklinali i Tiranés. Ai ka krah lindor relativisht té geté, ndérsa krahu peréndimor
ka rénie shumé té madhe deri i pérmbysur. Ky krah, né veri té sinklinalit komplikohet me shképutje
tektonike. Mjaft i gjeré éshté edhe sinklinali i Myzeqgesé. Né peréndim té tij shtrihet vargu i
antiklinaleve Ardenicé-Divjaké-Kryevidh-Durrés.

Baseni sedimentar shqiptar vazhdon dhe né shelfin shqiptar té detit Adriatik, si me formacionin
terrigjen ashtu edhe até karbonatik.
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Zonat tektonike té Albanideve té jashtme ndodhen né regjim tektonik shtypés qysh nga periudha
e jurasikut té sipérm-kretakut [Aliaj Sh., 1987, Me¢o S. dhe Aliaj Sh, 2000, Sulstarova E., 1987]. Vetém
né pjesén peréndimore, zona Apuliane dhe baseni i Adriatikut jugor ndodhen né regjim tektonik té
vazhdueshém né térhegje.

Tektonika mbihipése e kundért né zonén Jonike dhe Sazani éshté dukuri neotektonike. Modelet
e formuara strukturore-tektonike paraqiten, si rezultat i interferencés té dy efekteve, t& mbihipjes
jugperéndimore dhe efektit té mbihipjes dytésore té re veriperéndimore. Gjaté ciklit molasik, strukturat
dhe vargjet strukturore té zonave Kruja, Jonike dhe Sazani kané zmadhuar shkallén e mbihipjes dhe
té mbihipjes sé kundért, si rezultat i zhvillimeve tektonike té fugishme. Kjo dukuri shpeshheré luan
rol kryesor né formimin e bllogeve tektoniké me natyre tjegullore.

2.2. Modelet gjeotermale té Albanideve

Studimet gjeotermale, té klasifikuara sipas parametrave té temperaturés né nivele thellésiore té
ndryshme, si edhe té gradientit gjeotermal, krahas njohjes sé pérhapjes sé fushés termale té Tokés, si
objektiv pérfundimtar kané patur edhe vlerésimin e dendésisé sé fluksit té nxehtésisé.

Njohja e fluksit té nxehtésisé krijon mundésité pér té vlerésuar:

- Nxehtésiné dhe shkallén e maturimit té 1éndés organike gjaté llogaritjeve gjeologo-gjeokimike
té rezervave té naftés dhe té gazit né fazat prognozé dhe né ato mé té detajuara té kérkimit té
vendburimeve té naftés dhe té gazit.

- Burimet e energjisé gjeotermale ekzistuese dhe té kérkimin e burimeve té reja.

- Gjendjen termale té masivéve shkémbore né fushat e minierave té thella, pér zgjidhjen e
problemeve té ndryshme teknike, né radhé té paré té ajrimit té minierave.

- Paleoklimén dhe ekstrapolimin e té dhénave té parashikimeve, né kuadrin problemeve té
mjedisit.

Nisur nga kjo réndési, vlerésimi i fluksit té nxehtésisé éshté béré me té dhénat mé té sigurta té
temperaturés, té regjistruara né kushte té qéndrueshmérisé termike té puseve dhe me termograma
té padeformuara nga procese gjeomorfologjike, litologo-strukturore dhe hidrodinamike sipérfagésore
dhe té thellésisé. Pér kéto arsye éshté analizuar me imtési ndikimi i pérbérjes litologjike dhe
strukturore, si edhe dukurité e hidrodinamikés né madhésiné e gradientit gjeotermal.

Vlerésimi i dendésisé sé fluksit té nxehtésisé béhet duke klasifikuar puset sipas modeleve gjeotermale, né
pajtim me kriterin & madhésia e dendésisé sé fluksit té pércaktohet pér pjesén relativisht mé homogjene té
prerjes gjeologjike té shpuar nga puset:

1. Modeli i suites argjilore Helmési té pliocenit, pér Ultésirén Pranadriatike.

2. Modeli i prerjes molasike té serravalian - tortonianit, pér rajonet Durrés, Tirané, Kucoveé e
Memaliaj.

3. Modeli i prerjes mergelore té burdigalianit, pér rajonin e Vlorés.
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4. Modeli i prerjes flishore té oligocenit, pér rajonet Ballsh-Cakran-Gorisht-Kocul, Kreshpan,
Lanabregas, Prishté, Sasaj dhe Vurg.

5. Modeli i prerjeve halogjene, né diapiret e Xarés dhe té Dumresé, ku béjné pjesé pusi i Butrintit
dhe puset e Dumresé.

6. Modeli i prerjes ultrabazike pér rajonet e masivit ultrabazik té Bulgizes, té Kukésit, dhe té
Tropojés.

7. Modeli i prerjes sé shkémbinjve vullkanogjené té pakove té poshtme dhe té sipérme, pér rajonet
e Mirdités dhe Rehovés né Korgé.

8. Modeli i prerjes karbonatike né Alpet Shqgiptare.

Pér rritjen e saktésisé sé modelimit né pjesén e prerjes gjeologjike té studiuar u vlerésuan vetité
termike té ponderuara né varési té litologjisé faktike té prerjes. Deshifrimi litologjik u bé né diagramat
e karrotazhit, sipas rezistencés sé dukshme dhe té polarizimit spontan.

2.3. Vetité termike té shkémbinjve

Vetité termike jané studiuar pér njé diapazon té gjeré dhe pér lloje té& ndryshme shkémbinjsh, gé
ndértojné prerjet e puseve, ku u llogarit dendésia e fluksit termik [Hanel R. etj., 1996, Mongelli 1981,
Mongelli F. dhe Zito G. 1993]. Mostrat jané marré né puset ose né zhveshje natyrore pér moshat dhe
llojet litologjike té ndryshme. Né pasqyrén 1 (fage 82) jepen rezultatet e pércaktimeve té
pércjellshmérise termike, té kapacitetit termik dhe té difuzionit termik. Kéto rezultate jané shfrytézuar
pér té llogaritur dendésiné e fluksit té nxehtésisé. Analiza e pércjellshmérisé termike, e cila éshté
parametér gé nevojitet pér té llogaritur dendésing e fluksit té nxehtésisé, pér lehtési shtjellimi né kété
tekst, éshté béré duke analizuar rezultatet e pérgjithésimit té té€ dhénave petrotermike, té cilat paragiten
né pasqyrén 2 (fage 82).

Nga té dhénat e késaj pasqyre, duket se ranorét e tortonianit dhe té oligocenit, po késhtu edhe
argjilat e tortonianit kané vlerén mé té madhe té pércjellshmérisé termike, duke arritur pérkatésisht
deri né 5.707 dhe 5.034 W.K-t.m< Vlera té larta té pércjellshmerisé termike jané fiksuar edhe te
shkémbinjté magmatiké, vecanérisht tek ultrabazikét, té cilét kané pércjellshmériné termike deri né
3.828 W.Kt.m1. Shmangia mesatare kuadratike arrin vlera absolute té rendit nga 0.101 deri né 1.218
W.K1tm?, vlera relative e té cilit arrin né 5.6 deri né 38.6%, ose mesatarisht 14.5 %. Kéto shpérndarje
té vlerave té pércjellshmérisé termike jané patur parasysh né vlerésimin e ndikimit té tyre gjaté
llogaritjes sé dendésisé sé fluksit termal.

Vlerésimi i analizave pér pércjellshmériné termike né drejtim vertikal &shté béré né dy rrugé:

a) Duke kryer matje té pércjellshmérisé né mostra té marré né té njejtin pus té thellé té naftés e té
gazit (Pasqgyra 2). Nga sa duket nga prerja gjeotermale e paraqitur né kété pasqyré,
pércjellshméria termike luhatet nga 1.040 deri né 2.900W.K1.m* pér njé prerje té¢ molasave
neogenike, me trashési 5100m. Flishi oligocenit té poshtém ka pércjellshméri termike gé luhatet
nga 2.097 deri né 3.573W.kt.m=.
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b) Duke llogaritur dendésiné e fluksit té nxehtésisé, sipas inversionit pér prerjen gjeotermale té
pusit Kolonja-10, nisur nga prerja argjilore e suites Helmesi té pliocenit, me pércjellshméri
termike té njohur. Sipas madhésisé sé kétij fluksi, duke patur té njohur gradientin gjeotermal,
éshté vlerésuar pércjellshméria termike e prerjes sé suitave té ndryshme. Né pasqyrén 3 (fage
83) jepen rezultatet e inversionit dhe krahasimi i vlerave té gjetura nga inversioni me mesataret
e matura. Si¢ duket, pérputhja éshté e miré dhe ndryshimi éshté mé i vogél se sa gabimi i
matjes.
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3. METODIKA E VROJTIMIT, E PERPUNIMIT
DHE INTERPRETIMIT TE REZULTATEVE TE
STUDIMEVE GJEOTERMALE

Studimet gjeotermale né Shqipéri, jané orientuar né disa drejtime:

1. Matja e temperaturés né puse dhe né miniera té thella. Temperatura éshté regjistruar né 120
puse té thellé nafte e gazi té vendosur né pjesén jugperéndimore té Shqipérisé dhe né 25 puse té
cekét né rajonet lindore té vendit, t€ ndodhur né nivele hipsometrike té ndryshme. Né puset e thellé
temperatura éshté regjistruar né ményré té vazhdueshme. Matja e temperaturés né puset e cekét dhe
matjet e kontrollit té temperaturés né puset e thellé jané kryer me hap (5-10)m. Temperatura éshté
matur me termometra elektriké me rezistencé dhe me termistor. Gabimi mesatar absolut i matjes
éshté 0.3°C. Né pérgjithési, regjistrimi i temperaturés éshté béré né puse me regjim termik té€ vendosur
dhe té mbushur me solucion argjile ose me ujé, gjaté uljes té termometrit né pus. Gabimi mesatar
kuadratik i matjeve té kontrollit ka rezultuar +0.14°C, ¢ka tregon pér saktésiné e larté t€ matjes.

Né disa raste, kur nuk ka gené e mundur té regjistrohej temperatura né regjim termik té vendosur,
gjaté procesit té shpimit, u pérdor metoda e Drury (Drury, 1984) dhe nomograma e Horner-it, pér
llogaritjen e gradientit gjeotermal. Matjet e temperaturés me termometra elektriké u kontrolluan né
disa puse edhe me matje me termometér maksimal me zhivé né thellési. Ka patur pérputhje té miré
midis dy ményrave té matjes: shmangia standarde mesatare kuadratike ishte 1.6°C dhe gabimi mesatar
relativ, mé i vogél se 5%. Té dhénat e dy-tre puseve, ku gabimi mesatar relativ ka gené mé i madh se
5%, nuk jané marré parasysh pér llogaritjen e dendésisé sé fluksit termal.

Té dhénat e regjistruara u pérpunuan me analizén e trendit té rendit té paré dhe té dyté.

Termogramat e té gjithé puseve té thellé e té cekét, qé ndodheshin né zona me reliev té thyer jané korrigjuar
pér ndikimin e relievit:

0 [né °Cim] (1)

1 2
z
1+ — r
r; ku: hi - lartésia relative lokale e unazés me rreze mesatare r. dhe me
gjerésir, né m.
G, Go-g[adlentl mesatar dhe né sipérfage i temperaturés né pus,
né °C/m
Ga - gradienti mesatar i temperaturés sé ajrit, i marré [G,=0.006 °C/m]
Z - thellésia ku béhet korigjimi
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U vlerésua edhe deformimi lokal i gradientit né thellésiné Z:

1—2(f] (G-6G,) -
2z i , [né °C/ 2
$ pecom @

1 2
1+ (ZJ r?
ri

Pér pusin mé karakteristik né Ultésirén Pranadriatike (Kolonja-10) éshté béré edhe korrigjimi
pér sedimentimin deri né dyshemené e moshés sé serravalianit.

N w

Me rezultatet e pérpunimit shifror u ndértuan hartat, duke pérdorur programin Surfer. U
ndértuan hartat e temperaturés pér thellésiné 100, 500, 1000, 2000 dhe 3000m dhe harta e gradientit
gjeotermal mesatar. Pér Albanidet e jashtme, ku ndodhen puset e naftés dhe té gazit, hartat jané
ndértuar né shkallén 1: 500000, kurse pér té gjithé territorin Shqgiptar né shkallén 1: 1000000, né pajtim
me kérkesat teknike pér dendésiné e pikave té vrojtimit.

Pér Atlasin, hartat jané zvogéluar né shkallén 1: 1 500000, pér ti pérfshiré né formatin e Altasit té
miratuar nga Projekti. Mbi bazén e modeleve gjeotermale dhe té modelimit matematikor éshté kryer
edhe ekstrapolimi pér vierésimin e temperaturés né thellésité e médha né zonat e Albanideve té
brendshme, ku puset jané té cekét. Jané zgjedhur vetém puse ku gradienti gjeotermal éshté i
padeformuar nga faktorét e ndryshém gjeologjiké e morfologjike, informacioni i té ciléve shérbeu
edhe pér llogaritjen e dendésisé sé fluksit termal. Pér kété arsye jané ndértuar dy lloj harta pér kéto
thellési té médha: Harta pér té gjithé Shqipériné dhe harta vetém pér territorin e Albanideve té jashtme
ku ndodhen puset e thellé té naftés dhe té gazit dhe ku temperatura éshté matur deri né thellésité
(3000-4000)m. Kéto vlera té temperaturés jané krahasuar edhe me temperaturat e ekstrapoluara, té
dhéna né Atlasin Gjeotermal té Europés. Nga ky ballafagim rezulton se temperaturat pér té dyja
rastet jané té aférta dhe kané ndryshime té pranueshme.

2. Matja e vetive termale té shkémbinjve. U pércaktuan 392 mostra, sipas modeleve gjeotermale
té ndryshme. Pércaktimet jané kryer me metodén krahasuese té géndrueshme, me aparaturat tip
ISOMET Model 4 dhe “Shotherm” QTM-2, me anén e té cilave maten té gjitha vetité termike té treguara
meé lart. Saktésia e matjes sé mostrave ishte e larté. Gabimi mesatar kuadratik i pércaktimit té
pércjellshmérise termike éshté +/- 0.29 Wk-1m-1.

3. Llogaritja e dendésisé sé fluksit té nxehtésise, sipas modeleve gjeotermale té treguara né
paragrafin 2.2, me formulén:

q=1 at nemwim2l @)
dh
ku: - pércjellshméria termale e shkémbinjve
- gradienti gjeotermal

Dendésia e fluksi té nxehtésisé pér Ultésirén Pranadriatike u llogarit pér prerjen e suités pliocenike
Helmési, vetém me termogramat me cilésiné mé té larté. Pér kété vierésim éshté pércaktuar madhésia
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mesatare (1.94+0.07)WmK1 e pércjellshmérisé termike té argjilave té késaj suite. Shmangia mesatare
kuadratike éshté: +0.078 WmK1. Gabimi i mundshém né vlerésimin e madhésisé mesatare té tij
éshté shumé i vogél, +3.6%, pér shkallén e sigurisé 95%, pér numrin e mostrave té pércaktuar.

Shpérndarja faktike e vlerave té pércjellshmérisé termike té shkémbinjve sjell luhatjen edhe té
dendésisé sé llogaritur té fluksit té nxehtésisé. Nga llogaritja rezulton se mesatarisht, dendésia e
fluksit té nxehtésisé mund té luhatet deri né masén 10mW/m?, pér prerjen flishore té oligocenit dhe
14mW/m? pér ofiolitet, né krahasim me vlerat e paraqitura né pasqyrén 5, me té cilat &shté ndértuar
harta. Ky vlerésim éshté béré pér masén e shmangies mesatare kuadratike té pércjellshmérisé termike
té komplekseve té mésipérme té shkémbinjve.

4. Studimi nga piképamija gjeologjike, hidrogjeologjike, kimike dhe gjeotermale e teté burime té
ujérave termale, njé burim avulli gjeotermal dhe teté puse gjeotermalé gé ndodhen né Shqipéri.

5. Vlerésimi i éresurseve té energjisé gjeotermale dhe vecimi i zonave potenciale, né té cilat
mund té shfrytézohet energjia gjeotermale né Shqipéri. Pér kéto burime u llogaritén edhe rezervat e
energjisé gjeotermale.

6. Pérvijimi i rrugéve té shfrytézimit kompleks dhe kaskadé té energjisé gjeotermale né Shqipéri.

Studimet gjeotermale jané shtriré né té gjithé territorin shqgiptar dhe né brezin ndérkufitar
Shqipéri-Greqi dhe Shqipéri-Magedoni.

Té dhénat e puseve né territorin e Republikés sé Shqipérisé jané lidhur me té dhénat e dy puseve
gé ndodhen prané kufirit Shqiptaro-Grek, njéri Greqi-8 né Jug te Butrintit, si edhe tjetri Napoli-2 né
lindje té Malit té Gramozit, né dy puset e shpuara né Adriatik, njéri né veriperéndim té Durrésit dhe
tjetri né veriperéndim té Vlorés. Késisoj, hartat e temperaturave, té gradientit gjeotermal dhe té
dendésisé sé fluksit té nxehtésisé té Republikés sé Shqgipérisé jané té lidhura me ato té Greqisé dhe té
Shelfit té Adriatikut.

Llogaritja e rezervave té fushave gjeotermale potenciale &shté béré né pajtim me “Udhézuesin e
Rekomandimeve té Komisionit Ndérkombétar té Fluksit Termal” té botuar né “Manual pér
pércaktimin e dendésisé sé fluksit té nxehtésisé sé Tokés”, nga botuesi Haenel R., Rybach L.,Stegena
1996, si edhe Rach Golf van T.D. 1982, Doracaj M. 1986.

Nxehtésia né vend (Q,), qé ka njé akuifer i dhéné, pércaktohet duke shfrytézuar modelin véllimor té nxjerrjes
sé nxehtésisé:

Q:(l_P)ngm-l_Pgwcw(Tt _TO)AAZ (4)

ku:

P - poroziteti efektiv

g - dendésia mesatare e shkémbinjve ose e kolonés sé uijit.

¢ - kapaciteti i nxehtésisé specifike t& shkémbinjve ose té ujit.

T, - temperatura né tavanin e akuiferit

T, - temperatura né sipérfagen e Tokés

A - sipérfagja e zonés sé studiuar
AZ trashésia reale e akuiferit

m - indeksi pér matriksi i shkémbit

w - indeksi pér ujé
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Rezervat e identifikuara né grykén e pusit té vetmuar (Q,), llogaritet me funksionin:

0 =0,R, (5)
ku: Ro éshté faktor i rikuperimit, i ndryshém pér puset me dhe pa ri-injektim:
T-T
R,=033.21—r (6)
t TO

ku: T - temperatura e ujit té ri - injektuar, °C

Rezervat e provuara né grykén e pusit (Q,), u llogaritén me ekuacionin:

Qz =R, 'Ql (7)

Faktori i rikuperimit (R,), pércaktohet nga madhésia e energjisé sé nxjerrshme, kostos sé instalimeve (1),
dhe rezervave té identifikuara (Q):

E-I
R=""C-
0,

E=0Q,-(I,-T.)g,c,-At (9)

(8)

(10)

ku:
| - kosto e instalimeve té pusit t& vetém ose té sistemit me dy puse, e shprehur né nxehtési,
I, - kosto e instalimeve ku pérfshihet kosto e shpimit dhe kompletimit té pusit,
C - pérmbaijtja e nxehtésisé specifike té naftés,
P _— ¢mimi i naftés né kohén e dhéné,
At- afati i shérbimit t& instalimit
Q, - prurja e ujit nga akuifer i kufizuar

Duke konsideruar regjimin e géndrueshém té prurjes sé ujit nga akuiferi, dhe faktin se ka vetém luhatje
shumé té vogla té prurjes dhe té presionit né grykén e pusit pér njé periudhé té gjaté kohe, (aférsisht 30 vjegare)
parametrat fizike, si pérshkueshméria (k), pércueshméria hidraulike (k) dhe transmetueshméria (T ), u vlerésuan
me ekuacionet:

Q, = 27T,S

(1)

dhe

(12)
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K
dhe Q, =2mz Q

(12)

Pér rastin e burimeve gjeotermale té zonés Kruja éshté supozuar karakteri homogjen anizotrop
i kolektorit karbonatik me ¢arje lidhur me rrjedhjen e ujit.

NE kété rast éshté pércaktuar tenzori i pérshkueshmérisé, d.m.th. éshté pérllogaritur pérshkueshméria e
carshmérisé sipas dy drejtimeve, si edhe dendésia e tyre lineare:

— > b12'¢z (13)
¢ k ; >

$=3b-D, (14)
ku:

N - numri i sistemeve té carjeve

b, - gjerésia mesatare e sistemit té carjeve
,— poroziteti i sistemit t€ carjeve

D, - dendésia lineare e sistemit

Eshté vlerésuar fugia termale e mundshme pér instalim (Lund ]. W, 1996, Rybach L. et al. 2000):

Fugia termale =Prurja max.(kg/sek) x [temper.hyrje(O C)- temper.dalje(OC)}x 0.004184 ne MWt

energjia vjetore e pérdorur:

Energjia vjetore e perdorur =Prurja mes.(kg/sek)x[temper.hyrje("C)—temper.dalje(°C)]>< 0.03154 ne TJMvit

si edhe faktori i kapacitetit termik:

Energjia vjetore e perdorur(TJ/vit)
Fuqia termike e instaluar (MWt)

Faktori i kapacitetit termik = x0.03171
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Il. GIEOTERMIA E ALBANIDEVE

4. ENERGIJIA GIEOTERMALE NE SHQIPERI

Energjia gjeotermale &shté energji e rinovueshme, migésore me mjedisin, gé lidhet me:
- Fluksin e nxehtésisé sé Tokés

- Ujérat e nxehté gé burojné nga néntoka ose fontanojné nga puset.

4.1. Regjimi Gjeotermal i Albanideve

Gjendja gjeotermale e Albanideve kushtézohet nga shpérndarja e fushés sé temperaturave né
thellési té ndryshme, gradienti gjeotermal dhe dendésia e fluksit té nxehtésisé, né lidhje té ngushté
me litologjing, me tektonikén dhe hidrodinamikén e ujérave néntokésore.

4.1.1. Temperatura

Shpérndarja e fushés sé temperaturés né Atlas éshté béré pér thellésité (100, 500, 1000, 2000, dhe
3000)m (Fleta 7, 9, 10, 11, 12).

Sasia e nxehtésisé dhe temperatura né sipérfagen e Tokés, si edhe ndryshimi i temperaturés me
thellésiné né prerjen pranésipérfagésore dhe brezin e temperaturés konstante i pércaktojmé nga
pozicioni gjeografik, kushtet gjeomorfologjike, si pjerrésia e tokés dhe pozicioni i saj ndaj diellit,
pérbérja litologjike dhe nxehtésia specifike e mbulesés sé shkrifét dhe e shkémbinjve rrénjésoré nén
ta, lagéshtia e tyre, si edhe stina e moti. Sipas studimeve hidrometeorologjike shumeé vjecare rezulton
se gjaté stinés sé verés, zonat fushore dhe jugperéndimore marrin mesatarisht 140,000 kalori.cm
nga rrezatimi diellor, ndérsa né zonat verilindore, si né Peshkopi, sasia e nxehtésisé arrin 120,000
kalori.cm2. Né pjesén pranésipérfagésore, me rritjen e thellésisé zvogélohet temperatura. Kjo ulje
arrin deri né 9°C nga thellésia 5cm né 80cm [Gjoka L., 1990, Klima e Shqipérisé 1978].

NEé rajonin fushor té véndit, si né fushén e Tiranés (Rinas), né prerjen e depozitimeve kuaternare,
né brezin e temperaturés konstante, té paktén deri né thellésiné 31m, ku éshté kryer regjistrimi,
temperatura éshté rreth 15.5 °C (Fleta 8-a). Né kété rajon ky brez ruan té njéjtén temperaturé gjaté té
gjithé vitit. Ndryshime anésore té temperaturés, deri né masén 0.5°C, jané regjistruar edhe né largési
500m, né té njéjtén dité dhe oré. Kjo lidhet me ndryshimin e pérbérjes litologjike té depozitimeve té
shkrifta kuaternare. Né rajonet malore verilindore té Shqipérisé, éshté vrojtuar se brezi i temperaturés
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konstante vijon deri né thellésiné 50m, si¢ éshté rasti né prerjen e shkémbinjve vullkanogjené né
zonén e Fushé-Arrézit.

Né puse té ndryshme né zonat fushore dhe ato malore éshté vérejtur njé zvogélim i gradientit té
temperaturés né krahasim me vlerén normale né pjesén pranésipérfagésore té prerjes. Ky ndryshim
shpreh ndikimet e paleoklimés.

Né gjysmén e paré e shekullit t&é XX-té, pérgjithésisht éshté vrojtuar ngrohja e klimés, me rreth
1°C. Cereku i treté e kétij shekulli u karakterizua nga njé ftohje prej 0.6°C, dhe mé pas deri né ditét
tona éshté prezent ngrohja me rreth 1.2°C. Ndryshimi i klimés dhe prirja e ngrohjes kané histori té
temperaturés sé truallit (HTT) té ndryshme né rajonet malore dhe fushore té vendit, madje edhe
midis rajoneve fushore, né varési té shpyllézimeve dhe té gjendjes kénetore té trevés. Kjo ngrohje
éshté pjesé e ngrohjes globale gé po vrojtohet aktualisht né rruzullin e Tokés. Periudha e ngrohjes né
Shqgipéri éshté e shogéruar edhe me ndryshime té regjimit té reshjeve atmosferike, té lagéshtisé dhe
té shpejtésisé sé erés. Eshté pakésuar pér rreth (200-400)mm sasia vjetore e reshjeve. Kéto ndryshime
kané patur impakt né pyjet, né sistemin ujor té vendit dhe né regjimin hidrografik té detit Adriatik
[Frashéri A., 2001, Frashéri A. dhe Pano N. 2003, 2003]. Rritja e temperaturés ka filluar té€ ndikojé
edhe né pjesé té pyjeve té vendit né zonat bregdetare dhe né brendési té vendit. Né kéto kushte,
ndryshimet e llojeve bimore vihen re me shtimin e atyre llojeve gé kérkojné mé pak ujé dhe durojné
mé shumé thatésirén, si pérshembull shkurret gjethevogla, marina, murrizi, gjineshtra etj. né zonén
e Kucovés, té Ballshit etj. Né zona té tjera, si né Divjaké, instalohen drurét haloré [Hasko H. 2003]. Né
kuadrin e ngrohjes globale éshté e dukshme edhe prirja pér zvogélimin e sipérfageve té pyjeve.

Tabloja e fushés termale té Tokés né sipérfage, si edhe gradientet gjeotermale té vegjél né Albanide,
kané sjell qé né thellésiné 100m temperaturat té jené té uléta nga 16°C deri né 18.8°C né zonén Jonike
dhe né Ultésirén Pranadriatike (Fleta 7). Sektorét me temperaturé midis 18°C dhe 19°C ndodhen né
Kolonjé-Divjaké-Kryevidh, Vloré dhe Sarandé-Delviné.

Duke analizuar hartén e temperaturés né thellésiné 100m, vihen re disa vecori:

Sé pari, temperatura rritet drejt jugperéndimit dhe peréndimit, né ndryshim nga gradienti
gjeotermal, i cili rritet drejt lindjes.

Sé dyti, izotermat kané né pérgjithési pérvijézim sipas shtrirjes sé strukturave dhe té zonave
tektonike té Albanideve, me drejtim veriperéndim-juglindje. Bén pérjashtim nga kjo
ecuri, pérvijézimi i izotermave né zonén e Alpeve Shqiptare, ku ato kané drejtim pothuajse
paralel me térthoren Shkodér-Pejé.

Sé treti, izoterma me vleré té temperaturés 18°C, ashtu si edhe izogradientet, mbetet e hapur
drejt veriperéndimit né shelfin e detit Adriatik. Edhe izoterma 16°C mbetet € hapur né
kété drejtim.

Fusha gjeotermale né thellésiné e Albanideve té jashtme karakterizohet nga vlera relativisht té
uléta té temperaturés, sic éshté karakteristiké e baseneve sedimentare me trashési té madhe té
depozitimeve. Né thellésiné 500m, temperaturat rriten deri né (21-25.7)°C (Fleta 9). Né Ultésirén
Pranadriatike dhe né zonén Jonike temperatura arrin deri né 32.9°C né thellésiné 1000m (Fleta 10),
54°C né thellésiné 2000m (Fleta 11) dhe 71.8°C né thellésiné 3000m (Fleta 12).

MEé thellé, temperatura rritet gradualisht, derisa arrin 105.8°C né thellésiné 6000m, té& matur né
strukturén e Ardenicés (Fleta 25).
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Si¢ duket nga hartat e temperaturés sé paraqgitura né fletét 7, 9, 10, 11, 12, ecuria e izotermave,
me pérafrimin e paré, ruan drejtimin hapésinor té strukturave té Albanideve. Kéto izoterma mbeten
té hapura drejt veriperéndimit, né shelfin e detit Adriatik.

Né hartat e temperaturés vihet re gqé epigendrat e temperaturave mé té larta zhvendosen drejt
verilindjes.

Krahas ndryshimeve krahinore té temperaturés, ekzistojné edhe luhatje lokale anésore edhe né
largési 7-8km. Né Ultésirén Pranadriatike, né thellésiné 3000m jané fiksuar ndryshime té temperaturés
deri né (8-9)°C né té tilla largési. Ndryshimet mé té médha anésore té temperaturés pér nivelet, deri
né 500m, jané fiksuar né rajonet e zonés tektonike Mirdita, duke filluar nga Rehova deri né Tropojé.
Ky ndryshim i fundit shkaktohet kryesisht nga lévizjet e ujérave té ftohta néntokésore.

Shumeé interes paraqget fusha e temperaturés né ligenin e Ohrit. Né profilin verior me drejtim
lindje-peréndim né Piskopat, temperatura e matur né datén 4 shtator 1994, né thellési 10m ka gené
23.8°C dhe né drejtimin horizontal ndryshon né kufij té vegjél, deri né 0.5°C (Fleta 8-b). Temperatura
ndryshon, madje me gradient té madh, né drejtim vertikal deri né thell&siné 40 m. Mé thellé, praktikisht
ajo ruhet konstante, né vlerén (7-8)°C. Né profilin e Gurit té Kug, ku jané kryer sondime gjeotermale
vihet re se izotermat, me pérjashtim té ndonjé turbullimi té vogél, jané pothuajse horizontale dhe
paralele me njera-tjetrén (Fleta 8-c). Pérvijézimi i tyre nuk kushtézohet nga pjerrésia e fundit té ligenit.

4.1.2. Gradienti gjeotermal

Pérhapja e fushés sé gradientit gjeotermal té€ Albanideve né térési dhe e atyre té jashtme né
vecanti, éshté e kushtézuar plotésisht nga gjeologjia e zonave tektonike né plan krahinor dhe nga
situacioni litologo-strukturor lokal (Fleta 13).

Né hartén e gradientit gjeotermal dallohen garté disa rajone gjeotermale:

a) Baseni Sedimentar Shqiptar, i cili karakaterizohet me vleré mé té madhe té gradientit
gjeotermal. Késhtu, né pjesén argjilore té suités Helmési té pliocenit né gendrén e Ultésirés
Pranadriatike, gradienti arrin né 21.3mK-m* (Fleta 14-a, 14-b). Gradienti gjeotermal, mesatarisht, ka
madhési rreth 15mK-m-1. Izolinja me vlerén e gradientit 15mK-m* ka pérvijézim pothuajse té ngjashém
me kufirin e Ultésirés dhe mbetet e hapur né drejtim té veriperéndimit, drejt shelfit té detit Adriatik.
Ky gradient i vogél shpjegohet me trashésiné shumé té madhe, mbi 12000 m, té depozitimeve té
Basenit Sedimentar Shqiptar.

b) Brezi ofiolitik karakterizohet nga gradiente gjeotermale, gé luhaten né kufij té gjeré, nga (2 -
23.5)mk/m. Gradientet e vegjél shpjegohen me garkullimin intensiv té ujérave néntokésore, vecanerisht
né masivet ultrabazike, ¢ka vértetohet me temperaturat e uléta, né nivelin (7.0)°C deri né thellési
rreth 200m.

Duke analizuar né térési hartén e gradientit mesatar pér brezin ofiolitik, vihet re rritje e gradientit
drejt lindjes. Kjo rritje 8shté e madhe, vecanérisht, drejt verilindjes né rajonin e Kukésit dhe juglindjes,
né rajonin e Korgés. Gradienti mé i madh 23.5mK-m- éshté regjistruar né masivin ultrabazik té Kukésit
dhe Tropojés. Eshté e réndésishme té theksohet, se izolinja e gradientit me vieré 20mK-m* képutet né
sektorin e gjuhés flishore té Shén-Gjergjit, ashtu si edhe brezi ofiolitik, duke déshmuar me kété ndarjen
e kétij brezi, té shprehur edhe né pérhapjen e fushés sé gravitacionit dhe até magnetike. Vazhdimi
jugperéndimor i térthores Dibér-Elbasan-Vloré, shprehet edhe né pérvijézimin e izolinjave té gradientit
né zonén Jonike dhe né Ultésirén Pranadriatike.
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€) Zonat e gradienteve té vegjél, me madhési nga 5mKm- né zero ose madje negative, gé jané
Alpet shqiptare, rajoni Gjirokastrés dhe jug-lindja e Sarandés. Ndikim té fugishém né turbullimin e
pérhapjes sé fushés termike dhe né ecuriné e temperaturés me thellésing, ka lévizja intensive e ujérave
té ftohta sipérfagésore deri né thellésité e médha, (1000-2000)m, né prerjet gélgerore né strukturat gé
kané bérthama té zhveshura né sipérfagen e tokés ose gé shtrihen né thellési té vogél. Kjo dukuri
éshté fiksuar né strukturén e Kalcatit (Fleta 15-b), Erindit dhe Nokovés. Késhtu, ndodh edhe né
prerjet gélgerore té Alpeve Shqiptare, ku deri né thellésiné 500m, ku éshté regjistruar temperatura,
gradienti gjeotermal ka madhési pothuajse zero mK-m. Por, pér té dy kéta rajone vérehet se izolinjat
e gradienti gjeotermal né jug té zonés Jonike kané pérvijézim qé pérputhet me shtrirjen e brezave
strukturoré. Né& veri, né zonén e Alpeve dhe né até té Krasta-Cukalit izolinjat jané pothuajse paralele
me térthoren Shkodér-Pejé.

d) Rajoni Fushé - Krujé - Tirané - Elbasan - Gramsh, ku gradienti gjeotermal éshté relativisht i
vogél, i nivelit rreth 10mk/m, gé ka mundési té kushtézohet me praniné e diapireve kripore, gé
deformojné pérhapjen e fushés termike té Tokés. Né fletén 15-a tregohet profili gjeotermal i pusit né
zonén e Paprit, ku nén prerjen flishore té oligocenit shtrihen kripérat e diapirit t&8 Dumresé. Né
intervalin (1600-3000)m, pusi ka kaluar népér kripé, e cila ka pércjellshméri termike té larté, prandaj
edhe gradienti gjeotermal éshté mé i vogél, sesa né pjesén tjetér té prerjes.

Né pjesén veriore té zonés Kruja, gradienti gjeotermal éshté mé i vogél, ai ka madhési rreth
12.5mK-m. E kundérta ndodh né sektorin jugor ku gradienti rritet deri né 20mK-m=. Kjo rritje lidhet
me ndikimin e fluksit gjeotermal té rritur né jugun e brezit ofiolitik.

Gradienti gjeotermal kushtézohet nga tektonika dhe litologjia e prerjes gjeologjike té rajonit.

Vlera mé té larta té gradientit gjeotermal jané fiksuar né strukturat antiklinale molasike té katit
té sipérm strukturor, si né Divjakeé (Fleta 14-a, 14-b). Né vargjet antiklinale me bérthama gélgerore ku
ka garkullim té ujérave néntokésore, gradientet gjeotermale kané madhési mé té vogél né krahasim
me pjesén e prerjes flishoidale. Gradienti gjeotermal zvogélohet mesatarisht né masén (10-20)%, madje
edhe mé shumé, deri né 24%, si¢ éshté rasti i strukturés sé Ballshit, ku gradienti né thellésiné (700-
800)m karshi prerjes flishore té oligocenit ka vleré 13.5mK-m=. Né& prerjen gélgerore té jurasikut deri
né eocen, gradienti zvogélohet deri né 11.5mK-m™* (Fleta 14-c). Gradienti merr vlera té vogla, (7-
10)mK-m*, né brezat e thellé sinklinale té zonés Jonike dhe zonés Kruja.

Litologjia e prerjes gjeologjike kushtézon ecuriné anomale lokale té gradientit gjeotermal. Kjo
lidhet me faktin se shkémbinjté me pérbérje té ndryshme litologjike kané pércjellshméri termike té
ndryshme. Tipike pér kété dukuri éshté prerja Pliocenike e pusit Povelca-3 (Fleta 15-c). Si¢ duket nga
kjo figuré pjesa konglomeratiko-ranorike e suités Rrogozhina, ku ranorét zéné 65% té prerjes, ka
gradient gjeotermal mbi dy heré mé té vogél se prerja argjilore e suités Helmési.

Albanidet e jashtme kané gradient gjeotermal té ngjashém edhe me té Dinarideve, té cilat
gjithashtu, karakterizohen nga gradient relativisht i vogél, mesatarisht 15 mK-m [Ibrahimpasic. J
1983, Milivojevi¢ G. M. 1993, Ravik D. dhe Rajner D. 1993], dhe me té pjesés veriore té Helenideve, ku
gradienti gjeotermal éshté rreth 12 mK-m? [Fytikas M, Kolios N.P.], si edhe me shelfin shqiptar té
Adriatikut (18.4-19.7)mK-m* [Atlasi Gjeotermal i Europés 1992]. Pérputhje e miré konstatohet edhe
me té dhénat gjeotermale té Magedonisé [Georgievna M. 2003, Micevsky E. 2003].

Né madhésiné e gradientit gjeotermal ndikon edhe shfagja e trysnive té larta anomale. Duke
filluar nga zona kalimtare deri né thellésiné e shfagjes sé trysnive té larta anomale, ekzistojné anomali
termike lokale té garta. Temperatura rritet me hop né masén (5-10)°C (Fleta 15-d) [Hoxha Xh. 1984,
Lico R. etj., 1998].

29



ATLASI | BURIMEVE TE ENERGJISE GJIEOTERMALE NE SHQIPERI

Né pérhapjen e fushés termale ekzistojné ndikime anésore, té cilat jané t€ médha vecanérisht
kur né aférsi me pusin ku regjistrohet temperatura shtrihen struktura karbonatike ku garkullojné
ujéra néntokésore. Késhtu, né pusin e thellé Ardenica-18, deri né thellésiné 2500m, gradienti gjeotermal
mesatar ka madhési 15.4mK-m=. Nén nivelin 3000m gradienti zvogélohet deri né 13.1mK-m; kjo
ndodh sepse né lindje té kétij pusi, né té njejtén thellési shtrihet struktura karbonatike e Patos-Verbasit
(Fleta 25).

Modelimet gjeotermale kané treguar se né Albanidet e jashtme, vlerat e gradientit gjeotermal
(15-21.3)mK-m* ruhen deri né thellésiné 20km. Mé thellé, gradienti zvogélohet. Ky ndryshim i
madhésisé sé gradientit gjeotermal pérputhet me tavanin e bazamentit kristalik. Ndérsa né Albanidet
e brendshme gradienti gjeotermal zvogélohet mé thellé se 12000 m, me tavanin e evaporiteve triasike
(Fleta 4-a).

4.1.3. Dendésia e fluksit té nxehtésisé

Fusha e dendésisé sé fluksit té nxehtésisé, ashtu si edhe ajo e gradientit gjeotermal, paraget disa
karakteristika, gé lejojné té vecohen disa zona (Fleta 16).

Baseni Sedimentar Shqgiptar, né gendrén e Ultésirés Pranadriatike, dendésia e fluksit té nxehtésisé
éshté deri né 41.3mW/m?. Izoterma 30mW/m? mbetet e hapur drejt shelfit shqiptar té detit Adriatik,
ku dendésia e fluksit arrin deri né 35.7 dhe 38.2mW/m?, né largési 50km nga Durrési dhe 35km nga
Vlora, ku jané shpuar dy puse té thellé nafte e gazi. Né veriperéndim té Durrésit, né shpatin kontinental
té Adriatikut lokalizohet njé anomali e dendésisé sé fluksit té nxehtésisé me amplitudé 100mwW/m?
[Geothermal Atlas of Europe, 1992].

Né diapirin kripor t&¢ Dumresé dhe té Xarés né Sarandé, dendésia e fluksit té nxehtésisé ka,
pérkatésisht, madhési 37 mW/m? dhe 27 mW/m?2,

Brezi ofiolitik karakterizohet nga dendési mé e larté e fluksit té nxehtésisé, qé luhatet nga 40mw/
m? né Rehové té Korgés, 48.3mW/m? né Bulgizé dhe deri né 61.8mW/m? né Kecél té masivit ultrabazik
té Kukésit. Edhe né masivin ultrabazik té Tropojés, dendésia e fluksit arrin 47.2mW/m?2. Deri né
47mW/m? arrin dendésia e fluksit té nxehtésisé edhe né Mirditén Qendrore, né venburimin e bakrit
té Perlatit. Izotermat me vlera (35; 40; 45)mW/m? pérvijojné miré brezin ofiolitik. 1zotermat me vlera
45mW/m? né verilindje dhe me vleré 40mW/m? né juglindje mbeten té hapura né drejtim té vazhdimit
té brezit ofiolitik tej kufijve shtetérore té Republikés sé Shqipérisé. Vlerat mé té larta té dendésisé sé
fluksit té nxehtésisé né brezin ofiolitik, né krahasim me Albanidet e jashtme, shpjegohen me vendosjen
mé cekét té tavanit té bazamentit kristalin, ku shtrihen shkémbinj qé gjenerojné nxehtési si rrjedhojé
e zbérthimit té elementeve radioaktivé [Frashéri A. 2000].

Né brezin ofiolitik jané fiksuar disa vatra me vlera té larta té dendésisé sé fluksit té nxehtésisé.
Kéto anomali té fluksit té larté lidhen me transmetimin intensiv té nxehtésisé népér thyerjet e thella
térthore, dhe vecanérisht né nyjet e ndérprejes sé tyre me thyerjet e thella gjatésore. Kéto thyerje
kushtézojné edhe burimet e energjisé gjeotermale. Kjo tablo e pérhapjes sé fushés gjeotermale, ashtu
si edhe ato té fushés sé gravitacionit dhe magnetike, argumentojné ndértimin bllokor té€ bazamentit
kristalin né Albanidet. Thellésia e tavanit té kétyre bllogeve éshté mé e vogél né zonén tektonike
Mirdita.

Né Alpet Shqgiptare, dendésia e fluksit té nxehtésisé éshté shumé e vogél. Ajo ka madhési gé
arrijné deri né 10mw/m?, cka shpjegohet me thellésiné e madhe, (50-60)km, té kufirit MOHO, si edhe
me prerjen e trashé karbonatike, e cila gjeneron pak nxehtési, né mungesé té pérmbajtjes sé elementeve
radioaktive.
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4.2. Burimet ujore té energjisé gjeotermale

4.2.1. Burimet dhe puset gjeotermale

Shqipéria ka shumé burime té ujérave termale (Pasqyra 4, Fleta 17). Kéto burime njihen qysh né
lashtési. Né fshatin Bénjé té Pérmetit ka burime termale né shtratin e lumit té Langaricés, té
mirénjohura qysh né kohén e Perandorisé Romake, dhe veté fshati emrin e ka marré nga fjala “banjé”
(Fleta 23-b).

Burimet termale té Llixhave té Elbasanit, gjithashtu jané té njohura qysh né até kohé dhe né vitin
1932 atje éshté ndértuar njé gendér balneologjike moderne pér kohén “Hotel Park™, gqé funksionon
edhe né ditét tona me té njéjtén teknologji (Fleta 22-b, 28-a).

Né malin e Postenanit, né veri té Leskovikut, shfagen burime avulli. Edhe kéto burime jané
shfrytézuar nga banorét vendas pér té béré banja dhe pér t&€ mjekuar sémundje té ndryshme.

Edit’h Durham, né librin “The Burden of the Balkans”, botuar né vitin 1905, shkruan: “Pérgjaté
njé shkémbi, jo larg nga fshati, gjendet njé burim sulfidrik, ..... Burimi vlerésohet shumé pér mjekime té
reomatizmit...”.

Qé nga ajo kohé, burimet unikale té avullit né Shqipéri, mbetén jashté vémendjes sé specialistéve
dhe nuk jané pasgyruar né literaturén gjeologjike. Né verén e vitit 2003, Alfred Frashéri, Neki Frashéri
dhe Ilir Mati, vajtén né Postenan dhe kryen vrojtime e fotografime [N. Frashéri, I. Mati, 2003] (Fleta
24-a, 24-b). Pér kéto burime avulli ka shkrojtur edhe gjeografi Mecaj N. né librin e tij (2003). Jané té
mirénjohura burimet termale t€ Vromonerit né bregun e lumit Sarandaporo né Leskovik (Fleta 24-c)
dhe té Peshkopisé (Fleta 26-b).

Gjaté gjysmés sé dyteé té shekullit té kaluar ka fontanuar ujé i nxehté edhe nga disa puse té thellé
té shpuar pér kérkimin e naftés e té gazit (Pasqyra 5, Fleta 17).

Potenciali ujor néntokésor i Shqipérisé dallon nga kéto karakteristika kryesore:
- Volumi i pérgjithshém i potencialit ujor néntokésor éshté i barabarté me W, = 12.8km?®,
- Shtresa ujore e rrjedhjes néntokésore si mesatare pér té gjithé territorin arrin né Y =295mm.

- Moduli i rrjedhjes ujore néntokésore si mesatare pér té gjithé territorin ka madhési g, = 9,5 I/
sek.km?.

Potenciali ujor néntokésor pérbén 31% té potencialit té pérgjithshém ujor té Shqipérisé.

Rrjedhja ujore gjaté shpérndarjes sé saj gjeografike né territorin e vendit pérfagéson pérkatésisht
(10-60)% té rrjedhjes totale. Natyra e késaj shpérndarje pércaktohet kryesisht nga kushtet fiziko-
gjeografike té territorit dhe pérkatésisht nga sasité e rreshjeve atmosferike té réna, nga evotraspiracioni
si dhe nga struktura litologjike e territorit.

Deri sot, ujérat termale jané shfrytézuar vetém pér géllime kurative té sémundjeve té ndryshme.

Né Shqipéri, njihen vetém burime dhe puse té ujérave termale té entalpisé sé ulét, temperaturat
e disa prej tyre jané pothuajse né kufijté e sipérm té entalpisé sé ulét, duke arritur né 60°C né llixhat
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e Elbasanit dhe né pusin Ishmi-1/b, dhe 65.5°C, né pusin Kozani-8 (Fleta 21-a, 21-b). Prania e burimit
té avullit, duket se jané premisat gjeologjike gé té gjenden edhe burime gjeotermale té entalpisé sé
mesme, me temperaturé mbi 80°C.

4.2.2. Zonat gjeotermale

Burimet dhe puset e ujérave termale né Shqipéri jané té lokalizuar né tri zona gjeotermale (Fleta 17):
1. Zona Gjeotermale Kruja
2. Zona Gjeotermale Ardenica

3. Zona Gjeotermale Peshkopia

Tri zonat gjeotermale kané vecori gjeologjike dhe termo-hidrogjeologjike té ndryshme.

Pérveg kétyre, ka edhe burime té vecanta né zona té tjera si: né fshatin Kapaj né Mallakastér, né
Selenicé té Vlorés dhe né Krane né lindje té qytetit té Sarandés; por ujérat e kétyre burimeve kané
temperatura relativisht té uléta (Pasqyra 4).

KATALOGU I BURIMEVE TERMALE NE SHQIPERI

Pasqyra 4
Temp. Koordinatat Gjeografike Debiti
Nr Emri i burimit dhe rajonit °C lIsek
Gjeresi V Gjatesi L
1 Mamuras 1 dhe 2 21-22 41°35'24" 19°42'48" 1.7
2 Shupal 29.5 41°26'9" 19°55'24” <10
3 Llixha Elbasan 60 41°02' 20°04'20" 15
4 Hydrat, Elbasan 55 4101°20" 20°05"15" 18
5 Peshkopi 43.5 41°42'10" 20°27'15" 14
6 Ura e Katiut Langaricé, Permet 30 40°14'36" 20°26' >160
7 Vromoneri, Sarandoporo, Leskovik 26.7 40°5'54" 20°4018" >10
8 Finig, Sarande 34 39°52'54" 20°03 <10
9 Pérroi i Holtes, Gramsh 24 40°55'30" 20°09'24" >10
10 Postenan, Leskovik Burim avulli 40°10'24" 20°33'36"
1 Kapaj, Mallakastér 16.9-17.9 40°32'30" 19948'42" 12
12 Selenicg, Vloré 35.3 40°32'18" 19°39'30" <10

Zonat gjeotermale lidhen me tektonikén shképutése krahinore dhe me brezat sizmologjiké aktive
(Fleta 18, 19).

4.2.2.1. Zona Gjeotermale Kruja

Zona gjeotermale Kruja éshté njé zoné e madhe qé shtrihet né rreth 180km dhe ka njé gjerési (4-
5)km (Fleta 17, 20). Ajo fillon né bregdetin e Adriatikut, né veri té Kepit t€ Rodonit, vazhdon me
strukturat e Ishmit, té Kozanit né veri té Elbasanit, té Llixhave té Elbasanit, t€ Holtés, té Bénjés né
pérroin e Langaricés té Postenanit né Leskovik dhe té Sarandaporos né aférsi té kufirit shqiptaro-
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KATALOGU | PUSEVE TERMALE NE SHQIPERI

Pasqgyra 5
Nr. Pusi Temp. Koordinatat Dehiti
né °C Gjerési V Gjatési L I/sek

1 | Kozani 8 65.5 41°06' 20°01'6" 10.3
2 | Ishmil/b 60 41°29.2 19°40.4' 35
3 | Letan 50 41007'9" 20022'49" 5.5
4 | Galigati 2 45-50 40°57'6" 20°09'24" 0.9
5 | Bubullima5s 48-50 41°19'18" 19°40'36"

6 | Ardenica3 38 40°48'48" 19°35'36" 15-18
7 | Semanil 35 40°50' 19°26 5

8 | Semani3 67 400 46'12" 19022'24" 30
9 [ Ardenica 12 32 40°48'42" 19°35'42"

10 | Verbasi2 29.3 1-3

grek. Pértej kufirit, zona Kruja vazhdon mé né jug me burimet e Kavasilés né zonén e Konicés né
Greqi [Frashéri A. et., 2003, Fytikas M. D. etj. Taktikos S. 1993].

Zona Gjeotermale Kruja pérfagéson njé varg strukturash antiklinale, me bérthama karbonatike
té moshés sé kretakut - eocenit. Gelgerorét vazhdojné me flishin oligocenik. Prerja flishore ka trashési
deri né 5km. Né disa struktura né veri té zonés, si né até té Ishmit, drejtpérsédrejti mbi gélgerorét e
shplaré vendosen transgresivisht molasat e tortonianit. Né struktura té tjera, si né Kozan, mbi prerjen
flishore, transgresivisht shtrihen mergelet e burdigalianit.

Formacioni karbonatik pérfagésohet nga gélgeroré neritiké, gélgeroré dolomitiké dhe dolomite.
Gélgerorét jané me carje dhe mikrocarje té shumta dhe té karstézuar. Antiklinalet jané lineare, me
gjatési deri né (20-30)km. Ato jané asimetrike dhe krahét e tyre peréndimore jané té képutur nga
tektonika disjunktive. Ka edhe antiklinale té pérmbysur dhe té mbihedhur drejt peréndimit. Vargu i
strukturave me ujéra té nxehta pérfagéson, kryesisht, buzinén peréndimore té zonés tektonike Kruja.
Strukturat e buzés peréndimore té zonés Kruja vendosen mbi strukturat e zonés Jonike, népérmjet
tektonikés mbihipése krahinore (Fleta 4-a).

Tektonikat mbihipése krahinore té Albanideve, nga thellési té¢ médha, arrijné e zhvishen né
sipérfage. Disa prej tyre prekin té gjithé koren sedimentare. E tillé éshté edhe tektonika mé
peréndimore e zonés tektonike Kruja. Né plan krahinor, gélgerorét dhe flishi i zones Kruja zhyten
deri né thellési rreth 10km, ku ato vendosen mbi formacionin evaporitik triasik. Né kéto nivele,
temperatura arrin (120-150)°C (Fleta 4-a). Né kété brez, éshté e réndésishme edhe prania e tektonikés
gé lidhet me formacion evaporitik.

Temperaturat e akuiferit, té vlerésuara sipas pérbérjes kimike té ujérave termale té disa burimeve,
me anén e gjeotermometrave Fournier, Truesdell dhe Na+K+Ca jepen né pasqyrén 6.
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TEMPERATURA E AKUIFERIT E VLERESUAR SIPAS GJEOTERMOMETRAVE

(né gradé Celsius)
Pasqyra 6
Burimet ne Mamurras
Gjeotermometri Burimi “NOSI” Llixha Elbasan Burimi 1 Burimi 2
Fournier 254 214 220
Truesdell 235 184 191
Na+K+Ca 143 130 132

Kéto rezultate tregojné se uji vien nga thellési té médha, ku mjedisi ka temperaturé té larté, (150-
200)°C. Uji i nxehté ngjitet lart, kryesisht, népérmjet shkémbinjve té shkatérruar té zonave tektonike
dhe ngop carjet e kolektorit karbonatik né Ishém, po ashtu né Kozan, kur krijohet depresion né pus
pér pérvetésim dhe gjaté fontanimit, ose buron si né Llixhat e Elbasanit, né Holté, Bénjé, Postenan
dhe Sarandaporo.

Né Fletén 20 paragqiten karakteristikat gjeologo-gjeofizike pér strukturén dhe pusin Ishmi-1/b, e
cila éshté struktura gjeotermale mé veriore. Pusi Ishmi-1/b, ndodhet rreth 20km né veriperendim té
Tiranés (Fleta 21-a). Uji nga pusi del me temperaturé 60°C dhe ka mineralizim 19.3g/1. Uji termal
pérmban <1.2TU tritium (°H) dhe -6.73%_ SMOW té d'*O. Mungesa e tritiumit tregon se uji termal
éshté formuar mé tepér se shumé shekuj mé paré (Mebus A. Geys, 1996). Ai fontanon nga njé interval
me trashési prej 5m, né thellésiné (2200 — 2205)m. Sipas diagramés té rezistencés sé dukshme, ky
interval pérfagésohet nga gelgeroré me rezistencé elektrike specifike té vogél, qé tregon se ata jané té
shkatérruar nga dukurité tektonike dhe karstike. Sipas regjistrimit té temperaturés né pus, temperatura
éshté 42°C né thellésiné ku shtrihen gélgerorét. Ky ndryshim midis temperaturés sé ujit termal gé
fontanon né sipérfaqe dhe prerjes sé gélgeroréve né thellési, tregon se fontanon pérzierje uji nga
thellési dhe me temperaturé té ndryshme. Uji i nxehté rrjedh drejt sipérfages népér tektonikén
shképutése té krahut peréndimor té strukturés dhe népér carjet e gelgeroréve rrjedh né pus. Debiti i
kétij pusi, 3.51/sek, éshté i géndrueshém gjaté njé periudhé tridhjeté vjegare, qysh nga viti 1964, kur
uji i nxehté fontanoi pér heré té paré. Né Ishmi-1/b, fugia e mundshme pér tu instaluar éshté 644kW.

Njé pjesé e kétij uji, pérmes sipérfages sé shplaré té tortonianit dhe tektonikés, buron né Mamuras,
me temperaturé 21°C, i pérzieré edhe me ujéra meteorite. Mineralizimi i ujit éshté 5.4g/l, TDS 6.8 g/
1, dhe pérmban 330mg/1 H S dhe 0.18g/1 C O té liré (Avgustinskij V.L., 1957). Uji i burimit Nr. 2 pérmban
6.4TU tritium (°H), rrjedhimisht éshté formuar pas vitit 1963 [Mebus A. Geys, 1996].

Né grykeén e pusit Kozani-8, qé éshté njé ndér puset e shpuar né strukturén e Kozanit (Fleta 20,
21-b) uji ka temperaturé té larté (65.5°C). Pusi ndodhet né juglindje té Tiranés, rreth 35km. Aindodhet
vetem 8km né veriperendim té Elbasanit. Uji del nga njé horizont né thellésiné (1816-1837)m.
Temperatura e ujit éshté 80°C, kurse trysnia 191 atmosferé né tavanin e gélgeroréve né fund té pusit,
si dhe 12 atmosferé né grykén e tij. Mineralizimi i ujit 4.6g/1. Debiti éshté i géndrueshém, 10.31/sek.
Fugia e mundshme pér tu instaluar éshté 2070kW. Faktori i kapacitetit termik 1.93MWt. Sipas
diagramés sé rezistencés sé dukshme, né intervalin (1816-1837)m, shtrihen gélgeroré kompakté, me
rezistencé elektrike specifike té larté.

Né jug té pusit Kozani-8 dhe té qytetit té Elbasanit, né luginén e Shirjanit, ndodhen shtaté burimet
termale té mirénjohura té Llixhave té Elbasanit dhe té Hydratit (Fleta 22-a, 22-b). Uji i tyre ka
temperaturé dhe debite té larta, (55-60)°C dhe prurje té pérgjithshme pérkatésisht 15 dhe 18 1/sek,
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(Pasgyra 6). Uji i nxehté ka mineralizim té pérgjithshém 7.2 g/I, TDS 6.8 g/, H,S 410 mg/I dhe 180 mg/
ICO, té liré.
2

Uji i burimit Nosi ka formule [Avgustinskij V.L. 1957]:

CI 59 m;S
" N a46 Ca35

Pergj.
H2 .04

Ashtu si uji termal i pusit Ishmi-1, edhe uji termal i burimit Nosi pérmban <1.2 TU tritium (H)
dhe -7.66%_,  SMOW té d**O. Mungesa e tritiumit tregon se edhe ky ujé termal éshté formuar mé tepér
se shumé shekuj mé paré [Mebus A. Geys, 1996]. Té dy kéta ujéra kané origjiné té njéjté.

Ujérat termale té rajonit Elbasan-Tirané jané té tipit kloro-magnezial. Pérmbajné katione Ca-,
Mg-, Na* dhe K*, anione CI-, SO,-, HCO, etj., kané pH=6.7-8 dhe dendési 1.001 deri né 1.006g/cm?®.

Tablo e ngjashme gjeologjike éshté edhe né strukturén ku ndodhet pusi Galigati- 2, qé ndodhet
rreth 18km né juglindje té Elbasanit. Nga balli i gélgeroréve né thellési 2900m, ka fontanuar ujé me
temperaturé (45-50)°C. Né kéto thellési, temperatura e gélgeroréve éshté 46.4°C, qgé tregon se edhe
atje, uji vjen nga thellésité. Pusi Galigati-2 éshté i likuiduar. Mé né jug té pusit Galigati-2, ndodhen
burime termale né Pérroin e Holtés, ku temperatura éshté 24°C.

Né pjesén jugore té zonés gjeotermale Kruja ndodhen burimet termale té Urés sé Katiut, né
pérroin e Langaricés (Fleta 23-a, 23-b), burimet e avullit né malin e Postenanit né veri té Leskovikut
[Fleta 24-b, 24-c] dhe burimi i ujit né shpatin verior té lumit Sarandaporo né grykén e Vromonerit, né
jug té Leskovikut, prané kufirit shgiptaro-grek [Fleta 24-c]. Né vazhdim té kétij brezi, né Kavasila té
Greqisé, uji termal buron né shpatin e majté té lumit Sarandaporo.

Né Bénjé, ka teté burime me temperaturé nga 23 deri né 30°C dhe me prurje (8 deri >40)l/sek,
secili. Burimet gé ndodhen né anén e djathté té lumit kané temperaturé mé té ulét, (23-26)°C dhe
mineralizim 1.3g/l, ndérsa burimet gé burojné né shpatin e majté té lumit kané temperaturé meé té
larté, 30°C dhe mineralizim 1.65g/l. Mesatarisht, ujérat e Bénjés kané TDS 1.568 g/I, dhe nuk pérmbajné
ose pérmbajné shumé pak H,S (burimi Nr.5 pérmban 0.0042 g/l), CO, té liré (0.0384 g/I) dhe H,SiO,
(0.0163 g/l).

Uji ka fomulé (Avgustinskij V.L. 1957):

Cl (67-75)

M o)
(1.3-1.65) N A - C A

Uji i disa burimeve éshté i pijshém dhe me efekte kurative.

Avulli né malin e Postenanit del né njé carje tektonike, me temperaturé (47-54)°C, né varési té
vendit ku matet. Avulli kondenson né buléza uji. Analizat mungojné.

Né kodrat e shpatit té djathté té lumit Sarandaporo, né Gryklén e Vromonerit, uji termal buron
me temperaturé 27.6°C dhe me mineralizim té ulét, si uji i Bénjés. Ky ujé mineral éshté i pijshém dhe
me efekte kurative.

Ujérat vijné nga thellésia, népér tektonikén shképutése, pérkatésisht té antiklinalit me bérthamé
gélgerore eocenike té Langaricés, até té Leskovikut dhe antiklinalit té Kavasilés. Kéta antiklinalé
pérfagésojné pjesén mé té jashtme té zonés Kruja, né vargun antiklinal t¢ Tomorit. Antiklinali i
Kavasilés né territorin shqiptar ka vetém periklinalin verior, ku ndodhet edhe burimi i Sarandaporos.
Temperaturat e burimeve té trevés Pérmet-Konicé jané mé té uléta, sesa té burimeve té llixhave
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Elbasan-Ishém, né pjesén veriore té zonés Gjeotermale Kruja, pasi né jug té Shqipérisé bérthamat e
strukturave gélgerore jané prané sipérfages sé tokés ose madje té zhveshura. Népér gélgerorét
kavernozé dhe me carje qarkullojné ujérat e ftohta néntokésore, té cilat futen edhe né thellési té
médha, si¢ tregohet pér pusin Kalcat (Fleta 14-d). Kéto ujéra ftohin ujérat termale dhe zvogélojné
kripshmériné e tyre. Kjo hipotezé mbéshtetet edhe nga prania e burimeve té avullit né antiklinalin e
Leskovikut, né malin e Postenanit.

4.2.2.2. Zona Gjeotermale Ardenica

Zona Gjeotermale Ardenica ndodhet né rajonin e Myzegesé, né lindje, veri dhe peréndim té
gytetit té Fierit (Fleta 17, 25). Ajo shtrihet né skajin jugperéndimor té térthores Vloré-Elbasan-Dibér.
Né kété zoné bén pjesé struktura molasike neogjenike brakiantiklinale e Ardenicés, antiklinali i
Semanit, periklinali verior i strukturés karbonatike té Patos-Verbasit dhe mbi té molasat neogjenike,
né sektorin e Verbasit t¢ monoklinalit té Patosit.

Rezervuaret gjeotermale jané kolektoré ujéembajtés qé i pérkasin formacionit molasik neogjenik.
Ata pérfagésohen nga njé seri shtresash ranore té moshés sé serravalian-tortonian-mesinianit, té
cilat ndahen nga shtresa argjilash e alevrolitesh. Né pusin Bubullima-5, uji vjen né sipérfage nga
gélgerorét e strukturés sé Patos-Verbasit. Né brakiantiklinalin e Ardenicés kané fontanuar ujé té
nxehté puset e thellé; Ardenica-3 dhe Ardenica-12; né antiklinalin e Semanit kané fontanuar puset
Semani-1 dhe Seman-3 dhe pusi Verbas-2 né monoklinalin e Patosit. Kéto struktura jané té prekura
nga tektonika shképutése.

Né strukturén e Ardenicés, prerja ranorike ka trashési nga (445-1165)m dhe pérhapet né té gjithé
strukturén. Trashésia e prerjes ujémbajtése éshté rreth 900m, e cila né pusin Ardenica-12 fillon nga
1095 deri né 1955m. Shtresat e ranoréve ujémbajtés kané trashési nga disa deri né (15-20)m. Vetém
nga thellésia (1870-1950)m, trashésia e pérgjithshme e shtresave ranore arrin 55m. Nga gryka e kétij
pusi ka fontanuar ujé i nxehté me temperaturé 32°C. Uji ka ardhur nga dy shtresa: e sipérmja me
trashési 7m me tavan né thellésiné 1935 dhe e poshtmja me trashési 5m me tavan né thellésiné 1951m.

Uji termal éshté i tipit kloro-kalcium dhe ka formulé:

Clgg

> Nags

Uji i fontanuar nga pusi Ard-3 pérmban 21.2mg/l jodium, 110mg/l bromium dhe 71mg/I acid
borik. Uji nuk pérmban H_S. Temperatura e tij éshté 45.8°C né thellésiné 1940m té strukturés sé
Ardenicés, ku ndodhet shtresa e sipérme ujémbajtése e pusit Ardenica 12 (Fleta 25). Por, né sipérfage
uji ka fontanuar me temperaturé 32°C. Duke ditur se uji ftohet me njé gradient rreth (1-1.4)°C/100m,
gjaté ngjitjes sé tij pér né grykén e pusit, rezulton se uji né shtresé duhet té keté patur temperaturé
rreth 59)°C.

Pusi Semani-1 ka dhéné ujé me temperaturé 35°C nga shtresa ranore ujémbajtése, me trashési
10m dhe 5m, né thellésingé (2052-2075)m. Né& kéto thellési, temperatura e strukturés éshté rreth 48°C.
Duke patur parasysh ftohjen gjaté fontanimit, ujérat kané aférsisht temperaturén 63°C né shtresé.

Pusi Semani-3 ka fontanuar ujé me temperaturé 38°C né gryké, me prurje 7l/sek dhe trysni
457atm. nga intervali (2698-2704)m; ndérsa nga thellésia 3758m ka fontanuar ujé me temperaturé
67°C, prurje 30l/sek, trysni té shtresés 770atm. dhe trysni 200atm né tubing. Duke patur parasysh
ftohjen e ujit gjaté fontanimit, ujérat kané aférsisht temperaturén 100°C né shtresén e poshtme.
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Kéta puse, té ndodhur, né zonén e térthores krahinore Vloré - Elbasan-Dibér, kané ndikimin e
ujit té nxehté gé garkullon nga thellésité e médha. Kjo, si edhe temperaturat mé té larta né tavanin e
zonés me trysni mbinormale, lejojné gé té prognozohet ekzistenca edhe e shtresave té tjera ujembajtése
né Ultésirén Pranadriatike, né té cilat ujérat kané temperatura mé té larta.

4.2.2.3. Zona Gjeotermale Peshkopia

Zona Gjeotermale Peshkopia ndodhet né verilindje té Shqipérisé, né zonén hidrogjeologjike té
Korabit. Dy kilometra né lindje té gytetit té Peshkopisé, né pérroin e Banjés ndodhen katér burime
prané njéri-tjetrit (Fleta 17, 26-a, b) [Collaku A. etj. 1992]. Kéto burime lidhen me tektoniken e diapirit
gjipsor triasik, i cili rrethohet nga njé unazé e flisheve té eocenit té sipérm-oligocenit té poshtém.
Burimet lidhen me brezin tektonik sizmoaktiv Ligeni i Ohrit-Dibér. Me kété brez tektonik lidhen
edhe burimet termale té Banjishtes dhe té Kosovrastit né veriperéndim té Dibrés né Magedoni [Frashéri
A dhe Pano N. 2003, Micevsky E. 2003].

Disa prej burimeve né Peshkopi japin ujé té nxehté me temperaturé 43.5°C, ujrérat e burimeve té
tjeréve jané mé té ftohté, deri né 12°C. Burimet kané prurje t&¢ madhe; midis tyre, ai gé ka temperaturén
e larté ka prurje 14 I/sec. Ujérat termale burojné aty ku gjipset zhyten nén nivelin e zonés sé garkullimit
té liré té ujit, duke gené té lidhur me zonén e garkullimit té ulét, kudo nén presionin e ujit. Kur
gjipset zhyten nén nivelin e zonés sé qarkullimit té liré té ujit, vérehet prania e H,S.

Mineralizimi i pérgjithshém i ujit té burimit me temperaturé 43.5 °C éshté 4.3677 g/l, TDS 4.05 g/l,
pérmban 495 mg/l H,S, 540 mg/l CO, té liré dhe ka formulé [Avgustinskij V.L. 1957]:
O

HoSo0sMaa
2%0.0495 44Ca65

Ai pérmban katione Ca, Mg, Na dhe K, anione Cl, SO,, HCO, dhe sasi shumé té vogla F, Br,
HCO, etj. Uji i burimit té dyté pérmban shumé pak H_S, 32 mg/l. Pér ujin e burimit me temperaturé
43.5°C, sipas gjeotermometrave té Fournier, Truesdell dhe Na+K+Cl, temperatura e pérllogaritur e
akuiferit éshté 220°C, 270°C dhe 144°C. Mbéshtetur né madhésiné e gradientit gjeotermal té rajonit,
mund té pranohet gé ujérat termale vijné nga thellésia (8-12)km, ku temperatura arrin deri né 220°C.
Por, duke supozuar se diapiri evaporitik ka trashési (3-4)km dhe shkémbinjté halogjené jané pércjellés
té miré té nxehtésisé, dendésia e fluksit té nxehtésisé duhet té jeté mé e madhe né thellési mé té
vogla. Né kéto kushte, mund té supozohet gé ujérat mund té nxehen edhe né thellési mé té vogla.

4.2.3. Rezervat e burimeve té energjisé gjeotermale

Zonat Gjeotermale té Shqipérisé pérfaqésojné territore té gjera, me rezerva té médha té energjisé
gjeotermale. Kété e vértetojné burimet e shumta termale dhe puset e thellé té naftés gé fontanojné ujé
té nxehté, si dhe rezervat gjeotermale té llogaritura.

4.2.3.1. Zona Gjeotermale Kruja

Struktura mé veriore e zonés gjeotermale Kruja, antiklinali i Ishmit, ka prerje karbonatike qé
karakterizohet nga njé rezistencé elektrike specifike e dukshme e vogél, gé luhatet né kufijté 50 deri
20 Omm (Fleta 20). Kjo tregon pér veti té mira kolektore, si dhe pér ngopjen e kolektorit me ujé té
mineralizuar. Né kété prerje ndérthuren gélgerorét kompakté me ato gé jané kolektore. Kéto
ndérshtresa kané trashési 5-10m. Poroziteti efektiv i tyre ka madhési 5.8-7.10 dhe pérshkueshméri
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(0.05-3.5)mDarsi. Gélgerorét kané pércjellshméri hidraulike 8.6.10%° deri né 8.5.10®m/s, si dhe
transmetueshméri 8.6.107 deri né 8.5.10-°°*m?s. Sipas té dhénave sizmike, struktura e Ishmit ka gjerési
rreth 4 km, sipas izobatit 3600m. Rreth késaj madhésie jané edhe gjerésité e strukturés sé Kozanit dhe
té Galigatit. Pér kété arsye, gjerésia 4 km éshté pranuar pér té karakterizuar rezervuarin né rajonin
Tirané-Elbasan. Kjo madhési éshté pranuar edhe pér ekstrapolinim e gjerésisé sé rezervuarit drejt
jugut, deri né kufirin shqgiptaro-grek. Pusi Ishmi-1/b ka pérshkuar njé prerje karbonatike me trashési
1016m. Té dhénat sizmike dhe ato gjeologjike krahinore tregojné se gelgéroret shtrihen né thellési té
médha. Sipas rénies ata vazhdojne rreth 15km. Pér siguri té llogaritjes sé burimeve té energjisé
gjeotermale, trashésia e rezervuarit éshté marré 2000m. Kufiri peréndimor i rezervuarit éshté
pércaktuar sipas tektonikés shképutése té buzés peréndimore té zonés tektonike Kruja. Kufiri lindor,
né plan horizontal éshté hequr 4km né lindje té kufirit peréndimor.

Si¢ u tregua mé lart, temperatura e ujit né sipérfage né rajonin Tirané-Elbasan, luhatet nga 60°C
deri né 65.5°C. Temperatura e ujit né trungun e pusit Kozan-8, né thellésiné e tavanit té rezervuarit
ujémbajtés éshté matur 80°C. Sipas termogramave né puset Ishmi-1/b dhe Galigati-2, té kryer para
fontanimit té ujit, temperatura e prerjes karbonatike ka qéné, pérkatésisht, 42.2°C dhe 52.8°C né
fundet e puseve. Kjo diferencé e temperaturave té ujit dhe e gélgeroréve tregon se né kolektorin e
rezervuarit ka njé pérzierje ujérash, me temperaturén pérkatése té thellésisé ku ndodhet rezervuari
me ujin termal gé vjen nga thellési té¢ médha. Heterogjeniteti i prerjes kolektore bén gé uji i nxehté té
garkullojé népér té carat. Prandaj né prerje ekzistojné intervale me temperaturé mé té madhe ose mé
té vogél, se sa u tregua mé lart.

Burimet e Llixhave té Elbasanit dhe puset Ishmi-1/b e Kozani-8 kané prurje konstante pér periudha
té gjata, nga 3.5 deri né 15 I/sec respektivisht mbi 50 vjet, 32 vjet dhe 10 vjet (Pasqyra 7). E stabilizuar
éshte edhe temperatura e ujit. Kéto fakte déshmojné pér regjim termo-hidrodinamik té géndrueshém
té rezervuarit.

Pérllogaritjet e rezervave té energjisé gjeotermale pér zonén Tirané-Elbasan treguan se nxehtésia
né vend ka madhési (5.87.10°-5.08.10%°)GJ, resurset e energjisé gjeotermale (5.87.108-5.08.10°)GJ, ndérsa
rezervat specifike jané (38.5-39.63)GJ/m? Kjo éshté edhe pjesa mé e pasur me rezerva gjeotermale té
njohura deri tani e zonés gjeotermale Kruja.

Llixhat né Elbasan kané fuginé e mundshme pér t’u instaluar 2760 kW, mé té madhe se burimet
e tjeré. Pusi gjeotermal Kozani-8 ka fugi t¢ mundshme pér tu instaluar 2070kW dhe faktor kapacitiv
1.93MWt. Pusi Ishmi-1/b, ka fugi t& mundshme pér t’u instaluar 644kW.

Né sektorin e Galigatit, rezervat specifike jané mé té vogla, 0.63GJ/m? ndérsa resurset e energjisé
gjeotermale 6.5.10%GJ.

Megenése pér zonén nga Galigati deri né kufirin shqiptaro-grek, né juglindje té Shqipérisé, nuk
ka studime sizmike dhe puse té shpuar né fushén gjeotermale, rezervat specifike té energjisé
gjeotermale té Galigatit jané ekstrapoluar pér gjithé kété zong, deri né Sarandaporo.

Né Zonén Gjeotermale Kruja, mbéshtetur né géndrueshmériné dhjetéravjecare té prurjeve té
burimeve, mund té pritet gé puset Ishmi dhe Kozani, me remont dhe me pajisjen e tyre té pérshtatshme,
té fontanojné ujé me prurje dhe temperatura mé té larta. Kolektori heterogjen i rezervuarit, si edhe
regjimi termo-hidrodinamik i géndrueshém, lejon té prognozohet, gé né zonén gjeotermale Kruja,
mund té gjenden burime té reja me rezerva gjeotermale mé té médha. Pér kété duhet té kryhen
kérkime hidrogjeologjike e gjeofizike té detajuara. Né Llixhat e Elbasanit duhet té shpohen puse, gé
uji té kaptohet né thellési mé té médha, ku temperatura éshté mé e larté.
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4.2.3.2. Zona Gjeotermale Ardenica

Né zonén gjeotermale Ardenica, ranorét e akuiferit gjeotermal jané masive deri né shtresé hollé
(Fleta 25). Granulometria e tyre éshté me kokrriza té iméta, mesatare deri né té trasha. Ata kané
porozitet efektiv rreth 0.155 dhe pérshkueshmeéri té rendit 283mDarsi. Pércueshméria hidraulike
éshté 4.98m.sek* dhe transmetueshméria 8.9. 10-5m?sec. Kéto veti té mira té kolektorit té rezervuarit
kané cuar né prurje t€ médha , nga (5-18) I/sek.

Rezervuari i Ardenicés ka nxehtési né vend 8.19-10% GJ dhe resurse té energjisé gjeotermale
8.19:10° GJ. Rezervat e provuara jané 1.30-10° GJ dhe rezervat specifike mé té vogla se 0.39-GJ/m?
Sektorét midis strukturave antiklinale jané vlerésuar me rezerva specifike mé té vogla se 0.39GJ/m?
Té gjitha puset e treguar mé lart, tashmé jané té likuiduar. Zona Gjeotermale Ardenica, aktualisht
éshté vetém njé zoné gjeotermale potenciale. Pér té shfrytézuar energjiné gjeotermale duhet béré
remonti i puseve gé kané fontanuar ujé té nxehté, nése éshté teknikisht e mundshme. Krahas késaj, té
vlerésohen puse té tjeré qé jané né gjendje teknike té& miré pér marrjen e ujérave termale, pa pérjashtuar
mundésiné e shpimit té puseve té thellé té rinj, pér kushte ekonomike té leverdishme.

4.2.3.3. Zona Gjeotermale Peshkopia

Temperatura e ujit, prurja e madhe, géndrueshméria e kétyre dy parametrave, si dhe temperatura
e akuiferit té zonés gjeotermale té Peshkopisé jané té ngjashme me ato té Zonés Gjeotermale Kruja.
Pér kéto arsye resurset e energjisé gjeotermale pér zonén Peshkopia vlerésohen si ato té zonés Tirané-
Elbasan. Burimet termale té Peshkopisé kané fugi té¢ mundshme pér tu instaluar té barabarté me 1610
kW.

* * *

Pér katér burimet mé té médha: Llixhat e Elbasanit, té Peshkopisé, té pusit Kozani-8 dhe Ishmi-
1/b rezulton se prurja e pérgjithshme e ujit termal éshté 44.8l/sek. Kapaciteti i energjisé gjeotermale
6.64MWt dhe fugia e mundshme pér tu instaluar 7084kW. Por, aktualisht, fluksi i ujit gjeotermal gé
pérdoret éshté vetém 10.0 I/sek, pérdorimi i energjisé 49.12TJ/vit dhe faktori kapacitiv 0.38MW1.

Kéto shifra tregojné jo vetém pér shfrytézim shumé té vogél té energjisé gjeotermale, por edhe
pér pérdorim joefektiv. Uji i pusit Kozani-8 me temperaturé 65.5°C, prurje 10.3 I/sek, derdhet né
pérrua pér shumé vite. Pér rendiment 60%, energjia e humbur vierésohet né 253 milioné kWh, aférsisht
20 milioné USD.
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5. DREJTIMET E SHFRYTEZIMI KOMPLEKS
DHE KASKADE TE ENERGIISE
GJEOTERMALE NE SHQIPERI

Shqipéria pérfagéson njé vend me potencial real té energjisé gjeotermale té entalpisé sé ulét, qé
mund té shfrytézohet pér géllime ekonomike. Shfrytézimi i ujérave termale té burimeve ose té puseve
lehtésohet nga fakti se ato pérgjithésisht ndodhen né zona té zhvilluara nga ana urbane [Frashéri A.
dhe Bakalli F. 1995, 1996, 1997, 1998, Frashéri A. 1998, 1999, 2000, 2001, 2002, Frashéri A etj. 2003]

Situata gjeotermale né Shqipéri ofron tre drejtime té shfrytézimit té energjisé gjeotermale, gé
aktualisht jané pothuajse té pa lévruara.

5.1. Ngrohja e godinave publike dhe shtépive té banimit me anén e
nxehtésisé sé shtresave pranésipérfagésore té tokés

Réndom, kur béhet fjalé pér energjiné gjeotermale, njerézit mendojné vetém ujérat e ngrohta té
burimeve. Kjo éshté njé pjesé e té vértetés. Por, kéto ujéra jané zakonisht té rralla dhe té pakta. Ajo gé
gjendet kudo dhe me sasi té médha éshté nxehtésia e shtresave té tokés. Prandaj edhe drejtimi kryesor
i pérdorimit té energjisé gjeotermale éshté shfrytézimi i nxehtésisé sé shtresave pranésipérfagésore
té Tokés pér té ngrohur dhe freskuar banesat private dhe godinat publike, duke pérdorur sistemet
moderne kémbyes nxehtésie-pus-pompé gjeotermale nxehtésie (Fleta 27-a).

Nxehtésia nxirret me njé kémbyes vertikal té nxehtésisé, i cili futet né njé pus té cekét (100-
150)m té thell&). Ky kémbyes éshté i ndértuar nga njé tub né formé U-je, ose nga dy tuba bashkéksial.
Uji i pompuar ngrohet duke u futur né thellési dhe rikthehet né sipérfagen e tokés me temperaturé
mé té larté. Pér godina shumé té médha nevojitet sistem pusesh.

Sot né boté ka mbi 570000 instalime té tilla pér ngrohjen e shtépive private té€ banimit por edhe
godinave me sipérfage deri né 160000 m?, duke kursyer deri né tre heré energjiné.

Né Svicér ka mbi 21000 instalime té tilla, nga té cilat prodhohen 365 milion kilovat-oré né vit.

Sistemet Kémbyes Nxehtésie-Pus (KNP)-Pompé Gjeotermale Nxehtésie (PGjN) pér ngrohjen e
banesave jané sistemet mé moderne, me teknologji mé té pérparuar, migésore me mjedisin dhe po
béhen gjithénjé e mé shumé popullore.

Né shumé vende té Komunitetit Europian béhen pérpjekje té médha pér té reduktuar pérdorimin
e karburantit pér ngrohje dhe pér té kursyer energjiné elektrike. Burimet vendore té energjisé, sic
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éshté nxehtésia e shtresave pranésipérfagésore jané vecanérisht né fokus, edhe pér pérparésité e tyre
pér mbrojtjen e mjedisit, qé lidhen me efektin seré [Chuanshan D etj. 1995, Clauser Ch. 1997, Hofman
F etj. 1993, Lund J.W. 1996, Rybach L etj. 2000].

Kriza energjetike e vendit, po shogérohet edhe me kérkesén gjithnjé e né rritje té sasisé sé energjisé
pér ngrohjen dhe freskimin e banesave, ¢cka e bén edhe mé aktuale pérdorimin e energjisé gjeotermale
(Fleta 27-b).

Ashtu si kudo, edhe né Shqipéri, shtresat pranésipérfagesore té Tokés kané nxehtési. Temperatura
e kétyre shtresave pércaktohet nga dendésia e fluksit termik, relievi i zonés, pozicioni gjeografik i
saj, pérbérja litologjike e depozitimeve té shkrifta dhe shtresave té shkémbinjve rrénjésoré né kéto
thellési, si edhe nga kushtet klimatike.

Nga té dhénat e hartés sé temperaturés né thellésiné 100m pér té gjithe territorin shqiptar (Fleta 7) rezulton
se temperatura né kéto thellési luhatet prej 6.7 deri né 18.8°C né krahinat e ndryshme té vendit (Pasqyra 7):

TEMPERATURA NE THELLESINE 100m SIPAS KRAHINAVE TE SHQIPERISE

Pasqyra 7
Krahina Temperatura Temperatura maksimale, né Temperatura
minimale, né °C °C mesatare, né °C
Bregdetare 16.60 18.80 17.80
Fushore peréndimore 17.15 18.41 18.0
Kodrinore- malore 6.70 18.60 14.75

Shtresat qé shtrihen né thellésité nga (0-8-10)m kané temperaturé qé kushtézohet nga fluksi i
nxehtésisé sé rrezatimit diellor. Né dimér, temperatura e tyre éshté mé e vogél sesa né periudhen e
verés. Nén kéto thellési, temperaturat e shtresave nuk varen mé nga rrezatimi diellor. Por jo kudo
jané kéto limite té thellésisé sé ndikimit té rrezatimit diellor. Né varési té litologjisé sé shtresave dhe
té klimés, thellésia e ndikimit té rrezatimit diellor éshté e ndryshme.

Né fleten 8-a paragitet termograma e njé pusi né Rinas-Tirané, ku duket se gjaté verés ndikimi i
rrezatimit diellor arrin deri né 20m. Nén kété thellési, temperatura mbetet e pandryshuar né stiné té
ndryshme.

Nga analiza e mésipérme rezulton se gjendja e regjimit gjeotermal té prerjes pranésipérfagésore
éshté e niveleve té tilla gé lejon té shfrytézohet nxehtésia e tyre pér té ngrohur ose freskuar zyra,
spitale, biblioteka, shkolla, teatro e kinema, godina aeroporti, si edhe blloge banesash e vila pér
banim duke pérdorur sistemet moderne kémbyes nxehtésie pus-pompé gjeotermale nxehtésie
[Frashéri A. etj., 2003].

Nxehtésia e kétyre shtresave ka shkaktuar edhe ngrohjen e ujérave té truallit né rezervuarin
néntokésor. Né pasqgyrén 8 (fage 84), paragiten té dhéna pér puse né qytetin e Tiranés. Krahas
temperaturés tregohen edhe karakteristika té tjera, si litologjia e rezervuarit ujgmbajtés, debiti, thellésia
e vendosjes se pompés, lartésia e ngritjes sé ujit dhe fuqgia e elektropompés zhytése t€ montuar né
puset. Nga té dhénat e késaj pasqyre duket sé uji i pellgut té ujérave néntokésore té qytetit té Tiranés,
pasi éshté i ngrohur nga nxehtésia shtresave té tokés, mund té shérbejé si burim pér pompat
gjeotermale té nxehtésisé. Nga ky basen mund té merren sasi uji t& duhura pér té realizuar furnizimin
me ujé té pompés gjeotermale té nxehtésisé né shumé lagje té qytetit.
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Furnizimi me ujé i pompés gjeotermale té nxehtésisé realizohet népérmjet njé pusi té cekét (100-
150m té thell&) té shpuar pér kété géllim né oborrin e godinés. Pér godina shumé té médha nevojitet
sistem pusesh. Né ményré gé elektropompa zhytése té punojé normalisht duhet té zhytet mé thellé
se 1.5m nén nivelin dinamik té ujit né pus. Sa mé thellé té zhytet pompa aq mé pak probleme do té
keté gjaté shfrytézimit dhe uji do té jeté me temperaturé mé konstante. Uji i nxjerré nga elektropompa
zhytése, népérmjet linjés sé ushqgimit dérgohet né impiantin e pompés gjeotermale té& nxehtésisé.
Mbas daljes sé ujit nga pompa e nxehtésisé, ai injektohet né shtesén ujémbajtése népérmjet njé pusi
tjetér. Me kété injektim stabilizohet ekuilibri né shtresén ujémbajtése, si edhe niveli statik dhe ai
dinamik i ujit né pusin e marrjes.

Sistemi KN-P-PGjN ka marré zhvillim té€ madh né vendet e pérparuara, pér ngrohjen dhe
freskimin e godinave megjithése ka kosto ndértimi (30-40)% mé té larté se sa kostua e sistemeve
ngrohése konvencionale, me kaldajé nafte.

Ka disa arsye pér kété:

1. Konsiderata ekonomike. Kostua vijetore e “karburantit” té sistemit KN-P-PGjN (energjia
elektrike pér pompén e nxehtésisé dhe pompén e garkullimit) éshté né ményré té
konsiderueshme mé té ulét se karburanti i njé ngrohési konvencional me nafté ose gaz. Pér
koeficient performance KSP = 3, kursehet deri né 66% e energjisé elektrike. Késhtu, koha e
kthimit té shpenzimeve té KNP éshté mé e shkurtér se koha e punés sé veté sistemit ngrohés.

2. Konsiderata mjedisore. KNP-pompé nxehtésie éshté njé sistem mjedisor i pastér gé nuk emeton
gaze CO,, gé shkaktojné “efektin seré”, késhtu gé do té evitohet pér pronarin e shtépisé pagesa
e taksés pér emisionin e gazeve CO,, e cila éshté né diskutim né vendet e Komunitetit Europian.

3. Mbéshtetje geveritare. Pér instalimin e sistemit KN-P-PGjN, geverité e vendeve te ndryshme
japin investime pér ¢cdo kWe té pompés gjeotermale té nxehtésisé.

5.2. Pérdorimi kompleks dhe kaskadé i energjisé sé ujérave
gjeotermale

Pérdorimi klasik i ujérave termale né té kaluarén ka gené i kufizuar. Ato shfrytézohen vetém pér
kurimin e sémundjeve té ndryshme né gendra balneologjike, té ashtuquajturat “llixha” (Fleta 28, 29).

Por, né cerek shekullin e fundit u bé njé ndryshim né koncept. Sot, ujérat termale konsiderohen
se jané té dobishme pér tu pérdorur gjerésisht pér ripértritjen e shéndetit té njerézve té shéndetshém
dhe pér défrimin e tyre, gé jané edhe shumica e popullsisg, krahas klinikave pér kurimin e sémundjeve.
Prandaj ndértohen edhe hotele, madje organizohen fshatra turistike, me pishina dhe banja me ujé té
ngrohté, [Arpasi S dhe Szabo G. 1999, Bojadgieva K etj., 1999, Kowski W. 2000, Krajl P. 1999, Fumadzieva
S. etj., 1999]. Né gendrat gjeotermale té Italisé, béhen rreth njé milion dité vizita né vit nga turistét.

Zona gjeotermale Ishém-Elbasan ndodhet prané aeroportit “Néné Tereza” té Tiranés, gytetit
historik té Krujés dhe plazheve té Adriatikut, ligenit té Ohrit, perlés sé Ballkanit dhe gendrés klimatike
malore né pyjet e famshém té Gjinarit né jug-lindje té Elbasanit. Burimet e Llixhave té Elbasanit, pusi
gjeotermal Kozani-8, gé ndodhet prané manastirit Shén Gjon Vladimirit né Shijon té Elbasanit, dhe
pusi Ishmi-1/b kané mundési pér zhvillim me teknologji moderne, duke u kthyer né gendra turistike
rigjenerimi dhe pushimi, krahas veprimtarisé mjekésore kurative. Burimet e Urés sé Katiut né Bénjé
té Pérmetit, burimi i avullit né Postenan dhe burimi i Sarandaporos, krahas veprimtarisé mjekésore,
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kané gjithashtu mundési té€ médha pér t’'u kthyer né gendra turistike shumé térheqése, né kushtet
edhe té natyrés jashtézakonisht té bukur té trevés dhe té popullit mikprités, né fshatrat gé mund té
kthehen né pritése té turistave. Fshatrat Bénja né Pérmet, Postenani né Leksovik, Shijoni né Elbasan
etj. prané burimeve e puseve termale, mund té kthehen né fshatra turistike shumé té bukur. Qendra
Balneologjike e Peshkopisé, me vlerat e saj té mira kurative, me ndértimin si dhe me pishinén me ujé
termal, e ndodhur prané ligeneve piktoreské té Lurés dhe né kémbé té Korabit, malit mé té larté té
vendit dhe me bjeshkét shumé té bukura, i ka kapacitetet energjetike dhe vierat estetike té mjedisit e
té natyrés pér t'u kthyer né gendér kurative dhe turistike e réndésishme jo vetém pér Shqipériné
veri-lindore.

Pérparimi mé i madh teknologjik i shfrytézimit té energjisé sé ujérave termale éshté pérdorimi
né ményré kaskadé pér shumé procese, nga temperaturat mé té larta, derisa uji merr temperaturén e
mjedisit. Kjo éshté ményra mé kursimtare e shfrytézimit té késaj energjie alternative [Frashéri A. etj.,
2003]. Pér té realizuar pérdorimin kaskadé pér njé varg sa mé té gjaté veprimtarisht, né ¢cdo stiné,
shfrytézimi i energjisé gjeotermale béhet né kombinim me energjiné diellore dhe energjiné e erés. Né
kété skemé pérfshihen edhe koncepti i shfrytézimit kompleks, sepse pérdoren teknologjité moderne
si pompat gjeotermale té nxehtésisé dhe panelet diellore.

Ngrohja e fshatrave, e hoteleve turistike dhe e pishinave té tyre, e klinikave, ngrohja e serave pér prodhimin
e luleve dhe perimeve jané nga drejtimet e réndésishme té pérdorimit té energjisé sé ujérave gjeotermale né kété
kaskadé, gé duhet té zbatojné edhe té gjitha gendrat ekzistuese balneologjike né vendin toné.

Pasi éshté shfrytézuar né nyjet e mésipérme, uji pérdoret pér zhvillimin e akuakulturés, sipas dy drejtimeve:
- Rritjen e rasateve té peshqve etj.

- Kultivimin e algave, me té cilat prodhohen pomada nga mé efektivet pér shumé sémundje té
lIekurés dhe kremra pér kozmetikeé.

Procesi i fundit né kété kaskadé éshté nxjerrja e mikroelementeve dhe kripérave natyrore nga
ujérat termale minerale. Gjaté proceseve té ndryshme té kaskadés, nxirren edhe gazet e liré CO, dhe
H.,S, gé pérdoren pérkatésisht pér konservimin e produkteve ushgimore dhe pér procedura té posagme
mjekimi té rrugéve té frymémarrijes.

Vetém pas késaj, uji mund té pérdoret pér ujitje, ose té injektohet né rezervuarin gjeotermal.

Ujérat e pijshém minerale mund té industrializohen pér tu pérdorur nga popullsia. Edhe né
Shgipéri ka ujéra té tillg, si ato té Bénjés né Pérmet, té Sarandaporos né Leskovik, té Ardenicés et;.

5.3. Ngrohja dhe freskimi i serave

Energjia gjeotermale e shtresave né thellési té Tokés, si edhe uji i nxehté gé pérmbajné rezervuarét
gjeotermale po pérdoren gjithnjé e mé tepér edhe pér ngrohjen e serave pér prodhimin e perimeve
dhe luleve, si edhe pér tharjen e frutave dhe perimeve. Jané té famshme serat né Lardarelo té Italisé,
ku prodhohen lule ekzotike dhome. Sipérfaget e serave té ngrohura me energjiné gjeotermale jané
njé investim me pérfitime té médha, prandaj ato po shtohen nga viti né vit né vende té ndryshme té
botés. Né shtetet pérreth Shqgipérisé, aktualisht funksionojné mjaft sera, si: né Greqi (34ha), Bullgari
(22 ha), Maqgedoni (62.4ha), Serbi (10.13ha), Kroaci (0.25ha) [Andrejevski B dhe Armanski S. 1999,

43



ATLASI | BURIMEVE TE ENERGJISE GJIEOTERMALE NE SHQIPERI

Campioti C. etj. 1999, Koreneos C.J. etj., 1999, Bojadgieva K. etj., 1999, Kralj P. 1999, Arpasi M. etj.,
1999, Popovski K. 2003, Popovska S etj., 1999, 2003, Rafferty K dhe Boyd D., 1997]..

NEé vitet e fundit né Itali, né veri t&¢ Romés, jané ndértuar njé seri serash demonstrative moderne
me pérmasa (8x30x3.70)m dhe (24x20x3.40)m, té cilat ngrohen me energjiné e ujit gjeotermal me
temperaturé 40°C dhe prurje 10 I/sek.

Energjia gjeotermale pér ngrohjen e serave pérftohet né dy rrugé:
1. Nga ujérat gjeotermalé gé fontanojné nga puse té thellé ose nga burimet natyrore,

2. Duke pérdorur sisteme moderne Kémbyes Nxehtésie Vertikal né puse té thellg, duke i kthyer
ato né Burime Vertikale Nxehtésie [Clauser Ch. 1997, Chuanshan D etj., 1995, Lund J.W. 1996].

Né Ultésirén Prandariatike, si edhe né Zonén Jonike, né njé territor té gjeré nga Durrési e deri né
Vurg, nga Semani e deri né Kucové ka puse gé kané fontanuar ujé gjeotermal, té cilét mund té
riaktivizohen pér té marré pérséri ujé té nxehté. Ka edhe gindra puse té thellé té naftés e té gazit té
braktisur, té cilét mund té keté shtresa kolektore me ujé me temperaturé té larté, gé mund té shérbejné
edhe si burime vertikale nxehtésie. Né kompleks edhe me pompat e nxehtésisé, uji i kétyre puseve
mund té shérbejé pér ngrohjen e serave [Frashéri A. etj., 2003].

* * *

Burimet e energjisé gjeotermale té entalpisé sé ulét né Shqipéri, disa prej té ciléve jané njékohésisht
edhe burime ujérash shumeé elementéshe, pérbéjné bazén pér pérdorim té suksesshém té teknologjive
moderne pér pérdorim kompleks dhe kaskadé té késaj energjie, migésore me mjedisin, duke patur
efektivitet ekonomik té miré. Zhvillime té tilla jané té dobishme edhe pér krijimin e vendeve té reja té
punés dhe pérmirésimin e jetés sé komuniteve lokalé prané kétyre burimeve termale.
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Shfrytézimi i ujérave termale lidhet edhe me problemet e mbrojtjes dhe té ruajtjes sé mjedisit.
Sot, ujérat termale gé burojné né vendin toné derdhen né natyré, né sipérfagen e tokés dhe né pérrenjté
pérreth burimeve (Fleta 30). Né zonén e Elbasanit, ujérat termale pérmbajné rreth 6.8 g/l mbeturina
té ngurta. Né sasi t&é médha jané kationet e Na* 1.19 g/I, Ca* 0.79 g/I, Mg* 0.20 g/I, K* 0.17 g/l, NH,*
0.02 g/l, gjurmé kationesh Fe, Cu, Al, si edhe anione CI 2.36 g/l, SO,* 1.78 g/l, HCO, 0.43 g/l etj. Ato
pérmbajné edhe gazra H,S né total 6.8 g/I, CO, té liré 0.169/I etj.

Ujérat termale gé derdhen né natyré kané impakt negativ mbi mjedisin [Frasheri A. etj., 2003, Popovska
Vasilevska S. 1999]:

- Ndotja e ujérave sipérfagésore, gé pérdoren pér ujitje etj. Pérdorimi kétyre ujérave té ndotura
me elemente kimike dhe kripéra té ndryshme pér ujitje sjell edhe ndotjen dhe pasurimin e
tokés bujgésore me kripéra té ndryshme, né ményré té vecanté me kripéra té klorurit té natriumit,
té sulfateve dhe té karbonateve té kalciumit dhe magneziumit.

- Ndotja e ujérave té truallit, gé pérdoren si ujé i pijshém, industrial etj., me kripérat e treguara
mé lart.

- Ndotja e ajrit me gazin sulfhidrik dhe karbonik, duke i dhéné aromén e pakéndshme té vezés
sé prishur.

- Varférim té biodiversitetit.

Prandaj éshté e domosdoshme gé kéto ujéra té pastrohen pérpara se té dérgohen né sistemin e
drenimit dhe né pérrenj e lumenij, ose té ri injektohen né néntoké né rezervuarét gjeotermalé.
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ATLAS
OF GEOTHERMAL RESOURCES
IN ALBANIA

Introduction

The Monograph “ATLAS OF GEOTHERMAL RESOURCES IN ALBANIA” is published in the
framework of the National Program for Research and Developing- Natural Resources, 2003-2005.
This Atlas represents the publication of the results of studies which were performed in the framework
of the Committee for Sciences and Technology of Albania Projects and agreement between the Faculty
of Geology and Mining, and the Geophysical Institute, Czech Acad. Sci., Prague, European Commision-
International Heat Flow Commission and UNDP-GEF/SGP Tirana Office projects [1, 2, 3, 4, 5, 6].

Studies- Atlases [2, 3, 4], are the results of the intensive work carried out by a joint team of the
Geophysical Section of the Faculty of Geology and Mining of the Polytechnic University of Tirana,
the Department of Geothermics of Geophysical Institute of Czech Republic, Prague, and of the Oil
and Gas Geological Institute, Fier Albania. The joint team of Albanian and Czech researchers and
professionals comprised of geophysicists and geothermists, geologists, hydrogeologists, physicists
and geodesists.

Preparation for the monograph publication is realized by a scientific team: Prof. Dr. Alfred
Frashéri (Editor- in- Chief), Prof. Dr. Rushan Lico, Dr. Fiqiri Bakalli, Prof. Dr. Neki Frashéri, Prof. Dr.
Niko Pano, Prof. Dr. Salvatore Bushati, Prof. Dr. Bashkim Cela, Prof. Dr. Engjéll Prenjasi, Prof. As. Dr.
Hajri Haska, Inxh. Burhan Canga, informatics Dashamir Hoxha.

Th Atlas will create the scientific base for the direct use of geothermal energy in Albania, and
presents a modest contribution to the country’s energy balance system.
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|. AREA DESCRIPTIONS, METHODS AND
MATERIAL STUDIES

1.1. Outlook on Geological setting of Albania

Integrated onshore and offshore regional geophysical studies have been performed for the
exploration of the Albanides. Seismological studies, gravity and magnetic surveys, reflection seismic
lines, geothermal studies, radiometric investigations, vertical electrical soundings and integrated
well loggings represent the applied complex of the geophysical investigation. The structural analysis
of the Albanides acording to the seismological studies, reflection seismic, gravity, magnetic, electrical,
and geothermal surveys, in the framework of the integrated interpretation with geological studies
results are presented.

The Albanides represent the assemblage of the geological structures in the territory of Albania,
and together with the Dinarides at the North and the Hellenides at the South, have formed the
southern branch of the Mediterranean Alpine Belt (Fig. 1) [Aubouen I. & Ndoja I., 1964, Bigoku T. &
Papa A. 1965, Bushati S. 1998, Frashéri et al. 1996, Meco S. & Aliaj Sh. 2000, Melo V. 1986, Papa A. 1993,
Prenjasi E. 1999, Tectonic map of Albania 1985, Ricou E.L. et al. 1998]. Two major peleogeographic
domains form the Albanides: the Internal Albanides in the eastern part and the External Albanides
in the western part of Albania.

The Internal Albanides are characterized by the presence of the immense and intensive tectonised
ophiolitic belt, which is displaced from east to west as an overthrust nappe. There are two viewpoints
about the tectonic setting of the ophiolites: Allochtone character of the ophiolitic nape [Abouin 1.
1973, Cadet J.P. etal. 1980, Frashéri A. et al. 2000, Hoxha L. 2000, Langora et al. 1983] and the autochthon
ophiolitic belt [Becaluva L. et al. 1994, Bushati S. 1998, Gjata K. & Kodra A. 2000, Kodra A. 1998,
Shallo M. et al. 1989]. The External Albanides were developed beside the western passive margin
and continental shelf of the Adriatic plate [Aliaj Sh. 1987, Bare V. et al. 1986, Dalipi H. 1985, Frashéri
etal. 1996, Méhillka L. et al. 1999, Xhufi C. & Canaj B. 1999]. The External Albanides are affected only
by the later paleotectonic stages, and are characterized by regular structural belts, which are associated
with thrust and over tectonic.

1.1.1. Earth Crust configuration

Seismological studies, regional gravity and magnetic survey data reflect the Earth Crust
configuration (Plate 1-a, 2, 3, 4), [Arapi S. 1982, Bushati S. 1982, 1997, 1998, Frashéri A. et al. 1996,
Kogiu S. 1989, Lubonja L. et al. 1968, Sulstarova E. 1987, Veizaj V. & Frashéri A. 1986]. The structure of
the Earth Crust agording to the refraction seismic data is presented in Plate 1-a. Geophysical data
reveal that the Earth crust becomes thicker from the central regions of the Adriatic towards Albanides
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inland. The sedimentary crust has about 10 km thickness in Adriatic seashore and reaches up to 15
km in northwestern regions of Albania (Plate 1-a, 4-a), [Frashéri A. et al. 1996, Kogiu S. 1989, Veizaj V.
& Frashéri A. 1986]. Rocks, with a seismic wave velocity of (5.9-6.2)km/sec, present the lower part of
the sedimentary crust. These rocks have a very consolidated structure. In the Albanides are fixed
four of third order trends of the Bouguer anomalies: two maximums two minimums (Plate 2). The
main gravity maximum is extended on the northeastern part of the Mirdita tectonic zone and on the
Korabi one. The second maximum, which is located in the Vlora district, in the southwestern part of
Albania, has a sub-transversal strike with geological structures of the lonian tectonic zone. These
regional gravity maximums are attributed to a crust thinning toward the Mirdita tectonic zone and
in Vlora district (Plate 1-a, 2). The main gravity minimum is extended from the southeastern region
of Albania to the northwestern littoral of Albania. The second minimum is located in the Alps tectonic
zone, by a strike in the SE-NW direction. Generally, the Bouguer anomaly increases from the Adriatic
Sea Shelf to the Eastern part of the Albanides, (Plate 2, 4-a). The geological-geophysical profile Albanid
1 presents the decreasing of the depth of roof of the Moho discontinuity in Adriatic Sea region (Plate
4-a). The Moho discontinuity plunges from 25 km in the central part of the Adriatic Sea [Finetti, I.
and Morelli, C.; 1972] to (43- 52)km at eastern part of Albanides. Regional gravity anomalies are
caused by a block construction of the crust, which comes out from the results of seismological studies.
This tectonic setting of the deep levels of the earth crust in the Albanides finds its reflection even in
the distribution of the magnetic fields (Plate 3). The interpretation of the regional magnetic anomalies
shows that the top of the crystal basement plunges toward the littoral of the Albanides up to their
central areas (Plate 4-a).

The Earth crust in the Albanides is interrupted by a system of longitudinal fractures in NW-SE
direction and transversal fractures that touch the mantel (Plate 4-a). The geothermal energy of the
Albanides is linked with these deep fractures.

The tectonic setting of the deep levels of the Albanides Earth Crust and their dynamics has
conditioned the geology and tectoniuc style Albanides.

1.1.2. Tectonic Zones

Geological and geophysical regional studies, based on facial-structural criteria, have distinguished the
following tectonic zones (Plate 1-b):

A) Internal Albanides: Korabi, Mirdita, Gashi tectonic zones,

B) External Albanides Albanian Alps, Krasta-Cukali, Kruja, lonian,

Sazani tectonic zones, and Peri Adriatic Depression.

Intensive Bouguer anomalies and very turbulent magnetic field, with weak anomalies (Plate 2,
3), characterize the ophiolitic belt of the Mirdita tectonic zone in the Internal Albanides. The ophiolitic
belt has its biggest thickness about 14 km at its northeastern extreme, in the ultrabasic massif of
Kukes. This thickness is reduced up to 2 km towards the west and the southeast (Plate 4-a, 4-b). This
interpretation is demonstrated a allochton character of ophiolite belt and the covering character of
the western contact of ophiolites with the formation of Krasta-Cukal zone of External Albanides. The
relations between the Internal and the External Albanides have a nappe character. The separation of
the gravity and the magnetic anomalous belts in the central region of the Internal Albanides, at
Shengjergji flysch corridor, arguments the presence of Diber-Elbasan-Vlora transversal fault (Plate 2,
3).

56



ATLAS OF GEOTHERMAL RESOURCES IN ALBANIA

A joint characteristic of structural belt of lonian and Kruja zones in the External Albanides is
their westward thrusting, too. The thrusting process is helped by the presence of the Triassic evaporite
sheet under the carbonate section. A¢ording to the integrated geological-geophysical studies and
deep well data results that two tectonic styles are observed in the lonian tectonic zone: duplex and
imbricate tectonic. Traversal faults have separated the lonian basin in several blocks. Following
limestone top of the south Adriatic basin and Sazani, lonian and Kruja zones are observed that the
limestones of the southern Adriatic basin are extended under the last units. Peri-Adriatic Miocene
and Pliocene molasses deposits cover partly the Sazani, lonian and the Kruja tectonic zones. They are
placed trangressively over the older section down to the limestone of the Eocene, creating a two-
stage tectonic stage (Plate 5). The molasses post-orogenic deposits have covered transgressively Mirdita
and partially Krasta—Cukali tectonic zones in Korca and Burreli basins.

Internal Albanides

The tectonic zones of the Internal Albanides extend to the eastern part of Albania.

Korabi zone (K) continues as the Pelagonian zone in Hellenides and as the Golia zone in Dinarides.
In the Korabi zone the field of Bouguer anomaly is hormal and this reveals that the structures are of
low orders (Plate 2). The quiet gravitational zone of Korabi in the west is in contact with the anomalous
zone on the ophiolites of Mirdita tectonic zone. The contact between Korabi and Mirdita zone coincides
with the deep seismogene structure Ohrid-Qarishté-Qafé Murré-Kukeés [Sulstarova, E.; 1987]. In this
zone outcrops the oldest formations of Albania.

Mirdita zone (M) represents a wide belt along the whole length of the country, from northwest
to southeast. The ophiolitic belt is characterized by intensive anomalies of the Bouguer anomaly and
by a magnetic field with weak anomalies, which are very turbulent (Plate 1-b, 2, 3, 4).

There are three characteristics of this anomalous belt:
- Firstly, they are divided in two parts, at the north and at the south of Shengjergji flysch’s corridor;

- Secondly, there are five gravity maximums, with epicenters set one after the other in an
anomalous chain from Tropoja-Kukesi ultrabasic massifs in the northeast part of Albania to the
Morava massif, at southeastern area. The anomalies have maximal amplitude up to 105mgal
and strong gradients separate them one from the other. The anomalous belt undergoes a
powerful turn of 60°-70° toward the direction of the Dinarides ophiolitic belt in the northern
part of Albania,

- Thirdly, the biggest amplitudes of the anomalies came from the northern part of ultrabasic
massifs of the eastern belt. While the southern part of the Albanides ophiolitic belt has a more
limited thickness and it keeps developing southwards in Hellenides.

The ophiolite belt has its biggest thickness about 14 km in its northeastern edge, in the Kukesi
ultramaphic massif (Plate 4-b). The northwestern sector of the ophiolitic belt is extended in the east
of Shkodra town (fig. Plate 4-b). The amplitude of Bouguer anomaly on the Gomsige ultrabasic massif
is 12mgal. Decreasing of the Bouguer anomaly amplitude correspond with small thickness of western
part of the ophiolitic belt, down to 2km. The graphic of the magnetic anomaly presented in the profile,
shows that the ophiolite contact has eastern dips with an angle about 45°. This interpretation
demonstrates the covering character of the ophiolite belt in Mirdita zone, under which lie directly a
nappe composed of volcano-sedimentary and tectonic melange formations, as well as the nappe of
the Krasta-Cukali zone below (Prenjasi E. et al. 1982). Such geological setting of the nappe character
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of the ophiolite belt comes from the fact that, the seismological studies have not proved the presence
of any deep fracture between Mirdita and the Krasta-Cukali zones.

The separation of the gravity and the magnetic anomalous belts in the Shengjergji flysch’s corridor,
present another argument in favour of nappe character of ophiolites and the presence of Diber-
Elbasan-Vlora transversal fracture. In the Shengjergji flysch corridor no magnetic anomalies are fixed,
which would testify to the absence of ultrabasic rocks beyond the east of massif’s margins and under
the flysch deposits. The Bouguer anomaly in this region is due to the presence of a limestone anticline
under the flysch. Vertical electrical soundings have revealed that the flysch deposits have a thickness
of (2000-2500)m.

Gashi zone (G). This zone continues into the Durmitory zone of the Dinarides beyond the
Albanides. It consists of metamorphic rocks, terrigeneous rocks, limestone, metamorphic volcanites,
and basic intermediate and acidic rocks.

External Albanides

The tectonic zones of the External Albanides outcrop chiefly in the western part of Albania.

Alps zone (A) is analogue with the Parnas zone in Hellenides and it continues with High Karst
in Dinarides. Sandstone and the conglomerates of Permian are the oldest rocks, which outcrop in
this zone. In general, the Alps represent limestone monoclines, as well as smaller anticlines in their
background. A regional gravity minimum extends on the Alps zone.

Krasta-Cukali zone (KC), continues in the Pindos zone in Helenides and in Budva zone of the
Dinarides. It is divided into two subzones:

Cukali subzone: extends in the north of the zone question. It is composed of Triassic-Cretaous
carbonate rocks, some middle Triassic effusive rocks and few radiolarites on the top of Upper Jurassic.
These rocks are covered by the Maastrichtian-Paleocene-Eocene flysch. The Cukali subzone represents
a big anticline, with small folds. The Alps and Mirdita zones overthrust this subzone.

Krasta subzone: which lies from Shkodra in the North to Leskoviku in the south-east. In this
subzone three formations are outcroped: the Albian-Cenomanian early flysch, Senonian limestone
serie and Maastrichtian — Eocene flysch. The flysch of Krasta subzone appears as a tectonic windoww
even in Shen Gjergji corridor, between two ophiolitic belt parts.

Kruja zone (Kr), continues into the Dalmate zone in Dinarides and in to the Gavroro one in
Hellenides. The Kruja zone consists of a series of anticline structures with Cretaceous-Eocene carbonate
cores of neritic limestones; dolomitic limestones and dolomites covered with Eocene to Oligocene
flysch deposits. In some of the structures, Tortonian molasses overlies transgressively the carbonate
rocks, while in other structures; the Burdigalian marls transgresses over the flysch section. The flysch
and limestone section plunge down to 10 km, where they are underlain by the Triassic evaporite
formations. The main folding of this zone took place in Middle Oligocene and Lower-Middle Miocene.
Anticlines are linear with a length of (20-30)km. Anticlines are asymmetric and their western flanks
are separated from disjunctive tectonics.

lonian zone (lo) extends in the southwestern part of Albania. This is the biggest zone of the
External Albanides and has been developed as a deep pelagic trough since the upper Liassic. The
upper Triassic evaporites are the oldest rocks of this zone. Over this formation lies a thick sequence
composed of upper Triassic- lower Jurassic dolomite limestone and Jurassic-Cretaceous-Paleogene
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pelagic cherty limestone. The limestones are covered by Paleogene flysch, Aquitanian flyschoidal
formation, section of Burdigalian-Langhian and partially of Serravalian-Tortonian that mainly fill
the synclinal belts. Burdigalian deposits often lie unconformly on anticline belts. This has brought
about a setting of a two tectonic stages architecture.

The Liassic rifting and later folding phases have affected the External Albanides including the lonian
zone, where have formed the three following structural belts:

a) The Berati anticline belt, in the eastern part of the zone.
b) The Kurveleshi anticline belt, in the central part of the zone.

¢) The Cika anticline belt, which represents the western edge of the lonian zone.

Integrated geological-geophysical data show the presence of many anticline carbonate structures
often seated with flysch deposits inside these tectonic belts (Plate 5). These structures are fractured
by longitudinal tectonic faults along their western flanks, which go up to thrusting of 5-6 km horizontal
displacement [Prenjasi E. 1992]. Two main tectonic styles are distinguished in the lonian zone: Duplex
tectonics and imbricate one. The backthrust faults have happened owing to retrotectonic phenomenon.
The regional tectonic faults condition the geodynamic evolution of the lonian zone. These faults
have separated the lonian basin in several units, since rifting time of lower and middle Jurassic. The
periodical tectonic revitalizations of the regional faults have played an important role on overthrusting
phenomenon, too. The regional reflection seismic lines across the lonian zone show that the underlying
limestones of the southern Adriatic basin and Sazani Zone has taken place during the structuring
process of the lonian zone, from upper Oligocene to Langhian (Plate 5).

Sazani zone is the eastern continuation of Apulian platform. A thick Cretaceous-Oligocene
dolomite and limestone section build up this zone. Marl deposits of Burdigalian lay trangressively
on the carbonate formation.

Peri-Adriatic Depression. This unit covers transgresively considerable part of the lonian, Sazani
and Kruja tectonic zones. This is a foredeep depression filled with middle Miocene to Pliocene
molasses, mainly covered by Quaternary deposits (Plate 5). The thickness of the molasses increases
from southeast to northwest, reaching 5000m. Sandstone-clay deposits of Serravalian and Tortonian
are placed trangressively over the older ones, down to the limestone creating a two-stage structure
(Plate 5).

The interpretations of the geological geophysical data lead to a new structural model and tectonic
style of the External Albanides [Alias Sh. 1987, Bare V. et al. 1996, Dalipi H. 1985, Méhillka, LI. et al.
1999, Prenjasi E. 1992, Xhufi C. et Canaj B. 1999]. Tectonic zones of the External Albanides have been
in compression tectonic regime since upper Jurassic-Cretaceous. Whereas, western part, of Apulian
zone and South Adriatic basin, it happens in continuous extension tectonic regime. Overthrusting
style of the southeastern part of the External Albanides, with a great southwestward overthrust of
the anticline chains, and the presence of the old transversal faults already are well known. Evaporite
deposits have been the lubrication substratum during the over thrusting movement. A regional
neotectonic phenomenon is also the back thrusting tectonics in the lonian and Sazani zones. The
formed structural-tectonic models have come out owing to interference of two main effects,
southwestward over thrusting and newly northwestwards back thrusting. The structure and structural
chains of the lonian, Kruja and Sazani zones have increased the thrusting and back thrusting
amplitude, as result of a powerful tectonics development during the molasses cycle. This phenomenon
led to the formation of tectonic blocks of imbrication nature, within the carbonate section of western
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flanks of some anticline structures and sometimes to the partial or completes covering of the expected
anticline structures with the evaporites of the adjacent eastern eroded structures.

The Albanian sedimentary basin continues even in Adriatic shelf with carbonate and terrigene
formations. In the different profiles (Plate 4-a) it is noticed that there exist some local Bouguer and
magnetic anomalies in Adriatic shelf [Richeti G. 1980].

1.2. Methods and study materials

The studies on the geothermal field and evaluation of the geothermal energy in Albania, in the
framework of the preparation of “Geothermal Atlas of Albania” and “Atlas of Geothermal Energy
Resources in Albania” [Frashéri A., Cermak V. et al. 1993-1996], were performed on the basis of
temperature logs in the 84 deep oil and gas wells and in 59 shallow boreholes (Plate 1-a) [84 Thermologs
of deep oil and gas wells, 1952-1993. Well-Logging Enterprise, Patos, Dodbiba V. & Kafexhiu F., 1989-
1990; and 59 Thermologs of boreholes, 1993-1995. Albanian-Czech Team]. The deep wells are located
in the lonian tectonic zone, Kruja zone and in the Peri Adriatic Depression. The shallow boreholes
are located in the ophiolitic belt of Mirdita zone and Alps one. These wells and shallow boreholes,
with a depth of 50-6700 m, are situated in different geological conditions, in the External and in the
Internal Albanides.

The temperature was measured with either resistance or thermistor thermometers. The thermal
inertia of these thermometers is (5-6)seconds and 3.5seconds, respectively. In the oil and gas deep
wells, the temperature was logged continuously with depth [Borehole-loging Enterprise, Patos, 1952-
1993]. For field temperature logging of shallow boreholes, the reading was taken point by point at
intervals of 5 or 10 meters, by light portable thermistor thermometer (Kresl 1981) [Frashéri A. and
Cermak V.- Thermologs 1993-1995]. The basic configuration of this probe is a Wheatstone bridge
circuit, with the temperature sensitive thermistor. Calibration of the sensor was performed by a set
of precise mercury-in-glass thermometers. The absolute acuracy is better than +-0.05% K and relative
precision of the temperature readings better than+/-0.01 K. The temperature was recorded by
downhole during lowering of the thermometer. Generally, temperature logging was carried out in a
steady-state regime of the wells filled with mud or water. In some cases, when measuring in a steady
state regime was not possible, have been recorded borehole temperatures three times at different
intervals. The proper value of temperature was obtained by Druly’s (1994) method.

The average absolute error of the temperature recording was * 0.3°C. The temperature measured
with an electrical thermometer was checked by means of a set of precise mercury-in-glass maximum
thermometers in selected boreholes. Average standard deviation was * 1.6°C between both methods.

Processing of the recorded data was performed by trend analysis of first and second orders. The
data from (3000- 6700)m deep wells were divided into several groups and each of them was processed
separately using trend analysis to calculate the average temperature’s gradient.

Laboratory of Department of Geothermics of the Geophysical Institute, Czech Academy of
Sciences, Prague the thermal conductivity of the rocks was determined. The determination of the
coefficient of thermal conductivity of collected rock samples were made by a steady-state comparative
method on an automated divided-bar apparatus (Kresl and Vesely, 1972) with crystalline quartz as a
reference material. As rock samples dried out, the conductivity was measured twice, on dry samples
and on samples saturated by water in a vacuum pump. The experimental relation between “dry” and
“wet” conductivity (Cermak, 1967) was used to correct the laboratory results for the in-situ conditions.
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For some loose unconsolidated sediment, which could not be re-saturated without being disintegrated,
the thermal conductivity was measured by transient-line heat-source methods using the commercial
“Shotherm” QTM-2 device.

Thermal conductivity, capacity and diffuzivity of the analysed rocks are presented in the Tab.1.
Generalized petrothermal data are presented in the Tab. 2. Acording to theese data result that
Oligocene and Tortonian sandstone, and Tortonian clays have a thermal conductivity reaching 5.707
dhe 5.034 W.K'.m. Magmatic rocks, in the particularly ultrabasic ones have a thermal conductiovity
up to 3.828 W.Kx.m. Average quadratic deviation has an absolute values which varies from 0.101 up
to 1.218 W.K*.m!, while relative values are 5.6 up to 38.6%, averagely 14.5 %. Have been evaluated
influence of these distribution of thermal conductivity values during calculation of the heat flow
density.

The thermal conductivity of the geological section and vertical change there have been evaluated. The
evaluation was performed by two ways:

a) Sampling in the deep oil and gas wells (Table 2).

b) Inversion of the geothermal section of the deep well Kolonjal0 to evaluate heat flow density,
started from Pliocene clay section with known value of the thermal conductivity (Tab. 3).

The heat-flow density was calculated. Heat-flow density calculations were made for homogenous lithology
part of geological sections, acording to several models:

1. Pliocene clay suite, for Preadriatic Depresion.
2. Serravalian-Tortonianit Molasse section, for Durrés, Tirana, Kugcova and Memaliaj regions.
3. Burdigalian marly section, for Vlora region.

4. Oligocene flysch section, for Ballsh-Cakran-Gorisht-Kocul, Kreshpan, Lanabregas, Prishté, Sasaj
dhe Vurgu regions.

5. Evaporite section, in the Xara and Dumrea diapirs.
6. Ultrabasic section, for Albanian ophiolite belt.
7. Volcanic section, for Mirdita and Korca regions.

8. Carhonate section, for Albanian Alps.

The temperature maps at 100, 500, 1000, 2000, 3000 meters depths, average geothermal gradient
map, heat flow density map and geothermal zones map, by the processed data were compiled [Frashéri
A., 1992, Frashéri A., Cermak V. et al., 1995, 1996, Cermak et al., 1996]. The maps of the Albanian
territory have been linked with Greek and Adriatic space ones.

Estimation of the geothermal resources of the thermal zones has been performed acording to
the instructions from editor Haenel R of the Geothermal Atlas in Europe. After these instructions,
guantification of geothermal resources is based on a volumetric heat content of the model assuming
exploitation of geothermal energy by a doublet or a singled wells system [Muffer and Cataldi, 1976].
Lavgine, 1978 equation, determines the fraction of heat capable of being extracted. Installed capacity
(thermal capacity), annual capacity used and capacity factor have been calculated [Frashéri A., Cermak
V.et al. 1996, Lund J.W. 1996, Rybach L et al. 2000].
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Energetic study of the geothermal water sources and deep wells has been performed during the
preparation of Geothermal Atlas of Albania and Atlas of Geothermal Energy Resources in Albania
[Frashéri A., Cermak V. et al. 1993-1996]. Investigation and exploration of the thermal water springs
and water analysis have been carried out by Hydrogeological and Geophysical Services of Geological
Survey of Albania, Tirana, and Oil and Gas Geological Institute, Fier, [Avgustinskij V.L. et al. 1957,
Avxhiu R. et al. 1999, Dakoli H. et al. 1981, 2000, Dhima K. et al. 2000, Hydrogeological Map of
Albania at scale 1: 200 000, 1985, Eftimi R. et el. 1989, Reci H. et al. 2001, Tartari M. et al. 1999, Velaj T.
1995].

“Use of environmental friendly geothermal energy”, UNDP-GEF SGP Tirana Office sensitizing
project, has been realized during the 2003 year, by “Association of Albanian Inland and Coastal
Waters Protection and Preservation” [Frashéri A. et al. 2003]. During realization of the Project have
been designed three project ideas for direct use of Geothermal Energy [Frashéri A. et al. 2003].

Videocassette and Sensitizing Brochure, prepared by the Project and Institute of Informatics and Applied
Mathematics INIMA Tirana, is presented in Internet homepage [Frashéri A et al. 2003]:

htt [://lwww.inima.al/~nfra/geothermal
and Geothermische-Vereinigung, EGEC’s GEOTHERNET, Germany homepage:
http://www.Geothermie.de

Albanian Geothermal Energy Low Draft was prepared in the framework of this Project (Frashéri
E., 2003).

Periodically, results of the geothermal energy studies in Albania have been published and
presented in International Symposiums, Conferences and Workshops [Cermak V. et al. 1994, 1999,
Frashéri A. 1992-2003, Frashéri A. et al. 1995-2003].
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2. Geothermal Energy in Albania

2.1.Geothermal Regime

The Geothermal Regime of the Albanides is conditioned by tectonics of the region, lithology of
geological section, local thermal properties of the rocks and geological location.

2.1.1. Temperature

The geothermal field is characterized by a relatively low value of temperature. The temperature
at 100 meters depth vary from less than 10 to almost 20°C, with lowest values in the mountain regions
of Mirdita zone, as well as in the Albanian Alps. In these areas, there is intensive circulation of
underground cold water, of (5-6)°C temperature. Highest temperature values at 100m characterize
the Adriatic coastline and the southern part of the country (Plate 7). The characteristic temperatures
at 500 meters depth ranges from (21-20)°C (Plate 9). The highest temperatures, up to 36°C, have been
measured at 1000 meters depths in Peri-Adriatic Depression wells (Plate 10). The temperature is
105.8°C at 6000 meters depth, in the central part of the Peri-Adriatic Depression (Plate 25). The isotherm
runs parallel the Albanides strike. The configuration of the isotherm doesn’t change down to a depth
of 6000m. Going deeper and deeper the zones of highest temperature move from southeast to
northwest, towards the center of the Peri-Adriatic Depression and even further towards the
northwestern coast. The described geothermal field, with relatively low values of temperature, is a
characteristic of the sedimentary basins with a great thickness of sediments.

The temperatures in the ophiolitic belt are higher than in sedimentary basin, at the same depth
(Plate 4-a).

2.1.2. Geothermal Gradient

In the External Albanides the geothermal gradient is relatively higher (Plate 13). The geothermal
gradient displays the highest value of about 21.3 mK.m* in the Pliocene clay section in the center of
Peri-Adriatic Depression. The largest gradients are detected in the anticline molasses structures of
the center of Pre-Adriatic Depression (Plate 14-a, 14-b). The gradient decreases about (10-29)% where
the core of anticlines in lonic zone contains limestone (Plate 15-b). Elsewhere in lonian zone, the
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gradient is mostly 15mK.m*. The modeling results show that deeper than 20km is observed decreasing
of the gradient (Plate 4-a). This change of the gradient is coincided with the top of the crystal basement.

The lowest values of (7-11)mK.m* of the gradient are observed in the deep synclinal belts of
lonic and Kruja tectonic zones.

Low gradient values (5 mK.m?) were also observed in the southern part of Albanides and in the
Albanian Alps. In these cases, the gradient decreases towards the zero or becomes negative (Plate 15-
b). It decreases even more when the cold surface waters flow through a limestone anticline.

In the Albanian Sedimentary Basin, geothermal gradient changes from one formation to the
others. The geothermal gradient greatest values were observed in the clay sections. Whereas decreases
of geothermal gradient are observed with increasing of sand content at geological section (Plate 15-
c). In the conglomerate-sandstone part of Rrogozhina suite of Pliocene, the geothermal gradient is
almost two times lower than in the Helmesi clay suite of Pliocene. The sandstone reaches up to 65%
of the section in the conglomerate-sandstone section.

Local variations of the temperature and their geothermal gradient values are observed on a
distances of (7-8)km. For example, at a depth of 3000m on these distances the temperature may vary
from 8-9°C. The geothermal gradient values changes from 10.5to 17.5 mK.m?, even in vertical direction,

There ogur deviations from the normal trend of the above-mentioned phenomenon in case of
lateral influences. Plate 14-c show that gradient reaches its smaller values in the lower part of the
section, apart of that the limestone structure lies nearly east of the well Ard. 18.

Over-pressure in the molasses of the Albanian Sedimentary Basin has a great influence on the
values of geothermal gradient (Hoxha Xh. 1984, Lico R. et al. 1998).

It is also obvious the influence of salt diapir in the gradient values (Plate 15-a). The rocks have
high thermal conductivity in the salt’s part of the geological section. These deposits explain why the
geothermal gradient is lower than in other parts of section.

In the ophiolitic belt of the Mirdita tectonic zone, the geothermal gradient values increase up to
36mK.m at northeastern and southeastern part of the Albania (Plate 13). In this belt is also observed
the existence of a lower gradient section, up to 10 mK.m. This gradient decrease is explained by the
convection influence that is related to cold underground water’s circulation. In the mountainous
area this circulation is very intensive, especially in disjunctive tectonic zones. After the geothermal
modeling, decreasing of the gradient is observed also deeper than 12000 meters in this part of Albania,
at the top of the Triassic salt deposits.

2.1.3. Heat Flow Density

The regional pattern of heat flow density in Albanian territory is presented in the Heat Flow
Map (Plate 16). There are observed two particularities of the scattering of the thermal field in Albanides:

Firstly, the maximal value of the heat flow is equal to 42mW/m?in the center of Peri-Adriatic
Depression of External Albanides. The 30mW/m? value isotherm is open towards the Adriatic Sea
Shelf. Heat flow density values are lower than (25-30)mWm-2in Albanian Alps area. This phenomenon
has taken place owing to the great thickness of sedimentary crust, mainly carbonatic one in this zone.

Secondly, in the ophiolitic belt at eastern part of Albania, the heat flow density values are up to
60mW/m?2. The contours of Heat Flow Density give a clear configuration of ophiolitic belt. The contours
of 45smW.m2in Northeast and 40mW.m2 in South-East of Albania remain open toward the ophiolitic
belt continuation beyond the Albanian border. Radiogene heat generation of the ophiolites is very
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low. In these conditions, increasing of the heat flow in the ophiolitic belt is linked with heat flow
transmitting from the depth. Ophiolitic belt Heat Flow Density highest value can be explained by the
small thickness of the geological section down to the top of crystalline basement, and MOHO
discontinuity (Plate 4-a). The granites of the crystalline basement, with the radiogenic heat generation,
represent the heat source. In the ophiolitic belt there are some hearths observed of higher heat flow
density. Heat flow anomalies are conditioned by intensive heat transmitting through deep and
transversal fractures.

2.2. Water Resources of Geothermal Energy

2.2.1. Geothermal springs and wells

Large numbers of geothermal energy of low enthalpy resources are located in different areas of
Albania. Thermal waters with a temperature that reach values of up to 65.5°C are sulphate, sulphide,
methane, and iodinate-bromide types (Tab. 1, Tab. 2, Plate 17).

THE THERMAL WATER SPRINGS IN ALBANIA

Tab. 1
No. Spring and region Temp Geographic coordinates Yield
spring °C lisec
Latitude N LE
1 Mamurras 1 & 2 21-22 41°35'24" 19°42'48" 1.7
2 Shupal, Tirana 29.5 41°26'9" 19°5524”" <10
3-a | Llixha Elbasan 60 41°02' 20°0418” 15
3-b | Hydrat, Elbasan 55 410118” 20°05'15” 18
4 Peshkopi 43.5 41°42'10” 20°27'15" 14
5 Katiu Bridge Langaricé, Permet 30 40°14'36" 20°26’ >160
6 \romoneri, Sarandoporo, Leskovik 26.7 40°5'54" 20°40’ 18" >10
7 Finig, Sarande 34 39°52'54" 20°03' <10
8 Holta River, Gramsh 24 40°55'30” 20°09'24” >10
9 Postenan, Leskovik Steam Springs | 40010'24” 20°33'36”
10 Kapaj, Mallakastér 16.9-17.9 40032'30" 19048'18” 12
1 Selenicé, Vloré 35.3 40°32'18” 19°39'30” <10

In many deep oil and gas wells there are thermal water fountain outputs with a temperature
that varies from 32 to 65.5°C (table 2, Plate 17)

Until now only thermal waters of the springs 1, 2, 4, and 6 and wells 1, 2, 3 in Albania are used
only for health purposes by old technologies of the SPA (Plate 28).

Albanian geothermal areas have different geologic and termo-hydrogeologic features.
Geothermal areas are linked with disjunctive tectonics and seismological active belts (Plate 18, 19).
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THERMAL WELLS IN ALBANIA

Tab. 2
No. Well Temp. Geographical Coordinates Yield
in°C Latitude Longitude I/sec
N. E.
1 | Kozani8 65.5 41°06' 20°01'6" 10.3
2 | Ishmi 1/b 60 41°29.2' 19°40.4' 35
3 | Galigati 2 45-50 40°57'6" 20°09'24” 0.9
4 | Letan 50 41007'9" 20022'49" 5.5
5 | Bubullima5 48-50 41°19'18" | 19°40'36" <10
6 | Ardenica 3 38 40°48'48" | 19°35'36" 15-18
7 | Semanil 35 40°50' 19°26 5
8 | Semani3 67 40046'12" | 19022'24" 30
9 | Ardenica 12 32 40°48'42" | '19°35'42" <10
10 | Verbasi?2 29.3 1-3

2.2.2. Geothermal Zones

Thermal sources are located in three geothermal zones [Plate 17]:

Kruja geothermal zone represents a zone with large geothermal resources (Plate 20). The Kruja
zone has a length of 180km. The Kruja Geothermal Zone extends from the Adriatic Sea in the North
and continues down to the South - Eastern area of Albania and to the Konitza area in Greece [Frashéri
A. et al. 2003, Fytikas M.D. and Taktikos S. 1993]. Geothermal aquifer is represented by a karstified
neritic carbonatic formation with numerous fissures and micro fissures.

Three boreholes produce hot and mineralized water: Ishmi-1/b (Ishm-1/b), Kozani-8 (Ko-8) and
Galigati-2 (Ga - 2) (Plate 21-a, b). Thermal springs of the Llixha Elbasani spa are located about 12 km
S of Elbasani city (Plate 22-b).

The Ishmi-1/b is the northernmost borehole of Kruja geothermal field, about 20 km NW of Tirana.
Ishmi 1-b well has been drilled in 1964. It was drilled in the upper part of the fissured and karstified
limestone. The borehole intercepts the limestone section at 1300 m depth and continues through
more than 1000m of carbonatic strata. Effective porosity is less than 1% and the permeability ranges
from (0.05-3.5)mD. The hydraulic conductivity of the limestone section varies between (8.6 x 10 -
8.8 x 10%)m/s and the transmissivity ranges from (8.6 x 107 — 8.5 x 10%)m2/s.

Kozani-8 well has been drilled in 1989. Borehole is located on hills 26km SE of Tirana. It encounters
limestone strata at 1819m, penetrating 10m into the section. Hot water has continuously discharged
from the Ishmi-1/b and Kozani-8 boreholes at rates of 3.5 I/s and 10.3 I/s, respectively, since the end of
drilling operations (1964 and 1988, respectively).

Galigati-2 borehole is located on a hill, about 50km SE of Tirana. At depth of 2800m, is discloses
an 85m thick limestone section.

Elbasani Llixha watering place is about 12km South of Elbasani (Plate 22-b). There are seven
spring groups that extend like a belt with 320° azimuth. All of them are connected with the main
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regional disjunctive tectonics of Kruja zone. Thermal waters flow out through the contact of
conglomerate layer with calcolistolith (Plate 22-a, 22-b). In this area too, the reservoir is represented
by the Llixha limestone structure. These springs have been known before Second World War. Surface
water temperatures in the Tirana-Elbasani zone vary from 60° to 65.5°. In the aquifer top in the well
trunk of Kozani-8 temperature is 80°C. Hot water has a salinity of (4.6-19.3)g/Il. Elbasani Llixha water
contains Ca, Na, ClI, SO, and H,S [Avgustinsky et al., 1957] while in the Tirana-Elbasani, thermal
waters are of Mg-Cl type. They contain the cations Ca, Mg, Na and K, as well as the anions ClI, SO,
and HCO, with pH to 6.7-8 and density of 1.001-1.006 g/cm?.

Elbasani Nosi Llixha water has the following formula [Avgustinsky V.L. 1957]:

4
H2$).403M7.1M
Na4ﬁca35
Wellhead temperatures in the Tirana-Elbasani zone vary from (60-65.5)°C. The temperature at
the top of aquifer reaches 80°C in the Kozani-8 hole. Agording to the temperature logs in Ishmi-1/b
and Galigati-2, temperatures at depth in the carbonatic section are 42.2°C and 52.8°C, respectively.
The difference between the temperature of thermal water discharging at the surface and of the
limestone section at depth shows that a mixture of waters from different depths and temperatures
has ocurred.

The Langarica river thermal springs, near of the very beautiful Vjosa River valley (Plate 23-b),
Postenani steam springs (Plate 24-a) and the Sarandaporo springs (Plate 24-c) can be found in the S of
the Kruja geothermal area (Plate 23-a). Thermal water flows out from the contact between the Eocene
fissured and Kkarstified limestones and the flysch section. The steam flows from tectonic fault (Plate
24-a-b).

On both shores of the Langarica River shores are located Bénja thermal springs, well know from
the Roman era. These waters are much different. They do not contain H,S, CO, and are a factor of 7-
9 times less mineralized than waters from the Tirana-Elbasani zone. Mineral water of these springs is
drinkable. Water temperature is 29 °C. Yield is (30-40)liters/sec.

Near of Albanian-Greek border is located Sarandaporos thermal and mineral drinkable water
springs. The temperature is 27.6°C. Yield more 40 liters/sec. Geothermal springs at Kavasila in Greece
are located in southern Sarandaporo riverside. Kavasila thermal springs and Sarandaporo in Albanian
side are springs are presented the single geothermal system, which at northern direction is continued
with steam springs in Postenan Mountain in Leskovik and Bénja geothermal springs in Pérmeti.

Ardenica geothermal zone is located in the coastal area of Albania, in sandstone reservoirs
(Plate 25). The Ardenica geothermal area is situated 40km N of Vlora within the Peri-Adriatic
Depression. It comprises the molasses Neogene brachyanticline Ardenica, the Semani anticline, the
northern pericline of Patos-Verbasi carbonate structure and the overlying Neogene molasses. The
Ardenica geothermal area is intercepted by the Vlora-Elbasan-Dibra transversal fault. The Ardenica
geothermal reservoir comprises sandstone sections of Serravalian, Tortonian and Pliocene age. These
sandstone layers are composed of coarse, medium and fine grains. Effective porosity of the aquifers
is about 15.5% and the permeability reaches 283mD. Hydraulic conductivity is 4.98m/s and
transmissivity has a value (8.9 x 10-°)m?/s. These reservoir properties translate into an output of 5-18
I/s. Hot water discharges from the boreholes Ardenica-3 (Ard-3) and Ardenica-12 (Ard-12), both
situated in the Ardenica brachyanticline, Semani-1 (Sem-1) and Semani-3 (Sem-3) boreholes in the
Semani anticline structure, in the Verbasi-2 (Ver-2) drilled in the Patosi monocline and the Bubullima-
5 (Bub - 5) borehole that intercepts the carbonatic section of the Patos-Verbasi structure. At the surface,
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the boreholes discharge waters at temperatures of (32-67)°C (Tab. 2). Water flows into these boreholes
at depth intervals of (1200-1700)m (Ard-3), (1935-1955)m (Ard-12) [Plate 26-a-b], (2250-2275)m (Sem-
1), (2698-2704)m and 3758m (Sem-3) (875-1935)m (Ver-2) and (2385-2425)m (Bub-5).

Ardenica thermal water is Ca-Cl type, with 21.2mg/l iodine, 110mg/l bromide and 71mg/I boric acid, and
has a formula:
Clgg

58.8 N a86

Electrical resistivity and SP logs in the Ardenica-12 and Semani-1 boreholes, show that the
sandstone section has a thickness of (445-1165)m. As an example, these geophysical logs for the
Ardenina-12 borehole are show together with the temperature log and lithologicic column [Plate 26-
a-b]. It is clearly demonstrated that the aquifer temperatures are higher in sandstone layer than
above or beneath them. At the wellhead, temperatures are 32°C for Ardenica-12, 35°C for Semani-1,
38°C for Ardenica-3 and 67°C for Semani-3. However, the temperature in the aquifers at depth of
(1935-1955)m is 45.8 °C.

Peshkopia geothermal zone is located in the Northeast of Albania, in the Korabi hydrogeologic
zone (Plate 26-a) [Collaku A. et. al 1992]. At distance of two kilometers east of Peshkopia, water at
43.5°C flows out of a group of thermal springs on a river slope composed of flysch deposits (Plate 26-
b). Some of the springs yield flow rates up to 14 I/s. The occurrence of these springs is associated with
a deep fault at the periphery of a gypsum diapir of Triassic age that has penetrated Eocene flysch,
which surround it like a ring. These springs are linked with the disjunctive tectonic of seismic-active
belt Ohrid Lake-Diber, at periphery of the gypsum diapir. With this tectonic belt are linked the Banjishte
and Kosovrasti thermal springs, which are located at Macedonian territory, close to the Albanian-
Macedonian border [Frashéri A. et Pano N. 2003, Micevsky E. 2003].

Evaporite diapir extends vertically over (3-4)km [Kodra A. et al. 1993] and comprises the main
aquifer of this geothermal system. The ocurrence of thermal waters is connected with the low
circulation zone always under water pressure. Where gypsum plunges, under the level of free
circulation zone, the presence of H,S can be detected in the water. The thermal waters are of sulphate-
calcium type, with a mineralization of up to 4.4g/l, containing 50mg/l H,S.

Their chemical formula is [Avgustinsky V. L. 1957]:

S04
H,Sh0msM g =
2%0.0495""" 4.4 Ca65

On riverbed, outcrops of anhydrides and gypsum are located also, with big yield of cold
mineralized water springs, of sulphate-calcium type. Their water temperature is 12°C.

Different geothermometers indicate the reservoir temperatures are (140-270)°C. Considering
the regional geothermal gradient, temperatures of 220°C would be found at depth of (8-12)km.
However, the gypsum diapir represents e high thermal conductivity body focusing heat from its
surroundings. Therefore, water could become warmer at shallow depths that suggested by the
geothermal gradient.
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2.2.3. Geothermal Resources

Kruja Zone (Plate 20). This area extends from the Adriatic coast to the Ishmi region (N of Tirana)
to the SE, penetrating into Greece, along a total length of 180km and a width of (4-5)km. Two subzones
are recognized: the Tirana-Elbasani (northern) and the Galigati-Sarandaporo (southern) zones.

The Elbasani Llixha springs and Ishmi-1/b and Kozani-8 boreholes have exhibited constant yield
with stable temperatures for decades. The springs have been discharging at the rate of (15-18)l/s
during the last 50 years, while the boreholes have maintained an output of (3.5-10.3)l/s for (10-40)
years.

The Kruja geothermal area concentrates most geothermal resources in Albania. The most
important resources, explored until now, are located in the Northern half of Kruja Geothermal Area,
from Llixha-Elbasan in the South to Ishmi, in the North of Tirana. For the Tirana-Elbasani subzone
heat in place (H,) is (5.87 x 10— 50.8 x 10%)J, identified resources (H,) are (0.59 x 10*® - 5.08 x 10'%)J,
while the specific reserves ranges between values of 38.5-39.6 GJ/m2,

The second subzone, Galigati, has lower concentration of resources 20.63GJ/m?, while geothermal
resources amount to 0.65 x 10*8]. These reserves have been extrapolated for this whole subzone up to
the Albanian-Greek border.

Ardenica Zone (Plate 25). Ardenica reservoir has (0.82 x 10%®)J. Resources density varies from
(0.25-0.39)GJ/m?. The boreholes have been abandoned and await renewed investment into geothermal
exploration.

Peshkopia zone (Plate 26). Water temperature and big yield, stability, and also aquifer temperature
of Peshkopia Geothermal Area are similar with those of Kruja Geothermal Area. For this reason the
geothermal resources of Peshkopia Area have been estimated to be similar to those of Tirana- Elbasani
area.
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3. Integrated and Cascade Direct
Use of Geothermal Energy

Large numbers of geothermal energy of high and low enthalpy resources, a lot of mineral water
sources represent the base for sucessfully application of modern technologies in Albania, to achieve
economic effectively. There are many thermal springs and wells. Their water has temperatures that
reach values of up to 65.5°C.

At the present, the thermal waters of some springs and wells are used only for health purposes.

The geothermal situation of low enthalpy in Albania offers three directions for the exploitation
of geothermal energy. Direct use of the environmental friendly geothermal energy must be realized
by integrated scheme of geothermal energy-heat pumps and solar energy, and cascade use of this

energy].

- Firstly, the Earth Heat can be use for space heating and cooling by modern systems Borehole
Heat Exchanger-Geothermal Heat Pumps (Plate 27-b).

The energy crisis prevailing in the country, the increased demand in energy for heating and
cooling of premises (Plate 27-a), the gradual implementation of European standards of premises’
heating, are all decisive factors raising the awareness in order to contribute in finding optimal solutions
to this critical situation. The situation becomes more problematic because the use of natural gas for
heating emits large quantities of CO, in the atmosphere.

In the developed countries such as the Member States of the European Union, in the United
States, Japan etc., particular attention is given to the use of renewable energies, among them the
geothermal energy. The Earth’s heat is a great source of energy, not only renewable and friendly to
the environment, but widely used in different walks of life. Among them is the heating and cooling
of public and private premises.

Two major Ground-source heat pumps system types exist: ground-couplet (closed loop) or water
system (open loop). The ground couplet uses a buried earth coil with circulating fluid in a closed
loop of vertical pipes to transfer thermal energy to and from the earth. Ground-couplet systems have
been used in Northern Europe for many years (Plate 27-b). Ground coupling is used where insufficient
well water is available, where quality of the well water is a problem, or disposal of well water is
restricted. Multiple Heat Exchangers are installed in large public premises.

Actually, these modern systems in use, highly effective and with low consume of electric energy,
technologically advanced and environmental friendly, are gaining huge popularity.

Alike elsewhere in the world, in Albania the subsurface ground layers contain heat. This energy
can be sugessfully exploited in heating the public premises (offices, hospitals, libraries, theatres,
airports etc.) as well as private premises (houses and apartment buildings), using the modern systems
of Borehole-Heat Exchanger-Geothermal Heat Pumps.
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Borehole-Heat Exchanger-Geothermal Heat Pump systems are developed even though has a
construction cost (30-40)% higher than the conventional heating by gas. There are several reasons for
this (Rybach L. et al., 1995, 2000):

Economical considerations. Actually, the cost of installing the Borehole-Heat Exchanger-
Geothermal Heat Pump is higher than the conventional fuel installations. Nonetheless, the annual
cost of “fuel” of the Borehole-Heat Exchanger-Geothermal Heat Pump (Electric energy for the heat
pump and circulating pump) are considerably lower than the fuel of the conventional heating by gas.
For the coefficient of performance 3, is saved up to 66% of the electrical energy. Consequently, the
payback of the Borehole-Heat Exchanger-Geothermal Heat Pump system is shorter than the durability
of using the other heating system.

Environmental considerations. Borehole-Heat Exchanger-Geothermal Heat Pump is an
environmental system that does not emits CO, (“greenhouse effect”), therefore the proprietor avoid
paying the tax on emittance of CO, gas, which is under discussion in the countries of the European
Union.

Actually, in some countries has been applied a governmental support. The Japanese Government
has invested 200 USD for every kW of the Pump of Geothermal Energy, with an upper limit of 5200
UsD.

- Secondly, thermal sources of low enthalpy and of maximal temperature up to 65.5°C.
Thermal waters of springs and wells may be used in several ways:

1. Modern SPA clinics for treatment of different diseases, and hotels, with thermal pools, for
development of eco-tourism. Such centers may attract a lot of clients not only from Albania, because
the good curative properties of waters and springs are situated at nice places, near seaside, mountains
or Ohrid Lake.

The oldest and most important is Elbasani Llixha SPA, which is located in Central Albania (Plate
28, 29). By national road communication, Llixha area is connected with Elbasani. These thermal springs
from about 2000 years ago are known, near of the old road “Via Egnatia” that has passed from Durresi-
Ohrid- to Constantinople. All seven groups of the springs in Llixha Elbasani and Kozani-8 well, near
of Saint John Vladimir Monastery at Elbasani, geothermal area will have the possibilities for modern
complex exploitation. These area are located near of the very know Ohrid Lake pearl or mountains
Gjinari, with their fantastic forests and nice climate. Ishmi 1/b geothermal well is located in beautiful
Tiranafield, near of Mother Theresa-Tirana Airport, near of the Adriatic beaches and Kruja-Skenderbeg
Mountain.

2. The hot water can be used also for heating of hotels, SPA and tourist centers, as well as for the
preparation of sanitary hot water used there. Near these medical and tourist centers it is possible to
built the greenhouses for flowers and vegetables, and aquaculture installations. Peshkopia SPA was
constructed by modern concepts as geothermal balneological center. There are also the thermal pool,
for medical treatment and recreation. Construction of the Peshkopia SPA must be a good example for
new SPA constructions in Albania (Plate 28-b).

3. From thermal mineral waters it is possible to extract very useful chemical microelements as
iodine, bromine, chlorine etc. and other natural salts, so necessary for preparation of pomades for
the treatment of many skin diseases as well as for beauty treatments. From these waters it is possible
to extract sulphidric and carbonic gas.
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- Thirdly, Greenhouses heating by use of the thermal waters of the springs and wells and vertical
heat exchangers in the deep oil and gas wells, in the complex with heat pumps and solar energy
systems, and.

Consequently, the sources of low enthalpy geothermal energy in Albania, which are at the same
time the sources of multi-element mineral waters, they represent the basis for a sugessful use of
modern technologies for a complex and cascade exploitation of this environmental friendly renewable
energy, achieving a economical effectiveness. Such developments are useful also for the creation of
new working places and improvement of the level of life for local communities near thermal sources.

4. Environmental Impact during the Direct Use of
Thermal Waters

Thermal waters, actually in Albania, are discharged directly at the ground surface and in the
surrounding hydrographical system (Plate 30). Elbasani geothermal area waters have a salinity 4.6-
19.3g/l and contain 6.825g/I dry residual-180°C. Cations of Na* 1.19g/l, Ca* 0.79g/l, Mg# 0.20g/I, K*
0.17g/l, NH,* 0.02g/l, trass of the cations of Fe, Cu, Al, and anions CI- 2.369/l, 8042' 1.78g/l1, HCO,
0.43g/l etc. are presented. Itis very high content of H,S in total 6.8g/1, free CO, 0.16g/1 etc. Consequenltly,
these waters have great negative environmental impact (Plate 29) [Frashéri A. etj. 2003, Popovska
Vasilevska S. 1999]:

- Surface waters pollution, which are used for irrigation purposes etc. Used for the irrigation
purposes these waters with chemical elements and natural salts caused the popution of agricultural
soils, in the particularly with NaCl, MgSO,, CaCO,, MgCO, etc.

- Ground drinkable and industrial waters pollution.
- Air pollution by sulphidric gas H,S and carbonic gas CO.,,
- Poor biodiversity.

Processing and cleaning of the thermal waters, before their discharge in the drainage system or
reinjecion in the underground reservoirs are necessary.
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PERCJELLSHMERIA TERMIKE E SHKEMBINJVE

Pasgyra 1
. o s B Pércjellshméria termike (né w.k"l.m. 1) Shmangia
Lloji dhe mosha e shkémbit 20ED mesatare
P = Min. Max. Mes. ose moda | uadratike
Suita Helmési e pliocenit. Argjila 18 1.388 1.44 178
Molasa tortonian-serravalian. Ranore 24 0.533 4.618 2.020
Alevrolite 3 1.348 2422 2.034
| Argjila 18 1.040 5.034 2.783
Gelgerore lithotamnike 3 1.440 2.915 2.242
Burdigalian. Mergele 21 1.428 2.795 2.547
Oligocen, flish: Ranor 25 1.775 5.707 3.156
Mergel 10 0.404 2.970 1.140
| Argjilé-alevrolit 24 1.637 4.367 2.50
Kretak, Gélgeroré 13 2.08
Triasik i sipérm, Gélgeroré 13 1.91
Triasik i poshtém dhe i mesem. Reshpe 2 2.70 2.94 2.82
Bazalte 62 1.112 3.668 2.188
Andezite-dacite 14 2.061 3.288 2.368
Ultrabaziké 44 1.117 3.828 2.630
PERCJELLSHMERIA TERMIKE
NE PRERJEN GJEOLOGJIKE TE DISA PUSEVE
Pasqyra 2
Pusi Thellési Mosha Litologjia Pércjellshméria
aném. termike
né w.m-1kl
Ardenica 19 | 1155 Suita Helmési Argjila 1.446
1165 e pliocenit 1.645
1480 Tortonian- Ranor 2.444
1600 serravalian Argjila 2.436
1685 2.058
2200 Ranor 2.500
2210 1.078
2500 1.040
2810 2.168
Ardenica 18 | 3440 1.540
4150 2.520
4700 2.900
5100 2.200
Lanabregas 585 Oligocen i Flish-argjila 2.378
il 1040 poshtém Flish-ranor 2.097
1280 Flish -ranor 2.927
1378 Flish- 2.673
alevrolite
2400 Flish-ranor 3.573
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REZULTATET E INVERSIONIT GJEOTERMAL NE PUSIN KOLONJA-10 PER
VLERESIMIN E PERCJELLSHMERISE TERMIKE TE PRERJES GJEOLOGJIKE
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LEGJENDE
LEGEND

Kredite pér ilustrimet
Hlustration Credists

Fletal-a. Harta skematike e subduksionit té pllakés afrikane nén até té Euroazisé.(Sipas Ricou, El.-1986).
Plate 1-a. Schematic Map of African Plate Subduction under the Euroasiatic one. (After Ricou, El."1986).

Fleta 1-b. Struktura e Kores sé Tokés dhe e Mantelit té sip&rm, sipas studimeve sizmologjike (T& dhénat
sipas Kogiu S., 1989).

Plate 1-b. Geologic structure of Earth’s Crust and Upper Mantle based on seismological studies (data taken
from Kogiu S. 1989).

Fleta 1-c. Skema tektonike e Shqipérisé. [sipas Hartés Tektonike t& Shqipérisé, Shkalla 1:200 000, 1985].
Plate 1-c. Tectonic Scheme of Albania. [After Tectonic Map of Albania, Scale 1:200 000, 1985].

Fleta 2. Harta e anomalive té gravitacionit, né reduksionin Buge. (Bushati S., 1988)
Plate 2. Bouguer Gravity Anomalies Map. (Bushati S., 1988)

Fleta 3: Harta e fushés magnetike totale. (Bushati S., 1997)
Plate 3. Total Magnetic Field Map. (Bushati S., 1997)

Fleta 4-a. Profili gjeologo-gjeofizik Albanid-1: Falco né detin Adriatik-Durres-Tirané- Peshkopi. (Té dhénat e
gravitacionit pér detin Adriatik sipas Richetti, 1980).

Plate 4-a. Geological-geophysical profile Albanid-1: Falco Adriatic Sea- Durrés-Tirana- Peshkopi. (The gravity
data for the Adriatic Sea after Richetti, 1980).

Fleta. 5. Prerje sizmike né zonén Jonike dhe né 'Ultésirén Pranadriatike: [Frasheri A., Bushati-S:; Bare V.,
2003].

Plate 5. Reflection seismic line in lonian and Peri-Adriatic Depression. [Frasheri A., Bushati.S:, Bare V.,
2003].

Fleta 15-d. Ndikimi i trysnisé mbinormale né fushén e temperaturés. (Lico R. etj.*1998).

Plate 15-d. Overnormal pressure influence on temperature field. (Lico R. et al. 1998).

Fleta 18. Harta e burimeve gjeotermale dhe e epigendrave té térmeteve. (Té dhénat sizmologjike sipas
Sulstarova E. etj. 1972).

Plate 18. Geothermal Springs and Earthquakes Epicentres Map. (Sejsmological data after Sulstarova E. at al.
1972).

Fleta 19. Harta e burimeve gjeotermale dhe e izoseisteve té térmeteve. (Té dhénat sizmologjike sipas
Sulstarova E. etj. 1972).

Plate 19. Geothermal Springs and Earthquakes Isoseistes Map. (Sejsmological data after Sulstarova E. at al.
1972).
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Fleta 21-b. Foto: Pusi gjeotermal Kozani-8. (Arjan Gage).
Plate 21-b. Photo: Geothermal Well Kozani-8. (Arjan Gage).

Fleta 22-a. Skemé topografike, zona e burimeve gjeotermale Llixha Elbasan. (Avgustinsky V.L. 1957)
Plate 22-a. Topographic Sketch, Water place of Llixha Elbasani. (Avgustinsky V.L. 1957)

Fleta 23-a. Harta tektonike e'zonés 'sé burimeve gjeotermale Bénjé-Postenan- Sarandaporo. [Harta Tektonike
e Shqipérisé, Shkalla 1:200000, 1985].

Plate-23-a. Tectonic Map, Geothermal Sources field B&njé-Postenan-Sarandaporo. [The Tectonic Map of
Albania;.Scale 1:200 000, 1985]

Fleta 26-a. Harta gjeologjike e zonés gjeotermale Peshkopia. [Harta Tektonike e Shqipérisé, Shkalla 1:200
000, 1985].

Plate 26-a. Geological Map, Peshkopia Geothermal Zone. [The Tectonic Map.of Albania, Scale 1:200 000,
1985].

Fleta 27-b.Ngarkesa vjetore e energjise elekirike me dhe pa ngrohjen, 1999. (Agjencia Kombétare e

Energjisé).
Plate 27-b.Yarly Electric Power with or withou heating, 1999. (National Agency of Energy].
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KATALOGU U NUMRIT TE PUSEVE QE JANE PERSHIRE NEALTAS
CATALOG OF THE NUMBER OF THE WELLS & BOREHOLESINVOLVED IN ATLAS

Numri i
pusit ng Emri i pusit Thellgsia Shénime
harte Well name Depth Remarks
Marks of (m)
the well in
the map
1 Vermoshi 1 500
2 Ragam 168 268
3 Pacaj 25 155
4 Kepenik 30
5 Z0gaj 179
6 Vlahne 1127 300
7 Qafe Morine 2 Vrojtuar pér studimin e ndikimit té klimés
It is measured only for the clime influence study
8 Gjegjan 2/90 290
9 Tarabosh 1 490
10 Palaj 967 340
11 Palaj 1007 355
12 Bicaj 1 178
13 Bicaj 2 85
14 Gojanas 194 155
15 Fushearez 50 Vrojtuar pér studimin e ndikimit té klimés
It is measured only for the clime influence study
16 Kecel 839 242
17 Dajci 3 30 Vrojtuar pér studimin e ndikimit té klimés
It is measured only for the clime influence study
18 Dajci 2 45 Vrojtuar pér studimin e ndikimit té klimés
It is measured only for the clime influence study
19 Pulaj 2 70
20 Gurth 595 85
21 Rubik 560
22 Gjazhda 48 295
23 Tuturig 13 130
24 Perlat 598 450
25 Patok 18 Vrojtuar pér studimin e ndikimit té klimés
It is measured only for the clime influence study
26 Ishmi 12 2000
27 Ishmi 1/b 2300
28 Shkoza 1 3300
29 Durres 15 1900
30 Rinas 1 31 Vrojtuar pér studimin e ndikimit té klimés
It is measured only for the clime influence study
31 Lanabregas 2 1900
32 Rinas 2 27 Vrojtuar pér studimin e ndikimit té klimés
It is measured only for the clime influence study
33 Qafebuall 19 Vrojtuar pér studimin e ndikimit té klimés
It is measured only for the clime influence study
34 Bulgize 810
35 Krasta 1 150
36 Krasta 2 110
37 Thekna 547 380
38 Fushe lop 413 90
39 Kryevidh 5 2800
40 Kryevidh 2 2600
41 Kr 18 1510
42 Kr 16 1570
43 Kozan 8 1800
44 Ballaj 33 1400
45 Ballaj 50 1200
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46 Ballaj 14 1000
47 Ballaj 111 1000
48 Ballaj 4 3300
49 Peqini 2 2600
50 Papri 1 3000
51 Divjaka 6/b 2900
52 Divjake 265 640
53 Divjake 11 3400
54 Divjake 21 3200
55 Divjake 33 2800
56 Kemishtaj 1 3500
57 Garrunjas 1 3100
58 Pekisht 30 1500
59 Dumre 7 6000
60 Grekan 4 3500
61 Galigat 2 2900
62 Plashnik 86 180
63 Ardenice 3 2500
64 Ardenice 12 3000
65 Ardenice 18 6700
66 Seman 1 2100
67 Kolonje 10 3200
68 Bubullime 5 2420
69 Bubullime 6 2600
70 Bubullime 559 2900
71 Arza 31 820
72 Kucova 5 2200
73 Kucova 8 1500
74 Kucova 554 1500
75 Gorraj 1 2200
76 Blin 1 2800
77 Poshnja 7 1000
78 Povelca 3 2000
79 Povelca 6 2500
80 Povelca 33 1940
81 Krapsi 7 1800
82 Marinza 1 1600
83 Kogar 660 1600
84 Pat 79 750
85 Visoke 101 1900
86 Visoke 661 1400
87 Visoke 89 1400
88 Frakull 40 1800
89 Frakull 41 2600
90 Frakull 44 2700
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91 Frakull 55 4000
92 Kreshpan 3 3780
93 Cakran 12 3220
94 Ballsh 3 2100
95 Ballsh 4 1800
96 Cakran 17 3900
97 Cakran 29 2000
98 Bregas 4 3100
99 Ballaj 131 1340
100 Ballsh 27 3300
101 Mollas 13 3400
102 Mollas 17 3200
103 Mollas 31 3340
104 Mollas 6 2900
105 Mollas 8 3500
106 Grekan 6 1700
107 Selishte 4 2900
108 Palshnik 1 3500
109 Prishta 1 210
110 Prishta 14 1700
11 Zvernec 3 4100
112 Vlora 2 2300
113 Viora 9 2400
114 Viora 10 5000
115 Koculi 1 1900
116 Goraj 11 1200
117 Gorisht 103 1000
118 Kushtaj 2 1400
119 Gernec 7 2000
120 Gernec 16 2100
121 Rexhepaj 4 2000
122 Hysoverdhe 1 3400
123 Amonice 8 2700
124 Golimbas 1/b 3010
125 Amantia 1 3900
126 Memaliaj 2b 2900
127 Rehove 308 100
128 Rehove 348 50

129 Rehove 736 187
130 Oprenje 140
131 Nokova 1 2000
132 Erindi 2 1200
133 Sasaj 1 3100
134 Delvine 4 3600
135 Vana 2 3400
136 Vurgu 30 470
137 Vurgu 31 2100
138 Vurgu 57 1700
139 Vurgu 67 2000
140 Vurgu 14 2100
141 Kalcat 3 2100
142 Butrinti 1 3900
143 Palaj 6 1200
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Figura 1

DETILi ZI
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Basanet ogeande e sotme
Present Oceanic Basins

Kufijté & ogeanit mesozoik
SE Boundaries of Mesozoic Oceans

Kufijté e ogeanit mesozoik dhe
8 ' 12 napés kryesore ofiolitike
Boundaries of Mesozoic Oceans
4 | and Main Ophiciitic Mappes
Hullite & subduksionit 18 kaluar dhe sotém
? Troughs of Present and past

Harta skematike e subduksionit té pllakés afrikane nén até té Evroazisé.
1- Kontinenti evro-aziatik; 2- Kontinenti afrikan; 3- Blloku i Kishir-it; 4- Basenet Ogeanike té
sotme; 5- Kufinjté e ogeanit mesozoik; 6- Kufinjté e ogeanit mesozoik Ocean dhe napés
kryesore ofiolitike; 7- Hullité e subduksionit t& sotém dhe té kaluar.

Schematic Map of African Plate Subduction under the Euroasiatic one
1- Euro-Asiatic Continent; 2- African continent; 3- Kishir block; 4- Presents

Oceanic Basins; 5- Boundaries of Mesozoic Oceans; 6- Boundaries of

Mesozoic Ocean and the Main Ophiolitic Nappes; 7- Troughs of present and

past subduction.
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Fleta 1-a. Struktura e Kores sé Tokés dhe e Mantelit té sipérm, sipas
studimeve sizmologjike.

Plate 1-a. Geologic structure of Earth’s Crust and

Upper Mantle based on seismological studies.

Fleta 1-b. Skema tektonike e
Shqipérisé.
Plate 1-b. Tectonic Sketch of Albania.
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Fleta 2/Plate 2
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Harta e anomalive té gravitacionit né reduksionin Buge.
Bouguer Gravity Anomalies Map

93



ATLASI | BURIMEVE TE ENERG]JISE GJEOTERMALE NE SHQIPERI

Fleta 3/Plate 3
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i TETTE

Fleta 4/Plate 4

w

| 278 | 11
so0°c| 12
R
Als | 14
aT |15

Fleta 4-a. Profili gjeologo-gjeofizik Albanid-1: Falco né detin Adriatik-Durres-Tirané-Peshkopi

1. Pliocen, 2- Miocen i poshtém-flishi i paleogjenit; 3- Gelgeroré mesozoiké Mz; 4- Shkémbinj ultrabaziké;
5- Kripéra; 6- Bazamenti kristalin; 7- Kore bazaltike; 8 - Manteli 9- Kufiri MOHO; 10- Thyerje e thellé; 11- Dendésia,
glcm?®; 12- Temperatura, °C; 13-Pus i thellé; D G,-Anomalia Buge; DT-Anomalia e fushés totale magnetike; g- Dendésia e

fluksit t& nehtésisé.

Plate 4-a. Geological-geophysical profile Albanid-1: Falco Adriatic Sea- Durrés-Tirana-Peshkopi

1-Pliocene, 2- Lower Miocene - Paleogenic flysch section; 3- Mesozoic limestone Mz;4- Ultrabasic rocks; 5-
Salt; 6- Crystal Basement; 7- Basalt Crust; 8 - Mantle 9- MOHO Discontinuity; 10- Depth up - disjunctive
tectonic; 11- Density, g/cm? 12- Temperature, °C; 13- Deep well; DG,- Bouguer Anomaly; DT- Total Magnetic

Field Anomaly; g- Heat Flow Density.
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Fleta 4-b. Profili gjeologo-gjeofizik
Shkodér-Kukés.

1. Shkémbinj efuzivé; 2- Shkémbinj
ultrabaziké; 3- Gabro; 4- Formacion
sedimentar; 5- Tektoniké shképutése.

Plate 4-b. Geological-geophysical
Shkodér-Kukés profile.

1. Effusive rocks; 2- Ultrabasic
rocks; 3- Gabbro; 4- Sedimentary
formation; 5- Disjunctive tectonics.
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Fleta 7
Plate 7
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Fleta 8-b. Termograma e ligenit té Ohrit, zona Piskupat.
Plate 8-b. Termolog of the Ohrit Lake, Piskupat zone.

-35

Fleta 8-a. Termograma té pusit Rinasi-1.
Plate 8-a. Thermolog of Rinasi-1 borehole.

Fleta 8-c. Termograma e ligenit té€ Ohrit, zona Guri i Kugq.
Plate 8-c. Termolog of the Ohrit Lake, Guri Kuq zone.
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Temperature Map at the depth 3000m
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Fleta 14\ Plate 14
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Fleta 14-a. Profili gjeotermal Divjaké. Fleta 14-b. Profili gjeotermal Kolonjé.
Plate 14-a. Geothermal Profile Divjaké. Plate 14-b. Geothermal Profile Kolonjé.
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Fleta 14-c. Profili gjeotermal Balish.
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Plate 14-c. hermal Profile Ballsh.

ate 14-c. Geothermal Profile Balls Flish, Flysch Pg,
Gélgeroré, Limestones T,, J, Cr. Pg, ,
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Fleta 15-a. Profili gjeotermal Papér.

Legjenda si né Fletén 14.

Plate 15-a. Geothermal Profile Papér.

Legend: See Plate 14.
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Fleta 15-c. Koloné gjeotermale Povelgé.

| Permbajiae Rerés 1%
| Sand Content 1%

| Pambajtia e Rérés 65%
| Sand Content 65%

Plate 15-c. Geothermal Column Povelga

Fleta 15\ Plate 15
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Fleta 15-b. Profili gjeotermal Kalcat.

Legjenda si né Fletén 14.

Plate 15-b. Geothermal Profile Kalcat.
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Legend: See Plate 14.
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Fleta 15-d. Ndikimi i trysnisé mbinormale né
fushén e temperaturés®.

1. Temperatura, °C; 2- Resistenca e dukshme, x10-" Ohmm;
3- Presioni, Mpa; 4- Ndryshimi i diametrit t& pusit, %;
TM- tavani i zonés me trysni mbinormale.

Plate 15-d. Overnormal pressure influence on
temperature field*.

1. Temperature, oC; 2- Resistivity, ¥'>1 Ohmm, 3- Pressure,
Mpa; 4- Change of the well diameter, in %, TM- Top of the
overnormal pressure zone.
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Fleta 17
Plate 17
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Fleta 19
Plate 19
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Goethermal Springs and Earthquakes Isoseistes Map
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Fleta 20
Plate 20
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Harta e zonés gjeotermale Kruja (pjesa veriore)
Kruja geothermal Zone Map (Northern Part)
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Fleta 21\ Plate 21

Fleta 21-a. Foto: Pusi
gjeotermal Ishmi 1/b.

Plate 21-a. Photo:
Geothermal Well Ishmi 1/b.

Fleta 21-b. Foto: Pusi gjeotermal
Kozani-8.

Plate 21-b. Photo: Geothermal Well
Kozani-8.
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Fleta 22\ Plate 22

- \
o 10 30m
—

PRERJE TERTHORE
CROSS SECTION

o Fleta 22-a. Skemé topografike, zona e
A burimeve gjeotermale Llixha Elbasan.
B —\\ A 1- Olistolit gélgeror; 2- Argjila; 3- Konglomerate; 4-
b \-\ b T Shkémbinj t&€ kaolinizuar ;5- Burim termal.
- N \_\ \.\\ \\'.
o A ; A Plate 22-a. Topographic Sketch, Llixha
e ol — e Elbasani Geothermal Area.
BN 2 i - B * 5 1- Calcolistolith; 2- Shale; 3- Conglomerate; 4- ; Kaolinized

rocks 5- Thermal source.

Fleta 22-b. Foto: Zona e burimeve
gjeotermale, Llixha Elbasan.

Plate 22-b. Photo: Llixha Elbasani
Geothermal Area.
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Fleta 23\ Plate 23

~r 9 T TN g 12 & 13

Fleta 23-a. Harta tektonike e zonés s€ burimeve gjeotermale Bénjé-Postenan-Sarandaporo.
Plate 23-a. Tectonic Map, Geothermal Sources field Bénjé-Postenan- Sarandaporo.

Fleta 23-b. Foto: Burimet gjeotermale Bénjé, lumi i
Langaricés, Pérmet

Plate 23-b. Photo: Geothermal Springs Bénjé, Langarica
River, Pérmet
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Fleta 24\ Plate 24

Fleta 24-a. Foto: Tektonika né zonén e burimit té avullit, Mali i
Postenanit, Leskovik.

Plate 24-a. Photo: Tectonic Fault at Steam Springs Area, Postenani
Mountain, Leskovik.

Fleta 24-b. Foto: Thyerja tektonike nga buron avulli, Postenan.
Plate 24-b. Photo: Steam Discharge Tectonic Fault, Postenan.

Fleta 24-c. Foto:Zona e burimevet
gjeotermale, Sarandaporo, Leskovik.

Plate 24-c: Photo: Geothermal Springs
Area, Sarandaporo, Leskovik.
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Thellésia e tavanit t& rezervuarit nga kufijte sizmiké  Harta tektonike, zona e Ardenicés
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Harta e zonés gjeotermale Ardenica
Map of Ardenica Geothermal Zone
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Fleta 26\ Plate 26

Harta gjeologjike e zonés

gjeotermale Peshkopia.
1. Sedimente terrigjene t& metamorfizuar, me
ndérthurje vullkanogjenésh, t& moshés
ordovician-devonian; 2- Depozitime evaporitike
triasike; 3- Formacione té tektonogjenezés té
jurasikut t& vonshém: karbonate (T, dhe T,-J)
dhe konglomerate té serisé verukano (P-T,); 4-
Formacioni efuziv-sedimentar (T, ); 5- Flishi i
hershém (J,-Cr,*"); 6- Formacioni flishor i
eocenit t& sipérm-oligocenit t& poshtém (Pg,*-
Pg,"); 7- Ranoré-konglometate-mergele té
pliocenit t& vonshém-kuaternarit (N,-Q, ,); 8-
Burime termale;
9- Kufiri i diapirit evaporitik.

FYR of MAKEDONIA

Geological Map, Peshkopia

Geothermal Zone.

1 -Ordovician-Devonian metamorphosed
terrigenous sediments with volcanic intercala-
tions;2- Evaporite deposits (T); 3- Late Jurassic | PRERJE TERTHORE
tectogenesis formation: Carbonate (T,and T,-J) | CROSS SECTION
and Conglomerate of Verucano Serie (P-T,) ; 4- A S e
Volcanosedimentary formation (T, ,); 5- Early e = =
Flysch (J1-Cr2em); 6- Upper Eocene - Lower
Oligocene (Pg,*-Pg,') Flysch; 7- Late Pliocene-
Quaternary sandstone-conglomerate-marls etc.
Deposits; 8- Thermal water springs; 9- Bound-
aries of salt domal structures (evaporites).

Fleta 26-b. Foto: Zona Gjeotermale Peshkopia, Pérroi i
Banjés, Peshkopi.

Plate 26-b. Photo: Peshkopia Geothermal Zone, Banja
Torrent, Peshkopi.
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Fleta 27\ Plate 27

o e -underﬂoclr heating
ngrohje nén dysheme

heat pump

pompé nxehtésie wertical kémbyes
e rth  yehtésie
ea .
probe Vertikal

Fleta 27-a. Sistemi kémbyes vertikal nxehtésie-
pus- pompé gjeotermale nxehtésie pér ngrohjen
e godinave.

Plate 27-a. Space heating Borehole Vertical Heat
(Hopkitk et al 1988) Exchanger-Geothermal Heat Pump System.
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. Ngarkesa e ngrohjes: (1375 GWh ose 23.8% e totalit) . Heating Power, 1375 GWh, 23.8% of the total
[l Ngarkesa mesatare pa ngrohje: (4400 GWh ose 76.2% e totalit) Il Average Power without heating, 4400 GWh

Fleta 27-b. Ngarkesa vjetore e energjise elektrike me dhe pa ngrohjen, 1999.
(Agjencia Kombétare e Energjisé).

Plate 27-b. Yarly Electric Power with or withou heating, 1999.
(National Agency of Energy].
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Qendrat Balneologjike Hotel Park, Balneological Center Park Hotel , Elbasan

Qendrat Balneologjike, Balneological Center, Peshkopi.
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Fleta 29\ Plate 29

Hotel Hydrat né Elbasan

Sarandaporo (né rikonstruksion).

Qendrat Balneologjike Hydrat né Elbasan dhe Sarandaporo (né rikonstruksion).
Balneological Centres Hydrat Hotel-Elbasan and Sarandaporo SPA (in reconstruction).
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Fleta 30
Plate 30

Kozan

Llixhat Elbasan

Impakti mjedisor nga derdhja e ujerave termale
Environmental impact from thermal waters discharge
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CIP Katalogimi né botim BK Tirané

Atlasi i burimeve té energjisé gjeotermale né Shqipéri:
monografi = Atlas of the geotermal resources in Albania /
Alfred Frashéri, Vladimir Cermak, etj. : red. Tatiana Cenko.
Tirané; Akademia e Shkencave, 2004.

1221.:meil.; 20,7x27,7 cm. - (R SH Akad. e Shkencave)
ISBN 9994 3-630-2-6

|. Frashéri, Alfred et;.
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Tirazhi: 160 Kompakt Disge (CD), 15 kopje té printuara
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Tempearatura B5.5°C
Prurja 10.3 s
Kapaciteti 1.63 MWt
Rezerva specifike 38.6 GJim2
Fugia e instaluar 2070 kW

ZONA
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KOZAN

Energjia @ humbur pér rendiment 0.6
éshté 253 Milion kWh -~ 20 Milion USD

NJEREZ !
Mos e hidhni kété pasuri né lumé





