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EVOLUCIONI | STUDIMEVE TE NANOFOSILEVE GELQERORE
NE SHQIPERI

MADALINA — ELENA KALLANXHI*"

1Shérbimi Gjeologjik Shqiptar, Rruga Zef Serembe, Tirané, Shqipéri
*Autori korrespondent: madalina_kallanxhi@yahoo.com
(Doréshkrim i dorézuar né gusht 2023; i pranuar pér botim né néntor 2023)

ABSTRAKT

Nanofosilet gélgerore jané mbetje gélgerore qé i pérkasin algave Haptophyte dhe pér-
faqgésojné njé nga grupet mé té pérhapura né ogeanet aktuale dhe né té dhénat fosile.
Pér shkak té bollékut té tyre té larté dhe pérdorimit té lehté té tyre, nanofosilet jané
njé mjet i miré pér biostratigrafiné, kérkimin e hidrokarbureve dhe kérkimin shkencor.
Ky punim paraget evolucionin e studimeve té nanofosileve gélgerore né Shqipéri, duke
nisur qé nga pérfshirja e tyre si njé metodé e re mikropaleontologjike nga Instituti i
Naftés dhe Gazit Fier né vitin 1982. Studimi i nanofosileve gélgerore shtrihet né njé in-
terval prej rreth 16 vitesh dhe ka gené njé nga shtyllat kryesore né fushén e kérkimit té
hidrokarbureve né até kohé. Ky doréshkrim nxjerr né pah rezultatet mé té réndésishme
té arritura né biostratigrafiné e nanofosileve gélgerore, duke filluar nga viti 1982 e deri
mé sot. Zonat qé kané gené subjekt i punimeve kérkimore kané qené Ultésira Adria-
tike dhe Zona Jonike, nga ku u pérshkruan disa biozona gé i pérkasin erés Kenozoike.
Studimet mé té fundit mbi sedimentet molasike té Ultésirés Shqgiptaro — Thessaliane
pérmirésojné kuadrin e pérgjithshém biostratigrafik dhe nxjerrin té dhéna té reja mbi
paleoekologjiné dhe paleomjedisin e nanofosileve gélgerore.

Fjalé kyge: historiku i nanofosileve gélgerore, biostratigrafi, mikropaleontologji, Shqg-

ipéri.

HYRJE

Studimi i nanofosileve gélgerore
éshté njé degé e réndésishme shken-
core né mikropaleontologji dhe bio-
stratigrafi, dhe ka zbatueshméri né
industriné e hidrokarbureve dhe ga-
zit. Réndésia e tyre biostratigrafike u
vu re dhe u bé e njohur pér heré té
paré rreth vitit 1950 dhe filloi me stu-
dime té ndryshme té depozitimeve
Kenozoike (Bown & Young 1998).

Grupi i nanofosileve gélgeroré shtri-
het né njé hapésiré kohore nga Triasi-
ku i vonshém deri né kohét e sotme,
dhe pérfshin mikrofosilet e pérbéra
prej karbonatit té kalciumit, me mad-
hési mé té vogél se 63 um (mikron),
duke pérjashtuar copat dhe format
e fosileve té reja. Si grup i pérkasin
Coccolithophoreve  (ndarja  Hap-
tophyta; Lohmann 1902), dhe sipas
morfologjisé, ményrés sé formimit
dhe fazave té cikleve jetésore, mund

1Shérbimi Gjeologjik Shqiptar, Tirané
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té ndahen né: heterokokolité, holo-
kokolité dhe nanolite (Braarud et al.
1955a, 1955b.; Young et al. 1994,
1999). Ky grup shfaq njé shpérndarje
biogjeografike mé té larmishme né
gjerésité e uléta, ndérsa nuk gjendet
mbi 70° né gjerésité mé té larta. Ato
mund té gjenden né mjedise eutro-
fike, mezotrofike dhe oligotrofike
dhe shpérndarja e tyre né mbaré
botén lidhet me temperaturén e ujit
té detit, shpérndarjen e Iéndéve ush-
gyese, qarkullimin e rrymave ogean-
ike, rrymat e fundit ogeanike dhe
pérzierjen sezonale té shtresave té
ujit, kripésiné dhe pérmbajtjen e kar-
bonateve né ujé et;j.

Gjaté dekadave té fundit, jané
mbledhur té dhéna té réndésishme
gé kané té béjné me depozitime
tokésore dhe ogeanike nga e gjithé
bota dhe jané pérpiluar dhe pérmiré-
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suar disa skema biostratigrafike, si
pér epokén Mesozoike ashtu edhe
pér até Kenozoike. Biostratigrafia me
bazé nanofosile gélgerore, sot pér
sot éshté pérmirésuar me futjen dhe
mbéshtetjen e metodave té ndry-
shme, si: magnetostratigrafia, ciklos-
tratigrafia, stratigrafia izotopike dhe
krahasimi me grupe té tjera mikro-
fosile. Bashkérendimi i té gjitha ké-
tyre metodave dhe té dhénave lejoi
njé biokronologji dhe njé saktésim
mé té miré té ngjarjeve té nanofosi-
leve gélgerore.

Qéllimi i kétij artikulli éshté té nxjerré
né pah njohurité gé jané mbi kété
tematiké né Shqipéri, gé né fillimet e
saj, pér té véné né dukje réndésiné e
nanofosileve gélgerore né industriné

e hidrokarbureve dhe né veprimtari
gé lidhen me hartografimin, sedi-
mentologjiné dhe stratigrafiné.

NDERTIMI GJEOLOGJIK

Studimet e nanofosileve gélgerore
né Shqipéri shtrihen né njé interval
prej rreth 16 vite dhe jané iniciuar
né kuadér té kérkimit té naftés dhe
gazit nga Instituti i Naftés dhe Gazit
Fier (Shqipéri), gjaté viteve '80. Kéto
hulumtime u pérgendruan kryesisht
né depozitimet terrigjene (flishi dhe
molasa) té Zonés Jonike dhe Ulté-
sira Adriatike (Fig. 1), dhe mé pak né
zonat e tjera tektonike si: Mirdita,
Kruja, Sazani, Krasté — Cukali dhe
Ultésira Shqiptaro — Thessaliane.
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i hershém); 7 - Vathi (1987; Paleogjen — Akuitanian); 8 - Cobo (1989; Langhian — Tortonian); 9
- Dalipi & Cobo (1989; né Cobo 1996; Tortonian — Messinian); 10 - Vathi (1989; Oligocen i her-
shém —ivonshém); 11 - Vathi & Budri (1990; Oligocen i hershém —i vonshém); 12 - Cobo (1992;
né Cobo 1996; Burdigalian — Tortonian); 13 - Vathi (1993; Oligocen i vonshém — Burdigalian); 14
- Vathi et al. (1994; Akuitanian — Langhian); 15 - Kumati et al. (1995; né Pashko 2018; Oligocen
i hershém — Miocen i mesém); 16 - Vathi (1995; né Xhomo et al. 2002; Oligocen i vonshém); 17
- Gardin et al. (1996; Tithonian i vonshém — Valanginian i vonshém); 18 - Kumati et al. (1997; Oli-
gocen i hershém — Miocen i mesém); 19 - Vathi & Kumati (1997; Eocen i mesém — Burdigalian);
20 - Vathi (1998a; Rupelian i vonshém — Burdigalian); 21 - Vathi (1998b; Oligocen i hershém
— Miocen i hershém); 22 - Xhomo et al. (2002; Paleocen — Eocen i mesém); 23 - Danelian et al.
(2007; Barremian i vonshém - Cenomanian i hershém); 24 - Kallanxhi et al. (2016; Hatian); 25 -
Kallanxhi & Young (2020; Rupelian i vonshém — Hatian i hershém); 26 — Kallanxhi (2023; Miocen

Figura 1. Studimet e nanofosileve gélgerore né Shqipéri dhe vendodhja e tyre né hartén gje-
ologjike (e rivizatuar sipas Xhomo et al. 2002). 1 - Islami (1982; né Dalipi et al. 1985; Tortonian);
2 - Islami & Prengi (1983; né Cobo 1989; Langhian deri né Tortonian); 3 - Islami & Cobo (1984;
né Cobo 1989; Langhian — Tortonian); 4 - Islami & Cobo (1985; né Cobo 1996; Tortonian — Mes-
sinian); 5 - Cobo (1986; né Cobo 1996; Tortonian — Messinian); 6 - Vathi & Budri (1986; Miocen

i hershém) dhe Kallanxhi et al. (né korrigjim e sipér; Langhian).

Zona Jonike pérfshin depozitime té
moshave duke filluar nga Permiani
deri né Pliocen dhe éshté zhvilluar
gjaté disa fazave (Xhomo et al. 2002;
Aliaj 2012): platformé karbonatike
neritike gjaté Permian — Triasikut,
sedimentim pelagjik duke filluar nga
Doggeri deri né Eocen dhe sedimen-
tim i flishit nga Mioceni i hershém
deri né Mioceni i mesém.

Ultésira Adriatike shtrihet pjesérisht
né pjesét veriore dhe peréndimore
té strukturave té palosura té zonave
Jonike dhe Krujés dhe pérbéhet nga
depozitime molasike me moshé
nga Mioceni i mesém (Serravallian)
deri né Pliocen. Ato jané depozituar
gjaté dy cikleve sedimentare, i pari
éshté cikli i Miocenit té mesém — té
vonshém, dhe i dyti, cikli i Pliocenit.
Cikli i Miocenit i mesém — i vonshém
mbivendoset né ményré transgresive
mbi sedimentet e zonés Jonike.

Sedimentimi brenda ultésirés Shqip-
taro — Thessaliane pérfshin disa cikle
molasike dhe ka filluar gjaté Eoce-
nit t&é mesém duke vazhduar deri né
Miocenin e mesém.

METODOLOGIIA

Nanofosilet gélgerore mund té
studiohen nga shlifet mikropalen-
tologjike duke pérdorur mikroskopin
me drité té polarizuar (Bown & Young
1998), me njé objektiv me vaj (100x)
(dhe njé zmadhim té fushés prej té
paktén 1000x), né fushé té errét e
polarizuar (XPL), né fushé e ndricuar
(BF), nén lente gipsi (GP) dhe faze

kontrasti (PC).

Ndér teknikat mé té zakonshme té
pérgatitjes té preparateve mund té
pérmenden: shlifi i thjeshté, me pi-
peté, sedimentimi me gravitet, cen-
trifugimi dhe mikroskopi elektronik
skanues (SEM). Disa teknika mund té
pérdoren pér analizén sasiore té té
dhénave (studime paleo-ekologjike
dhe paleo-ogeanografike), mon-
timi i preparateve pér kérkime tak-
sonomike dhe shlifi i hollé né shkém-
binj sedimentaré mé té forteé.

Pér mbledhjen e té dhénave (Bown
& Young 1998), mund té pérdoren
metodat e méposhtme: numérimi
gjysmé sasior, numérimi i thjeshté i
sasisé relative, numérimi i zgjeruar,
numérimi pér njési/sipérfaqe, lloga-
ritja e sasisé absolute, numérimi i
kurthit té sedimentit dhe analiza e
ruajtjes. Numérimi dhe pérgindjet e
specieve mund té trajtohen né pro-
grame té ndryshme statistikore.

Pér sa i pérket taksonomisé dhe bio-
stratigrafisé standarde té nanofosi-
leve gélgerore, duhet pérmendur se
ka disa skema rajonale dhe globale té
cilat ndahen sipas intervalit kohor té
studiuar dhe rajonit ku béhet studimi
etj.

Né Shqipéri, pér faktin se pjesa mé
e madhe e studimeve jané béré mbi
depozitime Kenozoike, skemat krye-
sore standarde biostratigrafike té
pérdorura pér krahasim nga studi-
uesit shqiptaré kané gené ato té:
Martini (1971; profile tokésore nga



Bul. Shk. Gjeol. (Nr. 1/2023)

Kallanxhi M-E.

zonat me gjerési té ulét), Okada &
Bukry (1980; shpime oqgeanike) dhe
Theodoridis (1984; nga zona e Mes-
dheut). Né kéto skema, zonat pér-
caktohen nga shfagja (FO — first oc-
curence — shfagja) dhe zhdukja (LO —
last occurence — zhdukja) e specieve
treguese, t&€ mbéshtetura edhe nga
disa ngjarje té tjera dytésore.

Né 50 vitet e fundit, biostratigrafia
Kenozoike éshté pérmirésuar me stu-
dime dhe té dhéna té reja, si: Young
(1998; intervali i Miocenit té her-
shém deri né té mesém né gjerési té
mesme dhe té larta), Backman et al.
(2012; Miocen), Agnini et al. (2014;
pér Oligocenin né zonat me gjerési
té ulét deri né mesatare), Kaenel et
al. (2017; shpime ogeanike) etj. Disa
nga studimet qé sollén kontribute té
réndésishme né skemat standarde
Mesdhetare jané: Fornaciari & Rio
(1996), Fornaciari et al. (1996), Di
Stefano et al. (2008), Di Stefano et al.
(2011), laccarino et al. (2011), Turco
et al. (2011) et;j.

Pér gjerésiné gjeografike té ulét dhe
té mesme, Backman et al. (2012)
dhe Agnini et al. (2014) pérdorin
kodet CNO (Nanofosile Gélgerore
Oligocene — Calcareous Nannofos-
sil Oligocene) dhe CNM (Nanofosile
Gélgerore — Calcareous Nannofossil
Miocene) pér secilén seri, dhe njé
numér pér ¢do biozoné. Karakter-
izimi i biozoneve té tyre bazohet né
konceptet e méposhtme: fillimi (B),
Fillim i pérbashkét (Bc), Tavani (T),
Tavani i pérbashkét (Tc) dhe mbiven-
dosja (X) e njé specie té caktuar.

Zonimi i Mesdheut ka njé qasje té
ndryshme dhe éshté zhvilluar né
bazé té analizave sasiore dhe ndry-
shimeve né abondancén e specieve
udhéhegése, sé bashku me shfagjet
dhe zhdukjet e tyre. Terminologjia
e pérdorur pér kodimin e zonave
né zonat Mesdhetare éshté si mé
poshté: MNP (Nanoplankton Pa-
leogjen Mesdhe — Mediterranean
Nannoplankton Paleogene), MNN
(Nanoplankton Neogjen Mesdhe —
Mediterranean Nannoplankton Neo-

gene), TRZ (Zoné me Interval té ploté
— Total Range Zone), PRZ (Zoné me
Interval jo té ploté — Partial Range
Zone), IZ (Zoné Intervali), FCO (Shfag-
ja e pérbashkét dhe e vazhdueshme
— First Common and Continuous Oc-
currence), LCO (Zhdukja e pérbashkét
dhe e vazhdueshme — Last Common
and Continuous Occurrence), AB (fil-
limi i abondancés — Acme Beggin-
ing), PB (para fillimit i abondancés —
Para — Acme Beggining) dhe PE (para
mbarimit i abondancés — Para-Acme
Ending).

Informacion né lidhje me kété grup
mikrofosil mund té gjendet edhe né
fagen e internetit Nannotax3 (http://
www.mikrotax.org/Nannotax3).

REZULTATET DHE DISKUTIMI

Studimet e para biostratigrafike té
bazuara né nanofosile gélgerore nga
Shgipéria dhe zbatueshméria e tyre
né biostratigrafi datojné qé né vitin
1982. Shumica e kétyre studimeve
jané ndérmarré né kuadér té kér-
kimit té naftés dhe gazit té kryer nga
Instituti i Naftés dhe Gazit (Fier, Shg-
ipéri), dhe njihen kryesisht nga Ulté-
sira Adriatike (UA), Zona Jonike (loZ),
Zona e Krujés (KrZ), Zona e Sazanit
(SZ) dhe mé pak nga Ultésira Shqip-
taro — Thessaliane (ATHB).

Zbatueshméria e nanofosileve
gélgerore né industriné e naftés dhe
gazit pérmendet pér heré té paré nga
Kici (1974), i cili dha vetém njé in-
formacion té pérgjithshém mbi kété
tematiké, pa té dhéna specifike kérki-
more. Studiuesit e paré gé studiuan
kété grup mikrofosil kané gené Islami
(1982) dhe Islami & Prengi (1983). Ata
kané studiuar depozitimet e Mioce-
nit nga UA dhe kané caktuar moshén
e kétyre sedimenteve si Langhian —
Tortoniane. Zonat e identifikuara prej
tyre kané gené: zona Sphenolithus
heteromorphus, zona Discoaster exi-
lis, zona Discoaster kugleri, zona Dis-
coaster calcaris dhe zona Discoaster
quinqueramus (Helvetian — Tortonian
i hershém).
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Nga e njéjta zong, Islami & Cobo
(1984) kané pérmendur gjetjet e
para né lidhje me linjat evolutive
té specieve té Miocenit qé i pérka-
sin grupit Discoaster exilis. Ata kané
pérshkruar disa biozona pér interva-
lin Langhian i hershém — Tortonian,
nga prerjet e UA, duke pérmendur
praniné e gjinisé Ceratolithus, mé
sakté té species marker Ceratolithus
tricorniculatus, gé tregon moshén
Tortoniane e vonshme. Zonimet e
pérshkruar prej tyre pérfshijné: zo-
nén Sphenolithus heteromorphus,
zonén Discoaster exilis, zonén Dis-
coaster kugleri, zonén Discoaster
calcaris, zonén Discoaster quinquera-
mus dhe nénzonén Ceratolithus tri-
corniculatus.

Islami & Cobo (1985) kané dhéné
informacion shtesé mbi shtrirjen ko-
hore té nénzonés Ceratolithus tricor-
niculatus, duke vendosur pér heré
té paré né Shqipéri, kufirin Messin-
ian/Pliocen bazuar né nanofosile
gélgerore. Ata ristudiuan disa kampi-
one té prerjes Rrogozhina, qé pérm-
banin bashkéshogérime té pranuara
mé paré si pjesé e zonave Sphenoli-
thus heteromorphus, Discoaster exilis
dhe Discoaster kugleri (Langhian deri
né Serravallian), dhe ripércaktuan
pjesén e poshtme té kétij profili si
moshé Tortoniane e mesme e zonés
Discoaster calcaris. Nga depozitimet
Tortonian — Messiniane té UA né
shpimet Frakull — Seman — Ardenicé
— Divjaké, Cobo (1986) pérshkroi
bashéshoqgérime gé i pérkasin zonés
Discoaster quinqueramus.

Sedimentet flishore té Zonés Jonike
u studiuan nga Vathi (1985) i cili pér-
caktoi disa biozona me nanofosile
gélgerore. Vathi & Budri (1986) kané
studiuar depozitimet e Miocenit
té poshtém nga zona e Kurveleshit
dhe kané pérmendur zonat Helico-
sphaera carteri dhe Helicosphaera
scissura. Kufiri Paleogjen/Neogjen né
Zonén Jonike u vendos né shfagjen
e species Helicosphaera carteri né
prerjet Aranitas dhe Lapardha (Vathi
1987).

Né depozitimet e Miocenit té UA,
disa biozona dhe ngjarje té nano-
fosileve gélgerore jané pérmendur
nga Cobo (1989; Langhian né Tor-
tonian), si mé poshté: zona Sphe-
nolithus heteromorphus (né prerjet
Ndrog, Ngjegar, Lushnjé), zona Dis-
coaster exilis (prerjet Ndroq, Ngjegar,
Lushnjé, Zvérnec), zona e Discoaster
kugleri (prerjet Ndrog, Lushnjé, Zvér-
nec), zona Discoaster calcaris (Ndroq,
Rrogozhing, Bishti i Pallés, Kavajé,
Patos + puset né Zvérnec), zona Dis-
coaster quinqueramus (prerjet dhe
puset Rrogozhina, Bishti i Pallés, Ka-
vaja, Patos) dhe zona Ceratolithus tri-
corniculatus (prerja Kavajé).

Hulumtimet e kryera nga Dalipi &
Cobo (1989) mbi depozitimet Torto-
nian — Messiniane nga UA, kané dhé-
né informacione té reja mbi praniné
dhe diapazonin e specieve Discoaster
surculus, Discoaster neorectus dhe
Discoaster subsurculus.

Njé studim mé i gjeré mbi depoziti-
met e flishit Oligocenik té Zonés Jon-
ike (prerjet Aranitasi, Saranda, Be-
rati dhe Tomorri) u botua nga Vathi
(1989), i cili zbuloi bashkéshogérime
té nanofosileve gélgerore qé i pér-
kasin zonés Helicosphaera reticulata
dhe dy nénzonave té saj: nénzona
Ericsonia subdisticha s.l. (LO e Dis-
coaster barbadiensis & D. saipanen-
sis deri né mbarimin e acme té Er-
icsonia subdisticha s.l.; sensu lato
— kuptim té gjeré) dhe nénzona He-
licosphaera recta (mbarimi i acme té
Ericsonia subdisticha s.|. deri né FO e
Cyclicargolithus abisectus). Nga pre-
riet Aranitasi dhe Saranda pérmen-
den zonat Sphenolithus predistentus
(FO e Cyclicargolithus abisectus — FO
e Sphenollithus ciperoensis; kufiri i
poshtém i ndryshuar; Vathi 1985) té
moshés Rupeliane dhe Sphenolithus
distentus (FO e Sphenolithus ciper-
oensis — LO e Sphenolithus disten-
tus) me moshé Rupelian — Oligocen
i hershém. Zona Sphenolithus ciper-
oensis (LO e Sphenolithus distentus
— LO e Sphenolithus ciperoensis; ku-
firi i sipérm i ndryshuar) éshté pér-
mendur nga prerjet e Aranitasit dhe
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Sarandés, ndérsa zona Sphenolithus
delphix (LO e Sphenolithus ciperoen-
sis — FO e Helicosphaera carteri; e
modifikuar kété vepér) nga prerjet e
Aranitasit, Sarandés, Beratit dhe To-
morrit. Kéto dy zonat e fundit i pér-
kasin katit Hatian.

Ky studim ka pérshkruar njé specie
té re, Reticulofenestra sarandae (me
shtrije nga zona Helicosphaera re-
ticulata deri né zonén Sphenolithus
distentus) dhe ka riemértuar tre spe-
cie té tjera si: Pontosphaera ovata
(nga zona Sphenolithus ciperoensis
né prerjen e Sarandés; zonat Helico-
sphaera reticulata dhe Sphenolithus
predistentus né prerjen e Aranitasit),
Pontosphaera segmenta (nga zona
Sphenolithus ciperoensis né prerjen
e Sarandés) dhe Cyclicargolithus
marismontium (né té gjitha prerjet).
Ky studim tregon gjithashtu se disa
nga speciet marker (Cyclococcolithus
formosus, Reticulofenestra umbili-
cus, Triquetrorhabdulus carinatus
dhe Discoaster druggii) nuk jané té
pérshtatshme pér zonimin e kétij ra-
joni.

Depozitimet e Oligocenit té hershém
—té vonshém té prerjes Osmanzeza-1
(Zona Jonike, Nénzona e Beratit) u
pércaktuan nga Vathi & Budri (1990)
se u pérkasin zonave Sphenolithus
predistentus, Sphenolithus disten-
tus dhe pjesén e poshtme té zonés
Sphenolithus ciperoensis. U pérmend
gjithashtu prania e specieve Heli-
cosphaera carteri né zonat NP23 —
NP24 (Vathi 1998b).

Cobo (1992) ka studiuar interva-
lin Miocen i poshtém — Tortonian né
disa prerje nga UA dhe Zona Jonike,
duke evidentuar praniné e disa zo-
nave dhe nénzonave nanofosile, si:
zona Helicosphaera carteri, nénzona
Dicoaster deflandrei (LO/zhdukja e
Sphenolithus dissimilis — FO e Heli-
cosphaera ampliaperta), nénzona
Dictyococcites hesslandii (FO/shfagja
e Helicosphaera ampliaperta — FO e
Sphenolithus heteromorphus), zona
Helicosphaera ampliaperta (FO e
Sphenolithus heteromorphus — FO e

Discoaster exilis), zona Sphenolithus
heteromorphus (FO e Discoaster exi-
lis — LO e Sphenolithus heteromor-
phus), zona Discoaster variabilis (LO
e Sphenolithus heteromorphus — FO
e Discoaster pentaradiatus), zona
Discoaster quinqueramus (FO — LO e
Discoaster quinqueramus) dhe zona
Ceratolithus tricorniculatus (LO e Dis-
coaster pentaradiatus - kufiri i sipérm
nuk éshté kapur).

Prerjet me moshé Oligocenivonshém
— Burdigalian nga Njésia Kurveleshi
dhe nga nénzona Jonike e Jashtme u
studiuan nga Vathi (1993) dhe si pér-
fundim u caktuan kéto zona: Spheno-
lithus ciperoensis (LO e Sphenolithus
distentus — LO e Sphenolithus ciper-
oensis; e ndryshuar nga Vathi 1985;
Vathi & Budri 1986; prerjet Aranitas,
Andon Pegi, Ballaj, Bolena, Memo-
raq dhe Lapardha) dhe zona Sphe-
nolithus delphix (LO e Sphenolithus
ciperoensis — FO e Helicosphaera car-
teri; e ndryshuar nga Vathi 1989; né
prerjet Aranitas, Andon Pegi, Ballaj,
Bolena, Memoraq dhe Lapardha) té
moshés Hatiane. Sipas kétij studimi,
speciet Dictyococcites bisectus, Eric-
sonia fenestrata, Helicosphaera recta
dhe Zygrhablithus bijugatus nuk jané
markera té pérshtatshém pér kufirin
Paleogjen/Neogjen. Nga Mioceni i
hershém u pérmendén zonat Helico-
sphaera carteri (FO e Helicosphaera
carteri — FO e Helicosphaera amplia-
perta; e ndryshuar nga Vathi & Bu-
dri 1986; né prerjet Aranitas, Andon
Pegi, Ballaj, Bolena, Memoraq dhe
Lapardha) dhe vetém nga njé prerje,
zona Helicosphaera scissura (FO of
Helicosphaera ampliaperta — FO of
Sphenolithus heteromorphus; e ndry-
shuar nga Vathi & Budri 1986; prerjet
Ballaj, Nénzona Jonike e Mesme, njé-
sia Kurveleshi).

Vathi et al. (1994) hetoi nanofosilet
gélgerore té Miocenit té hershém —
té mesém nga prerja e Drenovés, e
vendosur né jug té qytetit té Fierit
dhe caktoi kéto depozitime intervalit
Akuitanian — Langhian.

Né zonén e Sazanit (Kepi e Gjuhézés),
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zona e Oligocenit té vonshém NP25 —
Sphenolithus ciperoensis éshté pér-
mendur nga Vathi (1995, né Xhomo
et al. 2002). Kumati et al. (1995; né
Pashko 2018) ka pércaktuar disa zona
té ultésirés Shqiptaro — Thessaliane
né intervalin Rupelian té sipérm
(NP24) — Langhian (NN5).

Sedimentet qé i pérkasin flishit té
Firzés u datuan pér heré té paré
bazuar né nanofosilet gélgerore si
Tithonian i sipérm — Valanginian i
sipérm nga Gardin et al. (1996).

Sedimentet e Ultésirés Shgiptaro —
Thessaliane jané studiuar nga Kumati
et al. (1997) me ané té nanofosileve
gélgerore, polenit dhe foraminiferave
dhe njé pjesé e kétyre formacioneve
jané pérfshiré né intervalin Rupelian
(zona NP24) — Langhian (zona NN5).
Né Ultésirén Shqiptaro — Thessaliane,
zona Sphenolithus distentus u pér-
mend nga Formacioni i Drenovés,
ndérsa zonat Helicosphaera carteri,
Helicosphaera scissura dhe Helico-
sphaera ampliaperta nga prerjet Si-
nica, Palas dhe Nikolica. Nga prerja e
Sinicés éshté identifikuar gjithashtu
zona Sphenolithus heteromorphus
me moshé Langhiane.

Depozitimet e Eocenit t& mesém dhe
té Burdigalianit nga bregu peréndi-
mor i ligenit té Ohrit (verilindje té
Ultésirés Shqgiptaro — Thessaliane) u
studiuan nga Vathi & Kumati (1997).

Nga depozitimet Oligocen — Mioce-
nike té Zonés Jonike, Vathi (1998a) ka
pérmendur zonat Sphenolithus dis-
tentus, Sphenolithus ciperoensis, He-
licosphaera carteridhe Helicosphaera
scissura (Papér — Rové, Pérroi i Gur-
rave/Terbacit), Pérroi i Melinth). Né
té njéjtin vit, Vathi (1998b) botoi njé
punim mbi shfagjen e Helicosphaera
carteri né biozonat NP23 — NP24 (Ru-
pelian — Hatian i poshtém) nga disa
prerje dhe puse né Zonén Jonike (Pa-
per-4, Bistrovic-2, Rova-1). Disa zona
nanofosile jané pérmendur nga kéto
vende: Kodovijat, Lubinja dhe Tenda e
Qypit (NP24 — zona Sphenolithus dis-
tentus), Luzaj, Berati dhe Uji i Zi (in-

tervali nga zona NP21 deri né zonén
NP25), Tomorr dhe Kelgyra (zonat
NP21 deri NP24), Osmanzeza-1
(NP23 — NP25), Gjorm (NP21 — NN2),
dhe Krujé (NP21 — NP23).

Sedimentet e Njésisé Lisén — Spiten
u datuan né bazé té nanofosileve
gélgerore si té Paleogjenit, mé sakté
té Eocenit té hershém (Xhomo et al.
2002).

Danelian et al. (2007) ka pércaktuar
moshén e depozitimeve té prerjes sé
Sopotit né Zonén Jonike si Barremian
i vonshém — Cenomaniani i hershém
(zonat NC6 deri né NC10).

Studimet mé té fundit mbi nanofosi-
let gélgerore nga Shqipéria jané béré
né depozitimet molasike té Ultésirés
Shgiptaro — Thessaliane (Fig. 2), né
rrethinat e qytetit Korgé (fshatrat
Mborje, Drenové, Miras, Dardhé)
dhe kapin njé interval nga Rupeliani
i mesém deri ne Miocenin e mesém
(Kallanxhi et al. 2016; Kallanxhi 2020;
Kallanxhi & Young 2020; Kallanxhi
2023). Qéllimi i kétyre studimeve
kané qgené rivlerésimi nga ana bio-
stratigrafike té kétyre depozitimeve,
analizimi i bashkéshogérimeve té
nanofosileve gélgerore dhe pa-
leoekologjisé sé tyre, duke pérdorur
jo vetém vézhgime té drejtpérdrejta
dhe qgasje cilésore, por edhe meto-
da bashkékohore sasiore dhe pastaj
statistikore (Kallanxhi 2020).

Duke u bazuar né shfagjet e specieve
marker kryesore dhe dytésore,
gjithashtu edhe né bollékun e do-
kumentuar pér speciet e tjera pérg-
jaté prerjeve, jané dokumentuar
disa biozona karakteristike (sipas
Martini 1971 dhe Okada & Bukry
1981) pér intervalin Oligocen — Mio-
cen i mesém, si mé poshté: zonat
Sphenolithus predistentus (NP23)/
Sphenolithus predistentus (CP17),
zona Sphenolithus distentus (NP24)/
nénzona Cyclicargolithus floridanus
(CP19a), zona Sphenolithus ciperoen-
sis (NP25)/Reticulofenestra bisecta
(CP19b), zona Discoaster druggii
(NN2)/nénzona Discoaster druggii



Bul. Shk. Gjeol. (Nr. 1/2023)

Kallanxhi M-E.

(CN1c), zona Sphenolithus belemnos
(NN3)/zona Sphenolithus belemnos
(CN2), zona Helicosphaera ampliap-
erta (NN4)/zona Helicosphaera am-
pliaperta (CN3) dhe zona Spheno-
lithus  heteromorphus (NN5)/zona
Sphenolithus heteromorphus (CN4).

Pér njé pércaktim mé té miré té
moshés, disa nga zonat e sipérpér-
mendura u krahasuan gjithashtu me
zonimet mesdhetare dhe té tilla de-
pozitimet e studiuara jané pérfshiré
né kéto biozona: Sphenolithus ciper-
oensis PRZ (MNP25a; Chattian), Heli-
cosphaera ampliaperta PRZ (MNN2b;
Burdigalian i hershém), Sphenolithus
belemnos TRZ (MNN3a; Burdigalian
i mesém), Coronocyclus nitescens IS
(nénzona MNN4c; MNN4 — Helico-
sphaera ampliaperta 1Z; Langhian i
hershém) dhe Sphenolithus hetero-
morphus/Helicosphaera waltrans 1S
(nénzona MNN5a; MNN5 — Spheno-
lithus heteromorphus 1Z; Langhian).
Kéto studime dokumentojné disa ng-
jashméri por edhe ndryshime midis
bashkéshogérimeve té nanofosileve
gélgerore té pérshkruara dhe disa
prej studimeve té publikuara mé
paré né Shqipéri dhe sjellin informa-
cion sasior mbi grupet dhe speciet
taksonomike mé té bollshme.

Specia me e bollshme e dokumentuar
pérgjaté intervalit té studiuar éshté
Reticulofenestra minuta, e ndjekur
nga grupi Reticulofenestra me pér-
masa té vogla (3 — 5 um) me zoné
gendrore té mbyllur (R. antarctica
+ R. producta). Pér shkak se specia
Reticulofenestra producta (FO éshté
né Miocenin i hershém) u identifi-
kua né té gjitha biozonat, diapazoni i
kétij taksoni u zgjerua deri né pjesén
e sipérme té zonave NP23/CP17 té
moshés Rupelian i mesém.

Ndér taksonét gé i pérkasin gjinisé
Helicosphaera éshté Helicosphaera
minima (Kallanxhi & Young 2020), njé
specie jashtézakonisht e rrallg, e cila
u gjet né depozitimet Oligocenike té
zonés sé Moravés (Ultésirés Shqip-
taro — Thessaliane, Shqipéri), duke
e béré kété shfagjen e dyté né boté.
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Kallanxhi & Young (2020) kané kryer
analiza morfometrike né ekzemplaré
té pérzgjedhur dhe si pérfundim kané
pércaktuar madhésiné dhe karakter-
istikat morfologjike té késaj specie.
Gjithashtu, sipas kétij studimi, dia-
pazoni i njohur kohor u zgjerua nga
NP22 (Rupeliani i hershém) né NP24
(Rupeliani i vonshém — Hatian i her-
shém).

Pér sa i pérket gjinisé Sphenolithus,
vlen té pérmendet se me pérjash-
tim té species marker Sphenoli-
thus capricornutus e cila nuk éshté
regjistruar né kéto studimet té fun-
dit, pjesa tjetér e specieve treguese
(mesi i Rupelianit deri né Langhian),
jané dokumentuar pérgjaté intervalit
té hulumtuar (Kallanxhi 2020). Pér
heré té paré, specia me jetégjatési té
shkurtér Sphenolithus pseudohetero-
morphus u pérmend nga molasat e
Burdigalianit té hershém té Ultésirés
Shgiptaro — Thessaliane né territorin
shqiptar (Kallanxhi 2023). Prania né
sasi té ulét e gjinisé Discoaster, e njo-
hur se lulézon né mjedise té ngrohta
pelagjike, éshté njé tregues i miré
i kushteve paleomjedisore, duke
treguar né pérgjithési njé pellg neri-
tik té cekét.

Hulumtimet sasiore té species Sphe-
nolithus heteromorphus nga biozon-
at NN5/CN4 té moshés Langhiane
(Kallanxhi 2020), dhe krahasimi me
prerjet e tjera mesdhetare, lejuan
pérmirésimin e kuadrit biostrati-
grafik dhe caktimin e moshés sé disa
prej profileve té studiuara né dy prej
zonave e skemés Mesdhetare (Coro-
nocyclus nitescens 1S — MNN4c dhe
Sphenolithus  heteromorphus/Heli-
cosphaera waltrans IS — MNN5a).
Kjo mbéshtetet edhe nga té dhénat
e foraminiferéve mbi kété material
(Kallanxhi 2020).

Studimet mé té fundit mbi sediment-
et molasike té Ultésirés Shqiptaro —
Thessaliane ofrojné njé pasqyré té de-
tajuar mbi shpérndarjen hapésinore
dhe kohore té bashkéshogérimeve
té nanofosile gélgerore, duke véné
né dukje ngjashmeérité dhe ndryshi-
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met nga krahasimi i tyre me skema
té ndryshme standarde globale dhe
rajonale. Nga piképamja biostrati-
grafike, kéto studime (Kallanxhi 2020;
Kallanxhi 2023) mbéshtesin pércak-
timin e moshés pér pjesé té forma-
cioneve té ndryshme dhe paragesin
njé pozicion stratigrafik mé té qarté
né katet e Shkallés Ndérkombétare
Kronostratigrafike. Ato gjithashtu
ndihmojné né njé shpjegim mé té
miré té paleoekologjisé sé specieve

té ndryshme té nanofosileve
gélgerore dhe bashkéshogérimeve
té tyre dhe japin té dhéna té reja mbi
kushtet e sedimentimit dhe paleom-
jedisore (kripésia e sipérfages sé de-
tit, temperatura, furnizimi me |éndé
ushqyese terrigjene, rritja e Iéndéve
ushqgyese nga fundi i detit, pérzierja
e shtresave sé kolonés sé ujit) né kété
pellg gjysém té mbyllur dhe né mje-
diset e tij anésore.

Figura 2. Nanofosile gélgerore nga Ultésira Shqiptaro — Thessaliane (1
— 25 nanofosile me moshé Oligocenike; 26 — 31 nanofosile me moshé
Miocenike; té gjitha fotografité né mikroskop jané béré nga autori i

kétij artikullit; XPL — fushé e errét; GP — lente gipsi; *| njéjti nanofosil).
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PERFUNDIME

Ky artikull bazohet pjesérisht né lit-
eraturén ekzistuese té autoréve té
ndryshém shqiptaré qé kané studiuar
kété grup mikrofosil, qé nga hyrja e
tij si njé metodé e re né kérkimin e
hidrokarbureve dhe gazit né Shqipéri
dhe né studime biostratigrafike. Kéto
studime shtrihen né njé interval afér-
sisht 16 vite, midis viteve 1982 dhe
1998, interval i cili pérfagéson kulmin
e hetimeve mikropaleontologjike né
vend. Vlen té theksohet se pjesa mé
e madhe e kétyre studimeve jané
béré né prerje tokésore dhe né puse
nga depozitime flishore dhe molasike
Paleogjene dhe Neogjene, té kryera
brenda kuadrit té kérkimit té naf-
tés. Studimet e fundit mbi molasén
e Ultésirés Shgiptaro — Thessaliane

jané kryer me géllim pérmirésimin
e kuadrit biostratigrafik né zong,
krahasimin e materialit me skema
standarde té njohura, pér té nxjerré
né pah dobiné e kétij grupi né studi-
met biostratigrafike, pér té pércak-
tuar sasiné e nanofosileve gélgerore
dhe jo mé pak e réndésishme, pér
té vlerésuar paleoekologjiné e tyre
dhe pér té véné né dukje réndésiné
e tyre né hetimet paleomjedisore.
Megjithése, ky artikull pérmbledh
pothuajse té gjitha studimet e njohu-
ra pér nanofosilet gélgerore né Shqg-
ipéri, nuk pérjashtohet gé pér shkak
té véshtirésive né gjetjen e literaturés
pér kété tematiké, disa vepra mund
té mos jené gjetur dhe pérfshiré né
kété pérmbledhje.
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ABSTRACT

Calcareous nannofossils are calcareous remains belonging to Haptophyte algae and
represent one of the most widespread groups in the recent oceans and in the fossil re-
cord. Due to their high abundance, nannofossils are a good tool for biostratigraphy, hy-
drocarbon exploration and scientific research. This paper presents the evolution of the
calcareous nannofossil studies in Albania, starting from their introduction as a new mi-
cropalaeontological method by the Institute of Oil and Gas Fier in 1982. The calcareous
nannofossil study stretch on an interval of approximately 16 years and it was one of
the main pillars in the hydrocarbon research field at that time being. This work brings
out the most important results achieved on calcareous nannofossil biostratigraphy,
starting from 1982 to present. Such as, the main research areas were the Pre-Adriatic
Depression and lonian Zone, from where several biozones belonging to Cenozoic were
described. The most recent studies on the Albanian — Thessalian Basin molassic sedi-
ments improve the general biostratigraphical framework and bring out new data on

calcareous nannofossils paleoecology and palaeoenvironment.

Keywords: historical background, calcareous nannofossils, biostratigraphy, micropale-

ontology, Albania.

INTRODUCTION

The calcareous nannofossils’ study is
an important scientific branch in mi-
cropaleontology and biostratigraphy
and has applicability in the hydrocar-
bon and gas industry. Their biostrati-
graphical potential was first realized
in 1950 and started with studies on
Cenozoic sediments (Bown & Young
1998).

The calcareous nannofossils’ group
spans an interval from late Triassic
to recent, and include microfossils
formed of calcium carbonate smaller
than 63 um in size, excluding frag-
ments and juveniles’ forms of other
larger fossils. They belong to Cocco-
lithophore group (division Haptophy-
ta; Lohmann 1902), and according
to their morphology, mode of for-
mation and the life — cycles stage,
they can be separated in: hetero-
coccoliths, holococcoliths (Braarud
et al. 1955a, 1955b.) and nannoliths
(Young et al. 1994, 1999). This group

1Shérbimi Gjeologjik Shqiptar, Tirana
Email: madalina_kallanxhi@yahoo.com

display biogeographical distribution,
being more diverse at low latitudes,
while they are not found above 70°
at higher latitude. They can be found
in eutrophic, mesotrophic and oli-
gotrophic environments and their
worldwide distribution is connected
to sea water temperature, nutrient
distribution, oceanic circulation, up-
welling and seasonal mixing, salinity
and water carbonate content etc.

During the last decades, important
data dealing with material from on-
land and oceanic sections all over
the world were collected, and sev-
eral biostratigraphical schemes were
compiled and improved for both
Mesozoic and Cenozoic eras. The cal-
careous nannofossil based biostra-
tigraphy is currently improved with
the support of various tools, such as:
magnetostratigraphy, cyclostratigra-
phy, isotope stratigraphy and correla-
tion to other microfossil groups. The
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integration of all these methods and
data allowed a better biochronology
and calibration of calcareous nanno-
fossil bioevent.

The goal of this article is to bring out
the existing knowledge on this topic
in Albania since its beginnings, to
point out the calcareous nannofossils
importance in hydrocarbon industry,
and in activities related to mapping,
sedimentology and stratigraphy.

GEOLOGICAL SETTING

The calcareous nannofossil investi-
gations in Albania span and interval
of around 16 years and were initi-
ated within the oil and gas research
framework by the Oil and Gas Insti-
tute Fier (Albania), during the '80-
es. These investigations were con-
centrated mainly on the terrigenous
sediments (flysch and molasses) of
the lonian Zone and Pre-Adriatic De-
pression (Fig. 1), and less in Albanian
— Thessalian Basin (ATHB), Kruja, Mir-
dita, Sazani and Krasta — Cukali tec-
tonic zones.

Figure 1. Calcareous nannofossil studies from Albania and their location on the Geological map
(simplified after Xhomo et al. 2002). 1 - Islami (1982; in Dalipi et al. 1985; Tortonian); 2 - Islami
& Prengi (1983; in Cobo 1989; Langhian to Tortonian); 3 - Islami & Cobo (1984; in Cobo 1989;
Langhian — Tortonian); 4 - Islami & Cobo (1985; in Cobo 1996; Tortonian to Messinian); 5 - Cobo
(1986; in Cobo 1996; Tortonian to Messinian); 6 - Vathi & Budri (1986; early Miocene); 7 - Vathi
(1987; Paleogene to Aquitanian); 8 - Cobo (1989; Langhian to Tortonian); 9 - Dalipi & Cobo
(1989; in Cobo 1996; Tortonian to Messinian); 10 - Vathi (1989; early - late Oligocene); 11 - Vathi
& Budri (1990; early - late Oligocene); 12 - Cobo (1992; in Cobo 1996; Burdigalian to Tortonian);
13 - Vathi (1993; late Oligocene - Burdigalian); 14 - Vathi et al. (1994; Aquitanian to Langhian);
15 - Kumati et al. (1995; in Pashko 2018; early Oligocene to middle Miocene); 16 - Vathi (1995;
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in Xhomo et al. 2002; late Oligocene); 17 - Gardin et al. (1996; uppermost Tithonian to late
Valanginian); 18 - Kumati et al. (1997; early Oligocene to middle Miocene); 19 - Vathi & Kumati
(1997; middle Eocene to Burdigalian); 20 - Vathi (1998a; late Rupelian to Burdigalian); 21 - Vathi
(1998b; early Oligocene to early Miocene); 22 - Xhomo et al. (2002; Paleocene to middle Eo-
cene); 23 - Danelian et al. (2007; late Barremian to early Cenomanian); 24 - Kallanxhi et al.
(2016; Chattian); 25 - Kallanxhi & Young (2020; late Rupelian to early Chattian); 26 — Kallanxhi
(2023; Early Miocene) and Kallanxhi et al. (under corrections; Langhian).

lonian Zone includes sediments rang-
ing from Permian to Pliocene and
was developed during several stages
(Xhomo et al. 2002; Aliaj 2012): ne-
ritic carbonate platform in Permian —
Triassic, pelagic sedimentation from
Dogger to Eocene, and flysch sedi-
mentation from early Oligocene to
middle Miocene.

The Pre-Adriatic Depression overlie
partially the northern and western
parts on the folded structures of lo-
nian and Kruja zones and is filled with
molasses sediments ranging from
middle Miocene (Serravallian) up
to Pliocene. They were deposited in
two sedimentary cycles, the first one
middle — late Miocene, and the sec-
ond Pliocene cycle. The middle — late
Miocene cycle overlie transgressively
the lonian sediments.

The sedimentation within the Alba-
nian — Thessalian Basin includes sev-
eral molasses cycles and started dur-
ing the middle Eocene up to middle
Miocene.

METHODOLOGY

The calcareous nannofossils can be
studied from smear slides under
transmitted light microscope (Bown
& Young 1998), using an oil-immer-
sion objective (100x) (at a magnifica-
tion of at least 1000x), in cross — po-
larized light (XPL), in bright field (BF),
under gypsum plate (GP) and phase
contrast (PC).

Among most common preparation
techniques can be mentioned: simple
smear slide, pipette strew slide, grav-
ity setting, centrifuging and Scanning
Electron Microscope (SEM). Some
techniques can be used for quanti-

tative data analysis (palaeoecologi-
cal and palaeoceanographic stud-
ies), mobile mounts for taxonomic
research and thin section on harder
sedimentary rocks.

For data collecting (Bown & Young
1998), the following methods can be
applied: semi—quantitative counting,
simple relative abundance counting,
extended counting, unit area count-
ing, absolute abundance calculation,
sediment trap counting and preser-
vation analysis. The species counts
and percentages can be treated in
various statistical programs.

Regarding the calcareous nannofos-
sil standard taxonomy and biostra-
tigraphy should be mentioned that
there are several regional and global
schemes which are separated ac-
cording to the studied time interval,
region, stage etc.

In Albania, due to the fact that the
majority of the studies were on Ce-
nozoic sediments, the main standard
biostratigraphical schemes used for
comparison by Albanian researchers
were those of: Martini (1971; in-land
low latitude sections), Okada & Bukry
(1980; oceanic sections) and Theodo-
ridis (1984; from the Mediterranean
area). The zones in these schemes
are defined by the first occurrence
(FO) and last occurrence (LO) of the
marker species, supported also by
several other secondary bioevents.

In the last 50 years the Cenozoic
biostratigraphy was improved with
new studies and data, such as: Young
(1998; early to middle Miocene in-
terval at middle and high latitudes),
Backman et al. (2012; Miocene), Ag-
nini et al. (2014; for Oligocene in low

17



Bul. Shk. Gjeol. (Nr. 1/2023)

Kallanxhi M-E.

to middle latitudes areas), Kaenel
et al. (2017; oceanic sections) etc.
Some of the studies which brought
important contributions to the Medi-
terranean standard zonations were:
Fornaciari & Rio (1996), Fornaciari et
al. (1996), Di Stefano et al. (2008), Di
Stefano et al. (2011), laccarino et al.
(2011), Turco et al. (2011) etc.

For the low to middle latitudes, Back-
man et al. (2012) and Agnini et al.
(2014) used the codes CNO (Calcare-
ous Nannofossil Oligocene) and CNM
(Calcareous Nannofossil Miocene)
for each series, and a number for
each biozone. Their biozones’ char-
acterization is based on the following
concepts: Base (B), Base Common
(Bc), Top (T), Top Common (Tc) and
Cross-over (X) of a certain species.

The Mediterranean zonation has a
different approach and had been de-
veloped based on the quantitative
investigations and changes in index
species abundance, together with
their first and last occurrences. The
terminology used to code the zones
in the Miocene Mediterranean zones
is as follows: MNP (Mediterranean
Nannoplankton Paleogene), MNN
(Mediterranean Nannoplankton
Neogene), TRZ (Total Range Zone),
PRZ (partial Range Zone), IZ (Interval
Zone), FCO (First Common and Con-
tinuous Occurrence), LCO (Last Com-
mon and Continuous Occurrence),
AB (Acme beginning), PB (Para-Acme
beg)inning) and PE (Para-Acme end-
ing).

Information regarding this microfos-
sil group can be found on Nannotax3
website (http://www.mikrotax.org/
Nannotax3).

RESULTS AND DISCUSSIONS

The first biostratigraphical studies
from Albania based on calcareous
nannofossils and their applicability
in biostratigraphy date back to 1982.
The majority of these studies were
performed in the framework of the
petroleum and gas research conduct-
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ed by the Oil & Gas Institute (Fier,
Albania), and are mainly known from
the Pre-Adriatic Depression (PAD),
lonian Zone (loZ), Kruja Zone (KrZ),
Sazani Zone (SZ) and less from the
Albanian — Thessalian Basin (ATHB).

The calcareous nannofossil applica-
bility in oil and gas industry is men-
tioned for the first time by Kigi (1974),
who gave only a general information
on the subject, without specific re-
search data. The first researchers
who studied this microfossil group
were Islami (1982) and Islami & Pren-
¢i (1983). They investigated the Mio-
cene sediments from the PAD and as-
signed these deposits to Langhian up
to Tortonian. The zones identified by
them were: Sphenolithus heteromor-
phus Zone (Helvetian — early Tortoni-
an), Discoaster exilis Zone, Discoaster
kugleriZone, Discoaster calcaris Zone
and Discoaster quinqueramus Zone.

From the same area, Islami & Cobo
(1984) mentioned the first findings
regarding the ranges of the Miocene
species belonging to the Discoaster
exilis group. They described several
biozones for the early Langhian to
Tortonian interval, from outcrops and
boreholes of the PAD, mentioning
the presence of Ceratolithus genus,
more precisely the marker species
Ceratolithus tricorniculatus, indicat-
ing the late Tortonian age. The suc-
cession described by them includes:
Sphenolithus heteromorphus Zone,
Discoaster exilis Zone, Discoaster ku-
gleri Zone, Discoaster calcaris Zone,
Discoaster quinqueramus Zone and
Ceratolithus tricorniculatus Subzone.

Islami & Cobo (1985) provided ad-
ditional information on the range
of Ceratolithus tricorniculatus Sub-
zone, establishing for the first time
in Albania the Messinian/Pliocene
boundary based on calcareous nan-
nofossils. They re-investigated some
samples from the Rogozhina Section,
containing assemblages, previously
considered part of the Sphenolithus
heteromorphus Zone, Discoaster exi-
lis Zone and Discoaster kugleri Zone
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(Langhian to Serravallian), and re-as-
signed the lower part of this section
to the middle Tortonian Discoaster
calcaris Zone. From the Tortonian —
Messinian deposits of the PAD in the
Frakull — Seman — Ardenica — Divjaka
boreholes, Cobo (1986) described as-
semblages belonging to the Discoast-
er quinqueramus Zone.

The flysch sediments of the lonian
Zone were studied by Vathi (1985)
who identified several calcareous
nannofossil biozones. Vathi & Budri
(1986) investigated the lower Mio-
cene deposits from the Kurveleshi
area and mentioned the Helico-
sphaera carteri and Helicosphaera
scissura Zones. The Paleogene/
Neogene boundary in the lonian
Zone was placed at the FO of Helico-
sphaera carteri in the sections Arani-
tas and Lapardha (Vathi 1987).

In the Miocene deposits of PAD, sev-
eral biozones and calcareous nanno-
fossil bioevents were mentioned by
Cobo (1989; Langhian to Tortonian),
as follows: Sphenolithus heteromor-
phus Zone (in Ndroq, Ngjegar, Lush-
njé sections), Discoaster exilis Zone
(Ndrog, Ngjegar, Lushnjé, Zvérnec
sections), Discoaster kugleri Zone
(Ndroq, Lushnjé, Zvérnec sections),
Discoaster calcaris Zone (Ndrog,
Rrogozhina, Bishti i Pallés, Kavaja,
Patos sections + boreholes for Zvér-
nec), Discoaster quinqueramus Zone
(Rrogozhina, Bishti i Pallés, Kavaja,
Patos sections + boreholes) and Cer-
atolithus tricorniculatus Zone (Kavaja
section).

The investigations carried out by
Dalipi & Cobo (1989) on the Torto-
nian — Messinian deposits from the
PAD, gave new information on the
presence and ranges of Discoaster
surculus, Discoaster neorectus and
Discoaster subsurculus.

A broader study on the Oligocene fly-
sch deposits of the lonian Zone (Ara-
nitas, Saranda, Berat and Tomorr sec-
tions) was published by Vathi (1989),
who revealed calcareous nannofossil

assemblages belonging to the Helico-
sphaera reticulata Zone and its two
subzones: Ericsonia subdisticha Sub-
zone (LO of Discoaster barbadiensis
& D. saipanensis to Acme ending of
Ericsonia subdisticha s.l.o) and Heli-
cosphaera recta Subzone (Acme end-
ing of Ericsonia subdisticha s.l. to FO
of Cyclicargolithus abisectus). From
Aranitas and Saranda sections he
mentioned Sphenolithus predisten-
tus Zone (FO of Cyclicargolithus abi-
sectus — FO of S. ciperoensis (lower
boundary emended; Vathi 1985) of
Rupelian age and Sphenolithus dis-
tentus Zone (FO of Sphenolithus ci-
peroensis — LO of S. distentus) of late
Rupelian — early Chattian age. The
zone Sphenolithus ciperoensis (from
LO of Sphenolithus distentus to LO of
Sphenolithus ciperoensis; emended
upper boundary) was mentioned in
Aranitas and Saranda sections, while
the Sphenolithus delphix Zone (LO
of Sphenolithus ciperoensis — FO of
Helicosphaera carteri; emended this
work) from Aranitas, Saranda, Berat
and Tomorri sections. These last two
zones belong to Chattian.

This study described a new species
named Reticulofenestra sarandae
(from Helicosphaera reticulata up
to Sphenolithus distentus Zone), and
re-combined three others under
the names of Pontosphaera ovata
(from Sphenolithus ciperoensis Zone
in Saranda section; Helicosphaera
reticulata and Sphenolithus predis-
tentus zones in Aranitasi section),
Pontosphaera segmenta (from Sphe-
nolithus ciperoensis Zone in Saranda
section) and Cyclicargolithus maris-
montium (in all sections). This study
also indicates that several species
(Cyclococcolithus formosus, Reticu-
lofenestra umbilicus, Triquetrorhab-
dulus carinatus and Discoaster drug-
gii) are not suitable zonal markers for
this region.

Early to late Oligocene sediments
of the Osmanzeza-1 section (lonian
Zone, Berati Subzone) were assigned
by Vathi & Budri (1990) to the zones
Sphenolithus predistentus, Sphenoli-
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thus distentus and the lower part of
Sphenolithus ciperoensis Zone. The
presence of species Helicosphaera
carteriin the NP23 — NP24 Zones was
also mentioned (Vathi 1998b).

Gobo (1992) investigated the lower
Miocene to Tortonian interval in
some sections from the PAD and
lonian Unit, giving an overview on
the presence of several nannofossil
zones and subzones, such as: Helico-
sphaera carteri Zone, Discoaster de-
flandrei Subzone (LO of Sphenolithus
dissimilis — FO of Helicosphaera am-
pliaperta), Dictyococcites hesslandii
Subzone (FO of Helicosphaera ampli-
aperta — FO of Sphenolithus hetero-
morphus), Helicosphaera ampliaper-
ta Zone (FO of Sphenolithus hetero-
morphus — FO of Discoaster exilis),
Sphenolithus heteromorphus Zone
(FO of Discoaster exilis — LO of Sphe-
nolithus heteromorphus), Discoaster
variabilis Zone (LO of Sphenolithus
heteromorphus — FO of Discoaster
pentaradiatus), Discoaster quinquer-
amus Zone (FO — LO of Discoaster
quinqueramus) and Ceratolithus tri-
corniculatus Zone (LO of Discoaster
pentaradiatus — upper boundary not
found).

The late Oligocene to Burdigalian
successions from the Kurveleshi Unit
and from the External lonian Sub-
zone were studied by Vathi (1993)
and assigned to: Sphenolithus ciper-
oensis Zone (LO of S. distentus — LO
of S. ciperoensis; emended Vathi
1985; Vathi & Budri 1986; Aranitas,
Andon Pegi, Ballaj, Bolena, Memoraq
and Lapardha sections) and Sphenoli-
thus delphix Zone (LO of S. ciperoen-
sis — FO of H. carteri; emended Vathi
1989; Aranitas, Andon Pegi, Ballaj,
Bolena, Memoraq and Lapardha sec-
tions) of Chattian age. According to
this study the species Dictyococcites
bisectus, Ericsonia fenestrata, Heli-
cosphaera recta and Zygrhablithus
bijugatus are not suitable markers
for the Paleogene/Neogene bound-
ary. From early Miocene were men-
tioned the zones Helicosphaera car-
teri zones (FO of H. carteri — FO of H.
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ampliaperta; emended Vathi & Budri
1986; from Aranitas, Andon Pegi, Bal-
laj, Bolena, Memoraq and Lapardha
sections) and from only one section
the Helicosphaera scissura Zone (FO
of Helicosphaera ampliaperta — FO
of  Sphenolithus  heteromorphus;
emended Vathi & Budri 1986; Bal-
laj section, Middle lonian Subzone,
Kurveleshi unit).

Vathi et al. (1994) investigated early
to middle Miocene calcareous nan-
nofossils from the Drenova Section,
located SE of Fier city and assigned
the succession to the Aquitanian to
Langhian interval.

In the Sazani Zone (Kepi e Gjuhézés),
the late Oligocene NP25 — Sphenoli-
thus ciperoensis Zone was mentioned
by Vathi (1995, in Xhomo et al. 2002).
Kumati et al. (1995; in Pashko, 2018)
assigned several outcrops of the Al-
banian — Thessalian Basin to the
upper Rupelian (NP24) to Langhian
(NNS5) interval.

The sediments belonging to the Firza
Flysch were dated for the first time
based on calcareous nannofossils, as
late Tithonian to late Valanginian by
Gardin et al. (1996).

The sediments of the ATHB were
studied by Kumati et al. (1997) by
means of calcareous nannofossils,
palinomorphs and foraminifera and
part of these formations were as-
signed to the interval Rupelian (NP24
Zone) to Langhian (NN5). In the ATHB
the Sphenolithus distentus Zone was
mentioned from the Drenova Forma-
tion, while the Helicosphaera carteri,
Helicosphaera scissura, and Helico-
sphaera ampliaperta zones from the
Sinica, Palas and Nikolica sections.
From the Sinica section the Spheno-
lithus heteromorphus zone of Lang-
hian age was also identified.

Middle Eocene and Burdigalian
sediments from the western coast
of Ohrid Lake (northeastern ATHB)
were investigated by Vathi & Kumati
(1997).
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Fromthe Oligocene—Miocene depos-
its of the lonian Zone Vathi (1998a)
revealed the Sphenolithus distentus,
Sphenolithus  ciperoensis, Helico-
sphaera carteri and Helicosphaera
scissura zones (Papér — Rové, Pérroi i
Gurrave/Terbacit), Pérroi i Melinthit;
lonian Zone). In the same year, Vathi
(1998b) published a paper on the oc-
currence of Helicosphaera carteri in
the NP23 — NP24 biozones (Rupelian
— lower Chattian) from several sec-
tions and wells in the lonian Zone
(Paper-4, Bistrovic-2, Rova-1 wells).
Several nannofossil zones were men-
tioned from the following locations:
Kodovjat, Lubinje and Tenda e Qypit
(NP24 — Sphenolithus distentus), Lu-
zaj, Berati and Uji i Zi (zones NP21 to
NP25), Tomorr and Kelgyra (zones
NP21 to NP24), Osmanzeza-1 (NP23
— NP25), Gjorm (NP21-NN2), and
Kruja (NP21-NP23).

The sediments of the Lisén — Spiten
Unit were dated based on calcare-
ous nannofossil as belonging to the
Paleocene, more precise to the early
Eocene (Xhomo et al. 2002).

Danelian et al. (2007) assigned the
sediments from the Sopoti Section
in the lonian Zone to the late Barre-
mian to early Cenomanian (the NC6
to NC10 zones).

Latest studies on calcareous nanno-
fossils from Albania are from the Oli-
gocene to middle Miocene molasses
sediments of the Albanian — Thes-
salian Basin (Fig. 2), in the vicinity of
Korga city (Mborja, Drenova, Mirasi,
Dardha vilages; Kallanxhi et al. 2016;
Kallanxhi 2020; Kallanxhi & Young
2020; Kallanxhi 2023). The goal of
these investigations was to reveal
the calcareous nannofossils biostrati-
graphical and palaeoecological po-
tential, by using not only direct ob-
servations and qualitative approach,
but also modern statistical quantita-
tive methods (Kallanxhi 2020).

Based on the occurrences of the
main and secondary marker species
of global, regional and local impor-

tance, and on the documented abun-
dances for other species along the
sampled transects, several biozones
characteristic for the Oligocene to
middle Miocene interval have been
documented, as follows: Sphenoli-
thus predistentus Zone (NP23)/Sphe-
nolithus predistentus Zone (CP17),
Sphenolithus distentus Zone (NP24)/
Cyclicargolithus  floridanus  Zone
(CP19a), Sphenolithus ciperoensis
Zone (NP25)/Reticulofenestra bisec-
ta (CP19b), Discoaster druggii Zone
(NN2)/ Discoaster druggii Subzone
(CN1c), Sphenolithus belemnos Zone
(NN3)/Sphenolithus belemnos Zone
(CN2), Helicosphaera ampliaperta
(NN4)/Helicosphaera  ampliaperta
(CN3) and Sphenolithus heteromor-
phus Zone (NN5)/Sphenolithus het-
eromorphus Zone (CN4).

For a better age assignment, some
of the above mentioned zones were
also correlated to the Mediterranean
zonations, and such us the investi-
gated sediments were assigned to
the following biozones: Sphenolithus
ciperoensis PRZ (MNP25a; Chattian),
Helicosphaera ampliaperta PRZ (MN-
N2b; early Burdigalian), Sphenolithus
belemnos TRZ (MNN3a; middle Bur-
digalian), Coronocyclus nitescens 1S
(MNN4c subzone; MNN4 — Helico-
sphaera ampliaperta 1Z; early Lang-
hian) and Sphenolithus heteromor-
phus/Helicosphaera waltrans IS (MN-
N5a subzone; MNN5 — Sphenolithus
heteromorphus 1Z; Langhian). These
studies document some similarities
between the described calcareous
nannofossil assemblages and some
of the previously published data
from Albania and bring quantitative
information on the most abundant
taxonomical groups and species.

The most common and abundant
species documented along the stud-
ied interval is the long-ranging Re-
ticulofenestra minuta, followed by
small reticulofenestrids (3 — 5 um)
with closed central area (R. antarcti-
ca + R. producta). Due to the fact the
species Reticulofenestra producta
(FO is the early Miocene) was identi-
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fied in all biozones, the range of this
taxon was extended down to the up-
per NP23/CP17 zones of middle Ru-
pelian age.

Among the helicoliths’ taxa identified
within this material, an extremely
rare species, namely Helicosphaera
minima (Kallanxhi & Young 2020),
was found in the Oligocene sedi-
ments of Morava area (ATHB, Alba-
nia), making this the second occur-
rence in the world. Kallanxhi & Young
(2020) perform morphometric inves-
tigations on selected specimens and
emend the size of this species. Also,
as per this study, the known range
was extended from NP22 (early Ru-
pelian) to NP24 (late Rupelian — early
Chattian).

Regarding the sphenoliths, it is worth
mentioning that excepting the spe-
cies  Sphenolithus  capricornutus
which was not recorded in these lat-
est studies, the rest of the index spe-
cies belonging to Sphenolithus genus
(mid Rupelian to Langhian), were
documented along the investigated
interval (Kallanxhi 2020). For the
first time, the short ranging species
Sphenolithus pseudoheteromorphus
was mentioned from the early Burdi-
galian molasses of the ATHB on the
Albanian territory (Kallanxhi 2023).
The low quantity of Discoaster ge-
nus, well known to thrive in pelagic
settings, is a good indicator of the
palaeoenvironmental conditions, in-
gicating in general a neritic shallower
asin.

22

The quantitative investigations of
species Sphenolithus heteromorphus
from NN5/CN4 biozones of Langhian
age (Kallanxhi 2020), and the com-
parison to the other Mediterranean
sections, allowed the biostratigraphi-
cal refinement and age assignment of
some of the investigated transects to
two Mediterranean subzones (Coro-
nocyclus nitescens IS — MNN4c and
Sphenolithus heteromorphus/Helico-
sphaera waltrans 1S — MNN5a). This
is also supported by the foraminiferal
investigations on this material (Kal-
lanxhi 2020).

The latest studies on the molassic
sediments of the ATHB offer a de-
tailed overview on the spatial and
temporal distribution of calcareous
nannofossil assemblages, pointing
out similarities and differences in
their correlations to various global
and regional standard schemes.
From biostratigraphically point of
view, these studies (Kallanxhi 2020;
Kallanxhi 2023) support the age as-
signment for parts of various forma-
tions and offer a clearer stratigraphi-
cal position on several stages of the
International Chronostratigraphic
Chart. They also contribute to a bet-
ter understanding of the palaeoecol-
ogy of various calcareous nannofossil
species and their associations, and
give new information on the pal-
aeoenvironmental conditions (sea-
surface salinity, temperature, terrig-
enous nutrient supply, bottom nutri-
ent upwelling, wind-driven mixing of
water column) in this semi-enclosed
basin and its marginal settings.
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Figure 2. Calcareous nannofossils from the Albanian — Thessalian Basin (1
— 25 Oligocene; 26 — 31 Miocene; the micrographs are prone of the author
of this paper; XPL — cross — polarized light; GP — gypsum plate; *same speci-

men).

CONCLUSIONS

This article is mainly based on the
exiting literature of various Albanian
authors who studied this microfos-
sil group since its introduction as a
new method in the hydrocarbon and

gas exploration in Albania. These
studies stretch on an interval of ap-
proximately 16 years, between 1982
and 1998, interval which represents
the peak of the micropalaeontologi-
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cal investigations in the country. It is
worth mentioning that the majority
of these studies were done on land
sections and wells from Paleogene
and Neogene flysch and molasses’
sediments, conducted within the
petroleum research framework. The
recent studies on the molasses of
the ATHB were performed with the
goal to improve the biostratigraphi-
cal framework in the area, to com-
pare the material with well-known
standard schemes, to bring out the

graphical studies, to quantify the
calcareous nannofossils, and not at
last, to assess their palaeoecology
and point out their importance in
palaeoenvironmental investigations.
Although this article gathers almost
all known information about calcar-
eous nannofossils in Albania, it is
not excluded that due to difficulties
in finding the literature on this the-
matic, several works might have not
been found and included within this
compilation.

usefulness of this group in biostrati-
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ABSTRAKT

Burimet termale té Llixhés prané Elbasanit, pérfaqésojné disa nga burimet me temper-
aturén mé té larté mes burimeve té njohura né territorin e Albanideve. Qéllim i kétij
studimit ka gené analizimi i kampioneve té ujit, nxjerrja e té dhénave analitike gjeo-
kimike pér 16 elementé, i treguesve fiziko-kimike té kétyre burimeve dhe korrelimi i tyre
me ato té burimeve té Bénjés dhe Sarandaporos. Mes kétyre burimeve qé krahasohen
ka ngjashmeéri pér sa i pérket modelit gjeologjik ku shfagen (krahu peréndimor i zonés
tektonike té Krujés). Karakeristikat fiziko-kimike té burimeve té ujérave termalé lidhen
gjithnjé me modelin gjeologjik ku ato shfagen dhe me regjimin e infiltrimit té ujérave
sipérfaqésore. Burimet e Llixhave jané ndaré né dy grupe, i pari pérfshin burimet e
Llixhave né sektorin verior, ndérsa i dyti pérfshin ato té Hidraj, né sektorin jugor. Min-
eralizimi i pérgjithshém shkon deri né 7381 mg/l, ndérsa fortésia luhatet né diapazonin
23.1 deri né 152.2 mg/I. Ujérat termalé té rajonit Elbasan jané pak acide dhe jané
té tipit Kloro — Magnezial — Natrium - Kalcium. Origjina e tyre éshté e ndérmjetme si
pasojé e bashkéveprimit me shkémbinjté evaporitiké, pérzihet me ujérat hidrotermale
regjionale, pa pérjashtuar edhe ndikimin e ujérave té infiltracionit. Ujérat termale né
Llixha dhe Hidraj, shogérohen me pérmbajtje té larté té gazit sulfhidrik H,S. Origjina e
gazit sulfhidrik ndryshon nga burimet né Llixha me ato né Hidraj.

Fjalé kyge: burime gjeotermale, katione, anione, mineralizimi i pérgjithshém, ndry-
shime kimike.

HYRIJA

Burimet termalé té Llixhave t€ El-  lartési deri 300 m ndan pellgjet e vo-
basanit ndodhen rreth 12 km né jug  gla ujore té Llixhés dhe té Hidrajt. Uji
té qytetit té Elbasanit. Ata ndérto- | tyre ka temperaturé dhe debite té

hen nga 7 burime termalé té mirén-
johura, té vendosura né luginén e
lumit Tregan, prané fshatit Shirjan
té Elbasanit. Ndahen né dy grupe
burimesh, grupi i burimeve té Llix-
hés dhe grupi i burimeve té Hidrajt
(Fig. 1). Burimet e Llixhés ndodhen
né Pérroin e Priftit, rreth 1.2 km né
veriperéndim té majés Guri i Kacikut
(351 m). Burimet e Hidrajt ndodhen
né pérroin e Banjés, rreth 1.5 km
mé né juglindje té grupit té paré té
burimeve. Dukuria gjeomorfologjike
mé e spikatur e zonés éshté vargu i
kodrave gé ndodhen né anén perén-
dimore té burimeve té Llixhés. Majat
mé té larta té kétij vargu kodrinor me

1SHGJSH; *FGIM, Tirané
E-mail: doridapi@gmail.com

larta, 55 - 60°C dhe prurje té pérgjith-
shme 15 dhe 28 I/sek. Aftésité ku-
ruese dhe rikuperuese shéndetésore
té kétyre burimeve termale jané té
njohura prej njé kohe relativisht té
gjaté.

Burimet e Llixhave té Elbasanit kané
temperaturé té pandryshueshme
(70 — 80°C) dhe prurje konstante pér
periudha té gjata, 15 |/sek pér mbi 50
vjet. Kéto fakte déshmojné pér regjim
termo-hidrodinamik té stabilizuar té
rezervuarit. Ujérat termalé gé vijné
nga thellésia ftohen duke u pérzieré
me ujérat e infiltracionit (Frashéri &
Kodhelaj 2010).
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Figura 1. Harta gjeologjike e zonés sé studiuar dhe vendndodhja e burimeve termale
né planshetin me nomenklature K-34-101-C-c (Shtérmeni) (bazuar né Vukzaj et al.
2020).

Njé kilometér e gjysém né juglindje
té burimeve té Llixhave ndodhen
burimet e Hidrajt (Fig. 1). Tre burime
vendosen né té dy shpatet e pérroit
té Banjés.

Bukurité natyrore té zonés dhe vlerat
kurative té ujérave termale, kané rri-
tur vitet e fundit shfrytézimin pa krit-
er si dhe njé fluks té madh té ndérti-
meve pa leje. Klima e zonés éshté e
ngrohté mesatare kodrinore.

Sipas stacionit meteorologjik té El-
basanit, i cili ndodhet 12 km né veri
té burimeve, temperatura mesatare
vjetore atje éshté 15.4 °C, ajo e mua-
jit Janar éshté 6.5 °C, kurse né Gusht
éshté 24.1 °C. Reshjet mesatare vje-
tore jané 1157 mm nga té cilat mbi
70 % bien ndérmjet muajve Tetor-
Mars (Frashéri & Eftimi 2016).

NDERTIMI GJEOLOGIJIK

Né piképamje gjeologjike, rajoni i
Llixhave té Elbasanit ndértohet nga
formacione flishore e flishoidale té
Oligocen — Miocenit si dhe nga for-
macionet mollasike té Miocenit. Ku-

firi ndérmjet kétyre formacioneve
kalon paralel me vijén e daljes sé
burimeve dhe né lindje té tyre né
largési vende-vende mé té vogla se
100 m. Formacionet oligocenike pér-
fagésohen té plota, por né zonén e
burimeve, né sipérfaqe, zbulohen de-
pozitime té Oligocenit té mesém dhe
té sipérm. Né kéto té fundit dallohen
dy pako té ndyshme flishore, e posht-
mja argjilo-ranore dhe e sipérmja ar-
gjilore me linza mergelore. Burimet
e Llixhave té Elbasanit i hasim né pa-
kon e sipérme.

Mbi pakon oligocenike vendosen
blloge gélgerorésh (olistolite) numu-
litiké, pllakoré me shtresézim té garté
kryq me shtrirjen e pakos sé lartpér-
mendur, té moshés Kretak — Eocen.
Elementét e shtrirjes jané 50° - 60°
dhe kéndi i rénies varion nga 36° deri
75°. Pra shtresézimi i tyre éshté me
mospérputhje me shtrirjen e pakos
argjilo-ranore. Gélgerorét ndértojné
pikat mé té larta té relievit, ndérsa
poshté tyre ata nénshtrohen nga
pakoja argjilo-ranore. Né lindje té
depozitimeve oligocenike vendosen
depozitimet e Akuitanianit (N a), t&
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cilat pérfagésohen nga konglomer-
até té cimentuar dobét dhe me popla
té ndryshme nga pérbérja dhe mad-
hésia. Depozitimet akuitaniane sh-
trihen né formé shiriti relativisht té
ngushté, trashésia e tyre arrin rreth
220 m. Konglomeratét pérmbajné
shumé material mbushés kokérrimét
gé ndikon né uljen e pérshkuesh-
mérisé ujore té tyre. Mbi to shtrihen
depozitimet argjilo-alevrolitike-mer-
gelore té Burdigalianit (N1b) té cilat
pérbéjné pjesén mé té madhe té for-
macioneve mbulesore té sinklinalit
té Llixhés. Né piképamje strukturore,
zona qé shqyrtojmé pérbén sinklin-
alin e Llixhés ku formacionet mé té
reja molasike té& Miocenit géndrojné
mbi flishin e Oligocenit. Struktura
ka shtrirje veri-peréndimore, té ng-
jashme me até té sinklinalit té Tira-
nés, dhe duket gé zhvillohet né vazh-

dim té saj.

Vrojtimet sizmike kané hartografuar
njé rrafsh reflektues antiklinal i cili i
nénshtrohet sinklinalit té Llixhave né
thellésiné 1800-2000 m. Rrafshi pér-
puthet me tavanin e gélgeroréve té
njé antiklinali té varrosur, té emér-
tuar i Llixhave. Ky antiklinal ndodhet
né brezin gjeotermal té strukturave
té Kozanit né veri dhe té Galigatit né
jug. Antiklinali i varrosur i Galigatit,
tregohet né thellési rreth 4000 m.
Shpimi Galigati 2, i cili ndodhet rreth
9 km né jug té Llixhave té Hidrajt,
vértetoi praniné e késaj strukture
antiklinale dhe kapi formacionet kar-
bonatike né thellési 2900 m. Nga ky
pus gjaté pérvetésimit ka fontanuar
ujé termomineral me temperaturé
rreth 45-50 °C né gryké, né sipérfage
té tokés.

Figura 2. Skema e burimeve té ujérave termalé né Llixha (e rivizatuar sipas Fra-
shéri & Kodhelaj 2010; té ndryshuar nga autorét, 2022).

METODOLOGIJIA

Provémarrja pér analizat fiziko-kim-
ike éshté kryer me mostra (kampio-
né) uji té marra né burim me shishe
té pastra me masé 1-1,5 litra. Kam-
pionét ujoré jané transportuar té
ruajtur né bokse frigoriferik me tem-
peraturé ruajtjeje 4-12°C, dhe éshté
dérguar né laboratorin e analizave
kimike té Shérbimit Gjeologjik Shg-
iptar brenda intervalit kohor prej 24
orésh nga marrja e tij pér analizimin
e métejshém.

Nga mostrat e ujérave termalé u pér-
caktuan: pH, pércjellshméria elek-

trike, pérmbajtja e karbonit, kationet,
anionet, mbetja e thaté, mineralizimi
i pérgjithshém, fortésia dhe HS.

Pércjellshmeéria elektrike éshté treg-
ues lehtésisht i matshém né ujérat
natyroré dhe éshté aftésia e ujit pér
té pércjellé rrymé elektrike (Frashéri
& Kodhelaj 2010). Eshté njé tregues
gé ndikohet nga sasia e |éndéve inor-
ganike té tretur né ujé (mineralizimi i
pérgjithshém) dhe rritet me rritjen e
pérmbajtjes sé substancave té tretu-
ra. Mund té shérbejé si pérfagésues
pér mineralizimin e pérgjithshém.
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Eshté gjithashtu njé tregues i liré dhe
i shpejté pér t'u vlerésuar, por ky
parametér duhet té shogérohet me
analiza té tjera mé gjithépérfshirése.

Né njé kontekst té grumbullimeve té
naftés dhe gazit, rritje né pércjellsh-
mériné elektrike mund té tregojné
ndikim nga ujérat fundor té shtrati-
meve hidrokarbure, té cilét zakonisht
kané mineralizimin e pérgjithshém té
larté, ose komunikim hidrologjik mid-
is zonave gjeologjike me garkullim te
véshtiré (Tashko 2006). pH-shi éshté
masa e aciditetit ose e bazicitetit né
njé shkallé nga 0 — 14 dhe éshté i
ndjeshém ndaj ndryshimeve té vogla
né proceset kimike té ujit (Frashéri &
Kodhelaj 2010). Ashtu si pérguesh-
méria, pH mund té konsiderohet si
njé tregues i miré paraprak pér kara-
kterizimin kimik té ujit, por vetém ajo
nuk mund té pérdoret pér té iden-
tifikuar faktorét qé kané shkaktuar
ndryshimet e pH. Né kurthet e naftés
dhe gazit, njé pH i zvogéluar mund
té tregojé praniné e acideve, té cilat
jané karakteristike pér ujérat fundore
té shtratimeve hidrokarbure.

Vegimin né grupe té ujérave termale
sipas rezultateve té analizés e kemi
bazuar né karakteristikat e méposht-
me:

® Praniné e prerjeve sedimentare té
formuara né kondita reduktuese
(shkémbinjté evaporitiké);

® Praniné e mineraleve lehtésisht té
tretshém né prerjen gjeologjike,
gjaté migrimit té ujérave termal;

¢ Praniné e diapireve dhe e kupolave
diapirike né thellési;

* Praniné e mjediseve gjeologjike té
mbyllura té ngjashme me ato té
kurtheve té hidrokarbureve;

e Regjimin e infiltrimit té ujérave
sipérfagésore.

Vecorité kimike té ujérave natyrore

jané pércaktuar népérmjet katione-
ve, anioneve dhe pérmbajtja e met-

30

aleve (Frashéri & Kodhelaj 2010) ku
pérmbajtjen mé té larté e kané bakri
dhe mangani. Prania e klorureve
duhet té lidhet me:

e Ujérat e sedimentimit;
¢ Tretja e mineraleve té klorureve;

e Reaksionet kimike né mjediset
ujore me temperaturé té larté.

Vecorité hidrokimike té ujit né buri-
met termale kushtézohen nga origji-
na, regjimit termik, rrugét e migrimit
dhe marrédhéniet midis ujit dhe
shkémbit.

Diagrama CI-SO,~HCO +CO, (Giggen-
bach 1988; Singh etal. 2015) pérdoret
pér té klasifikuar ujérat gjeotermale
né bazé té pérgendrimeve té anione-
ve kryesore (Cl, SO,* dhe HCO,,).
Duke pérdorur kété diagramé, mund
té dallohen disa lloje té ujérave ter-
male: ujérat e maturuara, ujérat per-
iferike, vullkanike dhe ujérat e nxehta
me avull. Diagrama mund té japé njé
tregues fillestar té njé marrédhénie
té pérzierjes. Pozita e pikave té té
dhénave né njé diagramé trekéndore
arrihet duke marré sé pari shumén e
pérgendrimeve (né ppm) té tre pér-
bérésve té pérfshiré.

Diagrama trekéndore Na+K-Ca-Mg
(Piper 1944; Giggenbach 1988) pér-
doret pér té klasifikuar ujérat téré-
sisht té ekuilibruar, pjesérisht té
ekuilibruar dhe ujin e papjekur. Mund
té pérdoret pér té parashikuar tem-
peraturén e ekuilibrit dhe gjithashtu
pérshtatshmériné e ujérave termale
pér aplikimin e gjeotermometrit né
solucionet jonike. Ajo bazohet né
temperaturén ku varésia e ekuilibrit
té ploté té mineraleve té kaliumit
dhe natriumit gé pritet té ndodhin
pas rikristalizimit isokimik té shkém-
bit né kushtet e mjedisit gjeotermik.
Diagrama tregon arritjen e ekuilibrit
ujé-shkémb né qofté se pika e té dhé-
nave plotéson njé ekuilibér té ploté,
gé tregon shpérbérjen fillestare té
mineraleve para se té vendoset reak-
sioni i ekuilibrit.
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Me qgéllim pércaktimin e lidhjes mes
pérbérjes kimike dhe origjinés me
ujérat e kripur pérdoren grafikét e
krahasimit té vlerave Ca(Ca+Na)-Na-
Cl.

Origjina e acidit sulfhidrik (H,S) né
ujérat termale

Pérmbajtja e H,S né ujérat termale
éshté e larté. Metani vepron si njé
gaz bartés pér sulfidin e hidrogjenit,
gjenerimi i té cilit duhet té lidhet me
kerogjenin, naftén dhe/ose formacio-
net anhidrite. Né pérgjithési, ky acid
né ujérat termale dhe né rezervuarét
e naftés mund té gjenerohet nga tre
procese:

e Reduktimi bakterial i sulfatit;

e Zbérthimi termik i pérbérésve té
squfurit né kerogjen ose nafté;

e Reduktimi termokimik i sulfateve
(TSR).

Reduktimi i sulfatit bakterial dhe
dekompozimi termik i komponimeve
té squfurit né pérgjithési cojné né
nivele té uléta té H,S né gaz (< 3-5%).
Reduktimi termokimik i sulfatit éshté
i vetmi proces i afté té prodhojé sasi
mé té médha té H_S dhe éshté domin-
ues né praniné e shkémbinjve evapo-
ritiké (kryesisht anhidrit) né kontakt
me prerjen gélgeror né temperatura
pérgjithésisht mbi 120°C (Worden
et al. 1995). Megjithaté, ky proces
mund té ndodhé edhe né tempera-
tura deri né 80°C (Hunt 1996; Noth
1997). Reaksioni bazé i reduktimit
termokimik té sulfateve (TSR) éshté
sipas Worden et al. (1996):

Anhidrite + hidrokarbur = kalcite +
H,S+H,0+S+CO,

Reaksioni dominues pérfshin
metanin: CaSO, + CH, = CaCO, + H,S
+H,0

REZULTATET DHE DISKUTIMI

Rezultatet e analizave té ujérave ter-
mal paragiten né tabelén 1. Né kété
tabelé jané pérfshiré, me qgéllim kor-
relacioni mes burimeve termale,
vlerat e rezultateve té analizave
fiziko—kimike té burimeve termale té
Llixhave e Hidraj (Elbasan), Bénjé dhe
Sarandaporo.

Karakteristikat  fiziko-kimike té
ujérave termale té burimeve té
shqyrtuara dhe korreluara kushtézo-
hen nga faktorét e méposhtém:

a. Vecorité litologjike té prerjeve ku
ato shfagen si:

¢ Prerja karbonatike-dolomitike e zo-
nave tektonike Jonike dhe Kruja;

® Prerja evaporitike e diapirit té
Dumresé;

e Prerja flishore e zonave tektonike
Jonike dhe Kruja;

¢ Prerja Miocenike.

b. Fenomeni i diapirizmit té depozi-
timeve evaporitike.

¢. Prania e planeve tektonike dhe e
bazave té transgresioneve.

d. Pozicioni qé zéné kéto ujéra né
kuadrin e modelit hidrogjeologjik
té rajonit.
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Bazuar né korrelacionin midis dy treg-
uesve, té pércjellshmérisé elektrike
dhe mineralizimit té pérgjithshém
(koeficienti i korrelacionit aférsisht
1), ujérat natyror mund té ndahen né
tre grupe (Fig. 3):

e Grupi i paré pérfshin mostrat e
rrjedhave ujore té burimeve té Sa-
randoporos dhe Bénjés dhe kara-
kterizohet nga vlera té uléta té
mineralizimit té pérgjithshém dhe
pércjellshmérisé elektrike;

e Grupi i dyté pérfshin mostratnr. 4 e
burimit Llixha dhe nr. 14 té burimit

Bénjé, dhe karakterizohet nga vlera
té mineralizimit té pérgjithshém
dhe pércjellshmérisé elektrike pak
me té larta se grupi i paré, por rela-
tivisht té uléta krahasuar me gru-
pin e treté;

Grupi i treté pérfshin mostrat e
mbetura té burimeve Llixha dhe
Hidraj me vlerat mé té larta té min-
eralizimit té pérgjithshém dhe pér-
cjellshmérisé elektrike. Kéto vlera
tregojné se me rritjen e mineral-
izimit té pérgjithshém, rritet dhe
pércjellshméria elektrike.
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Figura 3. Korrelacioni i pércjellshmérisé elektrike me mineralizimin e
pérgjithshém (pérpiluar nga autorét, 2022).

Burimet Llixha dhe Hidraj shfaqgin
kombinim té vlerave té uléta té pH
me pércjellshmériné e larté elektrike
(Fig. 4) dhe vlera té larta té mineral-
izimit té pérgjithshém (Fig. 3). Duke
korreluar vlerat e pH-shit me até té
pércjellshmérisé elektrike kemi dal-
luar 4 grupimet e méposhtme:

o Grupi i paré pérfshin kampioni nr.
4 i Llixhave dhe karakterizohet nga
vlera té uléta té pércjellshmérisé
elektrike, por vlerat mé té larta té
pH-shit.

e Grupi i dyté pérfshin burimet Sa-

randaporo, me vlerat mé té uléta
té pércjellshmérisé elektrike dhe
vlera mesatare né té larta té pH-
shit.

Grupi i treté pérfshin burimet e
Bénjés dhe karakterizohet nga vler-
at té uléta té pércjellshmérisé elek-
trike dhe vlera té uléta né mesatare
té pH-shit.

Grupi i katért pérfshin mostrat e
burimeve Llixha e Hidraj dhe dal-
lohen nga vlerat mé té larta té pér-
cjellshmérisé elektrike dhe vlera té
uléta té pH-shit.

Figura 4. Korrelacioni i pércjellshmérisé elektrike me pH e ujérave natyroré
(pérpiluar nga autorét, 2022).

Korrelacioni mes klorureve dhe natri-
umit na tregon se pérmbajtja e larté
e klorureve lidhet me ujérat e sedi-

mentimit dhe mineralet e klorureve
(Fig. 5).

1800
sapy|| H Llixha ; :
A Hidraj : Llixha + Hydraj
1200 # Sarandaporo
= io00| | ® Bénja
g
O e
o
Z o R :
gt Y0988 |
4001 : . [E . 1| R'=0.881 j
Sarahdap-u-rud-Billj;a__)S.;-—"‘f : it i
A g T ™ Birmi o 4, Likka
o Pt
100 Cl{mg) 1000

Figura 5. Korrelacioni i i Klorureve (Cl-) me Natriumet (Na+) né ujérat
termale (pérpiluar nga autorét, 2022).

Né bazé té analizave té kryera (Fig.
5), ujérat termalé né rajonin e El-
basanit dallohen nga pérmbajtja e
larté té klorureve dhe natriumit dhe
jané té tipit Klor — Magnezial — Natri-
um — Kalciumor, pérkundér atyre né
burimet termalé té Bénjés (Pérmet)
qé i pérkasin tipit Klor — Natrium —
Kalciumor dhe kané vlera mé té uléta
né mesatare té kétyre elementéve.

Kjo éshté pasojé e modelit gjeologjik
té ndryshém qé ka rajoni i Elbasanit
me até té Pérmetit.

Lidhur me temperaturén e kétyre
ujérave dallohet njé ndryshim i vler-
ave mes burimeve né dy anét e lumit
Tregan. Burimet gé ndodhen né anén
e djathté té lumit kané temperaturé
mé té ulét, 23-26 °C, ndérsa ata qé
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burojné né shpatin e majté té lumit
kané temperaturé mé té larté 30 °C.
Kjo i bén veganérisht ujérave té kétij
grupi burimesh (krahu i majté i lumit
Tregan) té kené temperaturén mé té
larté né grupin e burimeve té korre-
luara. Uji i disa burimeve éshté i pi-
jshém dhe me efekte kurative. Buri-
met termalé té Sarandoporos dhe
Leskovik kané tip té njéjté ujérash
me zonén e ujérave termale té Bén-

jés (Pérmet) dhe kané temperaturé
26-28 °C.

Duke u bazuar né diagramén pér
klasifikimin e ujérave gjeotermalé
bazuar né pérgéndrimin e anioneve
kryesore (Cl — SO4* — HCO,+CO,)
pér vendburimin né fjalé dallohet se
vendburimet Llixhat dhe Hidraj ndry-
shojné prej atyre té Sarandoporos
dhe Bénjés (Tabela 2; Fig. 6).

Tabela 2. Pérmbajtjet e anioneve kryesore (Cl —SO,> — HCO,+CO,).

Pérmbajtjet e elementéve (mg/l)

Burimet
HCO,+CO, ok [ol}
Lixhaj + Hidraj 0.1-0.2 0.2-0.55 0.8-0.9
Sarandoporo + Bénjé [0.29-0.35| 0.4-0.7 0.7-0.6

Sarandaparo+Bénjy

0 0.2 04

06 08 1

Figura 6. Diagrama trekéndore e anioneve Cl, HCO*+C03*, SO,*
(pérpiluar nga autorét me programin Aquachem 10, 2022).

Rezultatet e diagramés Na+K-Ca-Mg
(Fig. 7) tregojné se pérmbaijtjet e
kalciumit pér burimet Sarandoporo
dhe Bénjé jané mé té uléta (0.1-0.3
mg/l) sesa ato té Llixhave dhe Hidraj
(0.3 -0.4 mg/l). Kéto shogérohen me
pérmbajtje relativisht té larté té Na +
K (0.60 — 0.76 mg/l) dhe pak mé té
ulét té Mg (0.21 — 0.35 mg/l). Pérm-
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bajtja e Na + K né burimet Llixhaj dhe
Hidraj éshté mé e ulét (0.35 — 0.51
mg/l) né krahasim me Sarandoporo
dhe Bénjé, ndérsa pérmbajtja e Mg
né burimet Llixhaj dhe Hidraj rezul-
ton mé e larté (0.39 — 0.50 mg/I) kra-
hasuar me ato té Sarandoporo dhe
Bénjé.
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Wixha+Hidra],

SarandaporotBénja

1 03 06

04 0.2 1
Ca

Figura 7. Diagrama trekéndore e kationeve Ca, Mg, Na+K
(pérpiluar nga autorét me programin Aquachem 10, 2022).

Ndryshimi kimik i ujérave

Né analizat sipas  diagramés
Ca(Ca+Na)-Na/Cl rezulton se pérm-
bajtja e klorureve rritet nga tretja e
mineraleve kloride, ndérsa ujérat e
sedimentimit jané té pasura me klo-
rure. Me rritjen e thellésisé ndodh
rritja graduale e klorureve deri né
uljen e ndikimit té ujérave té infiltra-
cionit ku kloruret kané pérmbajtje
té larté. Késhtu gé zvogélimi i rapor-
tit Na/Cl tregon rritjen e shkallés sé
ndryshimit kimik. Kur ky raport ka
vlera mé té larta se njésia, kemi té
béjmé me ujéra té pandryshuara nga
ana kimike. Raporti i kationeve Ca/
(Ca+Na) dhe Na/Cl tregojné qé vlerat
e uléta jané karakteristike pér ujérat
e ndryshuar kimikisht. Né bazé té
kétij treguesi, ujérat e burimeve té
Llixhave dhe Hidraj tregojné se kané
pésuar shumé ndryshime kimike.

Nga bashkélidhja e raporteve té ndry-
shimeve kimike dhe mineralizimit té

pérgjithshém (Fig. 8), konkludohet
se:

eUjérat e burimeve termale jané té
ndryshuara kimikisht.

eShkallén mé té ulét té ndryshimit
kimik e kané burimet e Bénjés.

eUjérat mé té ndryshuar kimikisht
jané ato té Llixhave dhe Hidraj.

Shkalla e ndryshimit kimik éshté pér-
caktuar me ané té raportit Na/Cl dhe
mineralizimit té pérgjithshém. Nga
korrelacioni i kétyre dy treguesve, vi-
het re gé ujérat e burimeve né Llixhat
e Elbasanit jané mé té metamorfizuar
se ato té Bénjés dhe Sarandaporos.
Vlerat e uléta té mineralizimit té
pérgjithshém dhe té klorureve né
burimet e Sarandoporos dhe té Bén-
jés jané rezultat i ndikimit té ujérave
té infiltracionit.
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Figura 8. Shkalla e ndryshimit kimik té ujérave termal
(pérpiluar nga autorét, 2022).

Origjina e ujérave hidrotermale

Origjina e ujérave termal té ndrysh-
uara kimikisht kryesisht éshté: ajo e
infiltracionit té ri dhe té vjetér, me
ndikime té ujérave té thellésisg, e
shkallés sé larté té pérshkueshmérisé
termike e shkémbinjve evaporitiké qé
ndértojné diapiret né pozicionin ku
shfagen ujérat termal, dhe njé kohe
mé té gjaté e bashkéveprimit té ujit
me shkémbin né tretjen e minera-
leve kloride. Bazuar né treguesit e
kationeve Na/(Na+Ca) dhe Na+K (Fig.
9), :<emi kété klasifikim té ujérave ter-
mal:

e Ujérat me origjiné té ndérmjetme
si pasojé e bashkéveprimit me
shkémbinjté evaporitiké, pérzihet
me ujérat hidrotermalé regjional té
thellésisé. Né kété grup pérfshihen
ujérat termal né Llixha dhe Hidaj.

Ujéra me origjiné té pérzieré ku mé
tipik jané ato té Bénjés.

Ujéra thjesht té infiltracionit. Né
zonén né studim nuk ka, por mé té
ndikuar nga inflitracioni jané buri-
met e Sarandaporos dhe kampioni
nr. 4 i Llixhave.

Ujrat me onigjinété 5\
TG00 W Lixha
00| A Hidraj
200--| * Sarandaporo

__bashkéveprimitme.__ !

shiEmbinjté evaporitiké '

""nuémamm‘sipasqlé'é"*;""" W T B
)

:Emm .| & Bénja | .../ hidrotermalé. regjional | T
=
1 e e
600
Uéirat lokal & infitracionit
200 e
) 01 02 T 03 04 05
Nal{Na+Ca)

Figura 9. Klasifikimi i ujérave termale sipas origjinés
(pérpiluar nga autorét, 2022).
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Nga analizat vihet re garté ekzistenca
e té tre proceseve té formimit té H2S
né té gjithé burimet e korreluara, gé
jané: reduktimi bakterial i sulfatit,
zbérthimi termik i pérbérésve té
squfurit né kerogjen ose nafté dhe

reduktimi  termokimik i sulfateve
(TSR). Korrelacionet e pérmbajtjes
sé H2S, vegohen garté me karbonin
organik total (TOC) dhe jonet sulfat
(SO42) sipas rezultateve té dhéna né
vazhdim né figurat 10 dhe 11.

o s

400 m Liixha 5}‘1

350) { & Hidraj 55

ypp| | X Sarandaporo g T A
muzs * Banja ucg 5

e T b ik | perberesve
150
10
- Reduktimi bantenial | sufati
L] ] i} .
"0 3 B 1o 12
TOC (Karboni Organik Total mall)
Figura 10. Korrelacioni i Karbonit Organik Total (TOC) me H,S
(pérpiluar nga autorét, 2022).
45)
400 : A
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250 b3
@
=0 * Zisitimi fermit f pirbiasve W W g
IE‘J ..............................
1D3 PRy He e e tm e Ee e ee ke e e e e e e e E s f e A e e e le A EEEESEleSelEEE e meE e e m e e e
|- Reduktio battens! | suffant
et L
2 2o 4o e slo 1000 e w18l 1800 200
S0," (mgfl)
Figura 11. Korrelacioni i SO, me H,S
(pérpiluar nga autorét, 2022).
PERFUNDIME

Burimet termale té Llixhave shfagen
né kontaktin litologjik midis depozi-
timeve té Oligocenit té sipérm dhe
atyre té Akuitanianit, i cili shfaget
né dy pamje si kontakt litologjik me
horizonte olistolitesh, konglomer-
atesh dhe ranorésh konglomeratiké
dhe né formén e shképutjes tekton-

ike si térthore e gjatésore. Kjo koloné
mbéshtetet mbi njé “kupolé” diapir-
ike e cila lidhet me tavanin e diapirit
té Dumresé.

Ujérat termalé té rajonit Elbasan

(Llixhat dhe Hidraj) jané té tipit Kloro
— Magnezial — Natrium — Kalcium
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dhe me origjiné té ndérmjetme si
pasojé e bashkéveprimit me shkém-
binjté evaporitiké, pérzierjes me
ujérat hidrotermalé regjional dhe té
infiltracionit. Ata jané té ndryshuar
kimikisht dhe té ndikuar nga ujérat e
inflitracionit. Pérmbaijtja e gazit sulf-
hidrik né kéto ujéra éshté e larté. Ky
gaz né vendburimin Llixha ka origjiné
prej zbérthimit termik té pérbérésve
té squfurit né kerogjen ose nafte,
ndérsa né burimin e Hidraj vjen nga
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ABSTRACT

The thermal springs of Llixha, near Elbasan, represent some of the springs with the
highest temperature in the Albanides territory. The purpose of this study was to ana-
lyze the water samples, geochemical analysis for 16 elements, the physical-chemical
indicators of these springs and correlate them with those of the springs of Benja and
Sarandaporo. A common feature of all these water sources is their geological setting,
which is the western side of tectonic unit Kruja. The physical — chemical indicators of
these springs are connected to the geological setting and to the surface waters infiltra-
tion regime. The springs from Llixha were separated into two groups, the first one in-
cluding the northern sector springs, while the second one, those from Hidraj area in the
southern sector. The general mineralization value reaches up to 7381 mg/|, while the
hardness values reach between 23.1 and 152.2 mg/I. The thermal springs from Elbasan
region are included in the acidic waters and chlorine — magnesium — sodium — calcium
type. Their origin is intermediary, being a result of interstitial fluids interaction with
the evaporitic rocks, and mixing of hydrothermal regional waters, without excluding
the surface infiltration waters. The thermal springs from Llixha and Hidraj contain high

amount of H,S, its origin differing from one location to another.

Keywords: geothermal springs, cations, anions, general mineralization, chemical

changes.

INTRODUCTION

The thermal springs from Llixha (El-
basan) are located in the vicinity of
Shirjan village, around 12 km to the
south of Elbasan city, on Tegan river
plain, and contain seven springs sep-
arated into two groups, Llixha and
Hidraj respectively. Llixha group is
located on Prifti river plain, around
1.2 km to the northwest of Guri i Ka-
¢ik mountain (351 m), while Hidraj
group is located on Banja river plain,
1.5 km to the southeast of Llixha.
The western side of Llixha springs are
surrounded by hills, which reach the
highest peak of 300 m and separate
Llixha and Hidraj areas. The water has
high temperatures (55 — 60 °C) and
flow rates of 15 — 28 |/sec. The cura-
tive and health-restoring properties
of these thermal springs have been
known for a relatively long time.

1SHGJSH; ?FGIM, Tirana
E-mail: doridapi@gmail.com

A characteristic of Elbasan thermal
springs is the constant temperature
(70 — 80 °C) and constant water flow
of 15 |/sec, for long periods of time,
more than 50 years. These data attest
the stable thermo — hydrodynamic
regime of the reservoir. The ther-
mal water springing from the depth
is getting colder by mixing with the
subsurface infiltration waters (Fra-
shéri & Kodhelaj 2010).

Hidraj thermal springs can be found
approximately 1.5 km to the south-
east of Llixha (Fig. 1). Three springs
are located on both sides of Banja
stream, each one exhibiting water
and gas emissions in their vicinity.
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Figure 1. Geological map of the investigated area and springs location on sheet
K-34-101-C-c (Shtérmeni) (bazuar né Vukzaj et al. 2020).

The landscape’s beauty and the cu-
rative properties of these springs
brought in the recent years the in-
creased use without criteria as well
as many illegal constructions.

The climate is warm, characteristic
of hilly areas. According to the data
provided by the nearest meteoro-
logical station located 12 km to the
north, the yearly average tempera-
ture is 15.4 °C, with a minimum value
of 6.5 °C in January and a maximum
of 24.1 °Cin August. The annual aver-
age rainfall is 1157 mm, from which
more than 70% stretch over a period
of several months, from October to
March (Frashéri & Eftimi 2016).

GEOLOGICAL SETTING

The studied area is represented by
Oligocene — Miocene flysch and
Miocene molasses sediments. The
border between these formations is
oriented parallel to the outlet line
of these springs, and further to the
east, in areas located less than 100 m
away. The middle — upper Oligocene
deposits crop out in the springs area,
their upper part being separated into
two flyschoidal formations, a lower

one with claystones — sandstones in-
tercalations, and an upper part with
claystones and marlstone lenses.
Llixha springs are located in the up-
per part of this succession.

The Oligocene sediments are over-
lain by Cretaceous — Eocene nummu-
litic limestones deposits (olistolites),
with a dipping angle from 36° to 75°.
Their stratification is in non-con-
formity with that of the claystone —
sandstone’s deposits. The limestones
build the highest peaks, while the
lower part is mainly terrigenous. To
the east of the Oligocene deposits,
the Aquitanian sediments (N,a) form
a narrow strip with a maximum thick-
ness of 220 m and are mainly com-
posed of unconsolidated polimictic
conglomerates. The conglomerates
contain a lot of clayey material, which
affects the water infiltration process.
These sediments are covered by Bur-
digalian claystones and marlstones
(N1b) which represent the main
cover of Llixha syncline. From geo-
logical point of view, the investigated
area is part of Llixha syncline, where
the youngest Miocene molassic sedi-
ments overlain the Oligocene flysch.
The whole structure has a north —
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eastern extension, similar to that of
Tirana syncline.

The seismic data indicate a flat struc-
ture at a depth of 1800 — 2000 m,
corresponding with the upper part
of the buried limestone structure
named Llixha anticline. This structure
is part of the geothermal network of
Kozan to the north and Galigati to the
south. The buried anticline of Galigati

was found at a depth of around 4000
m. The Galigati 2 borehole, located 9
km to the south of Llixha and Hidraj,
proved the carbonate deposits exis-
tence at a depth of 2900 m. During
the exploration works, the thermo-
mineral water temperature at the
wellhead was around 45 - 50 °C.

Figure 2. Location of Llixha thermal springs (redrawn after Frashéri & Kodhelaj
2010; modified by the authors, 2022).

METHODOLOGY

The sampling procedure for physical
— chemical analyses was performed
on water collected at the source,
with clean bottles of size 1 — 1.5 |.
The samples were transported in re-
frigerating boxes at a temperature of
4 — 12 °C, to the Albanian Geologi-
cal Survey’s laboratory within a 24
hours’ interval from their sampling.

The water samples’ investigations
were focused on analyses for: pH,
electrical conductivity, total car-
bon content (TOC), cations, anions,
dry residue, general mineralization,
hardness and hydrogen sulphide
(H,S). The electrical conductivity is
easily measurable in natural waters
and represents the water capabil-
ity to transmit the electrical current
(Frashéri & Kodhelaj 2010). This in-
dicator is affected by the amount
of inorganic substances dissolved in
water (general mineralization) and
has higher values when the amount
of dissolved substances increases. It

can be representative for the general
mineralization, an indicator which is
cheap and fast to measure, but must
be accompanied with other analyses.
In the context of petroleum and gas
exploration, an increase of electri-
cal conductivity may indicate influ-
ence of existing fluids, which exhibit
high general mineralization, or hy-
drogeological connection between
areas with difficult water circulation
(Tashko 2006). The pH represents the
acidity or basicity on a scale from 0
to 14, being susceptible to chemical
changes in fluids (Frashéri & Kodhelaj
2010). Similar to conductivity, is can
be considered a good preliminary
indicator for water chemistry, but it
is not enough to identify the factors
which caused the pH changes. In oil
and gas traps, a lowered pH can indi-
cate acids existence, which are char-
acteristic for the bottom reservoir
fluids. The thermal waters’ classifica-
tion according to the present investi-
gations were based on the following:
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ePresence of sedimentary succes-
sions deposited under reducing
conditions (evaporitic rocks);

ePresence within the succession of
soluble minerals during the thermal
fluids migration;

ePresence of underground diapirs
and diapiric domes;

ePresence of closed geological envi-
ronment similar to oil and gas traps;

eSurface waters infiltration regime.

The natural waters’ chemical proper-
ties were identified by measuring the
content of cations, anions and met-
als (Frashéri & Kodhelaj 2010), where
the highest values were registered
for copper and manganese. The chlo-
rides presence is supposed to be con-
nected to:

e|nfiltration and sedimentation flu-
ids;

eDissolution of chloride minerals;

eChemical reactions in aquatic envi-
ronments with high temperature.

The fluids chemical properties in
thermal springs are conditioned by
origin, thermic regime, migration
pathways and relation between flu-
ids and surrounding rocks.

Ternary diagram Cl-SO,~HCO +CO,
(Giggenbach 1988; Singh et al. 2015)
is used to classify the geothermal wa-
ters based on the concentration of
main anions (Cl, SO4-2 and HCO3-1).
By using this diagram several types
of thermal waters can be separated,
as follows: mature waters, peripheral
waters, volcanic waters and steamy
hot waters. This diagram can give a
preliminary indicator for waters mix-
ing. The location on ternary diagram
is given by the sum of the three com-
ponents’ concentrations (in ppm).

Ternary diagram Na+K-Ca-Mg (Piper

1944; Giggenbach 1988) is used to
classify completely balanced, partial
balanced and raw waters. It can be
used to forecast the equilibrium tem-
perature and the suitability of ther-
mal waters for geo-thermometer ap-
plication in ionic solutions. This plot
is based on temperature, where the
dependence of the full equilibrium of
potassium and sodium minerals is ex-
pected to happen after the isochemi-
cal recrystallization, in the conditions
of a geothermal environment. This
diagram shows the fluid — rock equi-
librium in the conditions when the
values reach a complete balance,
which shows the initial mineral dis-
integration, before the equilibrium
reaction is established. With the
purpose of establishing the connec-
tion between chemical composition
and the origin of saline fluids, the Ca
(Ca+Na)-NaCl diagram can also be
used.

Origin of hydrogen sulfide (H,S) in
thermal waters

The hydrogen sulfide content in ther-
mal waters is high. Methane acts as
the carrier gas for hydrogen sulfide,
its generation being connected to
the kerogen, oil and/or anhydrite for-
mations. Generally, this acid, in ther-
mal waters and oil reservoirs can be
generated through three processes:

eBacterial sulfate reduction;

oSulfur compounds thermal decom-
position in kerogen or diesel;

eThermochemical reduction of sul-
fates (TSR).

Bacterial sulfate reduction and sulfur
compounds thermal decomposition
lead to low levels of hydrogen sul-
fide (<3 — 5 %). Thermal decompo-
sition is the only process capable to
produce high amounts of hydrogen
sulfide, and it’s common in the pres-
ence of evaporitic deposits (mainly
anhydrite) at the contact with cal-
careous sediments, at temperatures
higher than 120 °C (Worden et al.
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1995). This process can happen also
at temperatures up to 80 °C (Hunt
1996; Noth 1997). The main reaction
for thermochemical reduction of sul-
fates (TSR) is according to Worden et
al. (1996):

Anhydrite + hydrocarbon = calcite +
H,S+H,0+5+CO,

Main reaction contains methane:
CaSO, + CH, =CaCO, +H, S+ H,0

RESULTS AND DISCUSSIONS

The results of thermal water analy-
ses are presented in table 1. With the
purpose of correlating the thermal
springs, in the table were added the
physical — chemical analyses’ values
for Llixha, Hidraj (Elbasan), Bénjé and
Sarandaporo. The physical — chemi-
cal properties for the investigated

thermal waters were dependant on
the following factors:

a.Local lithology:

e Carbonate — dolomitic section of
lonian and Kruja tectonic zones;

* Evaporitic section of Dumre dia-
pirs;

e Flyschoidal sequence from lonian
and Kruja tectonic units;

e Miocene sedimentary sequence.

b. Diapirism phenomena in evapo-
ritic deposits.

c. Tectonic faults and transgression
sequences.

d. Springs position within the hydro-
geological regional model.
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Based on the correlation between
two indicators, electrical conductiv-
ity and general mineralization (cor-
relation coefficient around 1), these
natural waters were classified into
three groups (Fig. 3):

e First group includes samples from
Sarandoporo and Bénja thermal
springs which are characterized by
low general mineralization and low
electrical conductivity values;

e Second group includes samples no.
4 from Llixha and no. 14 from Bén-

ja, and exhibit slightly higher values
for both general mineralization and
electrical conductivity parameters
than the first group, but less com-
pared to the third one;

e Third group contains the remain-
ing samples from Llixha and Hidraj,
with highest general mineralization
and electrical conductivity values.
These values indicate a direct cor-
relation between the increase of
general mineralization and electri-
cal conductivity.
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Figure 3. Correlation between electrical conductivity and general miner-
alization (this study, 2022).

Llixha and Hidraj thermal springs
display low pH values and high elec-
trical conductivity (Fig. 4), with high
general mineralization (Fig. 3). Based
on the correlation between pH and
electrical conductivity there were
separated 4 groups:

e First group includes sample no. 4
from Llixha and is characterized by
low electrical conductivity value,
but the highest pH;

e Second group includes Saran-
daporo springs, with the lowest
electrical conductivity and average
pH values;

48

e Third group includes Bénja samples
and exhibits low electrical conduc-
tivity and low to average pH values;

e Fourth group includes samples
from Llixha and Hidraj and displays
the highest electrical conductivity
and low pH values.

The correlation graphic between
chloride and sodium (Fig. 5) indicates
that the high amount of chlorides
within the thermal waters is con-
nected to the interstitial fluids and
chlorine — bearing minerals.
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Figure 5. Correlation between ch
(this study,

According to the analyses’ results
(Fig. 5), the thermal springs from
Elbasan region are characterized by
increased quantities of chlorides
and sodium, and fall within the chlo-
rine — magnesium — sodium — calci-
um group, compared to those from
Bénja (Pérmet), which belong to the
chlorine — sodium — calcium type and
display lower to intermediate values
of these chemical elements. This is
the result of the different regional

lorides (CI') and sodium (Na*)
2022).

geological setting.

Regarding the temperature of these
thermal springs, there is a notice-
able change between the sources,
on the both sides of Tegan river. The
springs located on the right side have
lower water temperature of 23 — 26
°C, while those on the left side ex-
hibit temperatures higher than 30
°C. This feature makes this springs
group to have the highest tempera-
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ture among the investigated thermal
sources. The water of some springs
is potable and has curative effects.
The Sarandoporo and Leskovik ther-
mal waters are similar to those from
Bénja (Pérmet) with temperatures of
26-28°C.

Based on the diagram for geothermal

waters classification according to the
main components (Cl — SO > — HCO,
+CO0,), the springs from Llixha and Hi-
draj differ from those of Sarandoporo
and Bénja (Table 2; Fig. 6).

Table 2. Main anions content (Cl —
S0, — HCO,+CO,).

Table 2. Main anions content (Cl - SO, —HCO*+CO,).

Elements’ content (mg/l)

Sources

HCO+CO,| sO.> cr

Lixhaj + Hidraj

0.1-0.2 0.2-0.55 0.8-0.9

Sarandoporo + Bénjé |0.29-0.35 0.4-0.7 0.7-0.6

Sarandapare BénjE

0 0.2 04

06 08 1

Cl

Figure 6. Anions ternary diagram Cl, HCO*+C03%, SO >
(this study; compiled with Aquachem 10 program, 2022).

The results according to Na+K-Ca-Mg
diagram (Fig. 7) indicate that the cal-
cium amount in Sarandoporos and
Bénje springs are lower (0.1 — 0.3
mg/I) compared to those from Llixha
and Hidraj (0.3 — 0.4 mg/l). These are
associated with relatively high Na + K
content (0.60—-0.76 mg)ll) and slight-
ly lower Mg amount (0.21 — 0.35

50

mg/l). The Na + K content in Llixha
and Hidraj springs is lower (0.35 —
0.51 mg/l), compared to those of Sa-
randoporo and Bénje, while the Mg
amount is higher in Llixha and Hidraj
(0.39 — 0.50 mg/l), compared to the
second group.
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Wixha+Hidra],

SarandaporotBénja

1 03 06

Ca

04 02 1

Figure 7. Cations ternary diagram Ca, Mg, Na+K
(this study; compiled with Aquachem 10 program, 2022).

Fluids’ chemical changes

The results according to Ca(Ca+Na)-
Na/Cl diagram indicate that the chlo-
rides content is higher due to chlo-
rine-bearing minerals dissolution and
increased amount of these elements
in the underground fluids. With the
depth increase, the chlorides content
increases gradually, concomitant
with the decrease of infiltration flu-
ids influence with high chlorides con-
tent. The decrease of Na/Cl ratio in-
dicates the chemical change degree.
When this ratio has higher values
than the unit, the fluids composition
remains unchanged. The ratio of vari-
ous cations, Ca/(Ca+Na) and Na/Cl,
indicates that lower values are typi-
cal for chemically affected waters.
According to this indicator, Llixha and
Hidraj water springs exhibit chemi-
cal changes. From the correlation
between chemical changes ratio and
general mineralization (Fig. 8) can be

deduced that:

e The waters of the thermal springs
are chemically altered;

e The springs of Bénja have the low-
est rate of chemical alteration;

e Llixha and Hidraj springs exhibit the
highest chemical alteration.

The scale of chemical alteration is
established by the Na/Cl ratio and
general mineralization. The correla-
tion between these two indicators
suggest that the springs from Llixha
(Elbasan) underwent more chemical
changes than those of Bénja and Sa-
randoporo. Lowest values of general
mineralization and chlorides in Sa-
randoporo dhe Bénja are the result
of infiltration waters influence.
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Figure 8. Scale of thermal waters’ chemical changes (this study, 2022).

Hydrothermal waters origin

The origin of chemically altered ther-
mal waters is mainly: that of new and
old infiltration, with the influence of
deep waters, of the high degree of
thermal permeability of the evapo-
ritic rocks that build the diapirs in the
position where the thermal waters
appear, as well as a duration of the
interaction of water with the rock in
the dissolution of chloride minerals.
Based on the Na/(Na+Ca) and Na+K
cations (Fig. 9), thermal waters can
be classified as follows:

e Springs with intermediary origin

as a result of water and evaporitic
deposits interaction, mixing with
deeper hydrothermal regional flu-
ids. In this group were included
Llixha and Hidraj springs;

Waters with mixed origin (Bénja
springs);

Simple infiltration waters. There
are none in the study area, but
those mostly affected by infiltra-
tion are Sarandoporo and sample
no. 4 of Llixha springs.
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=

Intermeadiary waters, 7 I
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W
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Figure 9. Thermal waters classification according to their origin
(this study, 2022).
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The analyses’ results suggested three
processes for H,S formation in all the
correlated springs, which are: bac-
terial sulfate reduction, compounds
thermal decomposition in kerogen or

petroleum, and thermochemical re-
duction (TSR). Hydrogen sulfide cor-
relation with the total organic carbon
content and sulfate ions (5042-) are
shown in figures 10 and 11.

45
400 | m Liche . gs.l
350) | & Hides) 5 'e;& sA
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TOC (Total Organic Carbon mgll)
Figure 10. Correlation between Total Organic Carbon (TOC) and H,S
(this study, 2022).
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Figure 11. Correlation between SO,> and H.S (this study, 2022).
CONCLUSIONS

The investigated thermal springs
from Llixha are located at the contact
between upper Oligocene deposits
and Aquitanian ones, being present
in both settings, at the lithological
contact with the olistolites, conglom-
erates and sandstones horizons, and
in areas with longitudinal and trans-
versal tectonic faults. This succes-

sion is supported by a diapiric “vault”
which connects to the roof of Dumre
diapirs.

The thermal waters from Elbasan
region (Llixha and Hidraj) belong to
the chlorine — magnesium — sodium
— calcium group, exhibiting interme-
diary origin, as a result of interstitial

53



Bul. Shk. Gjeol. (Nr. 1/2023)

Dapi D., Jahja A., Sulejmani J., Cela A.

fluids interaction with the evaporitic
rocks, regional hydrothermal and
infiltration fluids mixing. They are
chemically altered and influenced
by infiltration fluids. The hydrogen
sulfide gas content in these waters is
high. At the spring in Llixha, this gas
is the result of thermal reduction of
sulphur compounds in kerogen and
petroleum, while in Hidraj, repre-
sents the result of thermochemical
reduction of sulphates.
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ABSTRAKT

Subjekt i kétij artikulli éshté prezantimi i rezultateve prej studimit té té dhénave té pre-
ries sedimentare né pusin Fortuzaj-2, népérmjet metodave pirolitike (analiza “Rock-
eval”) dhe gaskromatografike. Ky pus pérfagésohet nga njé prerje ku pérfshihet dia-
pazoni moshor Hatian (Oligocen i sipérm) — Burdigalian. Né kété prerje jané analizuar
nga ana gjeokimike mostra nga shllami, kampionét e shpimit dhe gazi. Pusi i marré
né shqyrtim edhe pse mé i thelli, i bllokuar né flishin e Oligocenit té sipérm nuk ar-
riti té takojé shtratimet e naftés. Duke qgené se né kété shpim, i vetmi né Albanide,
dallohen shenja gazi né flishin e Oligocenit té sipérm, e pamé mjaft té réndésishme
trajtimin e materialit faktik té pusit népérmjet metodave té sipérpérmendura. Studimi
yné i paragitur né kété artikull jep vlerat e potencialit hidrokarburformues trajtuar me
analizén “Rock-eval”, dhe origjinén e shfagjeve té gazit té thellésisé 3902.5 metra té
kétij pusi. Népérmjet dy metodave gjeokimike té pérdorura, u pércaktuan sasia, tipi
dhe pjekuria e Iéndés organike si dhe karakteristikat gjeokimike té gazeve hidrokarburé
té shfaqura né prerje té cilat rezultojné té jené té maturuara dhe té tipit yndyror.

Fjalé kyge: piroliza, Fortuzaj-2, karboni organik, indeksi i hidrogjenit, raport izomer-

izimi.

HYRIJE

Studimi nga ana gjeokimike i pusit
té shpuar Fortuzaj-2 u ndérmor pér
arsye se ky éshté pusi mé i thellé i
shpuar né rajonin e Tiranés dhe ai
nuk zgjidhi detyrén pér té cilén ishte
projektuar, e cila ishte kapja e sh-
tratimeve té naftés né prerjen kar-
bonatike. Shpimi u bllokua né depozi-
timet e flishit té Oligocenit té sipérm.
Né prerjet flishore té Oligocenit té
sipérm, ky éshté i vetmi rast né Al-
banide ku ka shfagje gazi hidrokarbur
té pjekura, té takuara né thellésiné
3902.5 m.

Fillimisht u pércaktua potenciali hi-
drokarburformues i prerjes sé kalu-
ar nga pusi Fortuzaj-2 népérmjet
metodés pirolitike, sic quhet analiza
“Rock-eval”. Ndérsa me metodén

gaskromatografike té gazeve hidro-
karburé u arrit né konkluzionin qé
shfagjet e gazit né thellésine 3902.5
m duhet té jené me origjiné nga pre-
rja mé e thellé.

Kérkimet pér zbulimin e shtratimeve
té naftés e gazit po orientohen né
ballin e mbihypjeve ose nén mbihy-
pjeve né prerjet e thella sedimenta-
re, me potencial té larté gjenerimi si
pasojé e nivelit té pjekurisé. Kéta fak-
toré, gé gjendeshin edhe né zonén ku
u krye Fortuzaj-2, u morén parasysh
pér projektimin dhe shpimin e tij. Né
procesin e shpimit té pusit pati mani-
festime té shumta gazi hidrokarbur
qé krijonin probleme né avancimin
e shpimit. Kéto probleme inkura-
juan studimin gjeokimik té prerjes

1UPT, FIMF, Tirané; ?UPT, IGJEO, Tirané
e-mail: eninocka@yahoo.com
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sedimentare qé kalonte pusi. Nga
metodat gjeokimike qé u pérdorén, u
pércaktuan sasia, tipi dhe pjekuria e
|Iéndés organike si dhe karakteristikat
gjeokimike té gazeve hidrokarburé.

NDERTIMI GJEOLOGIJIK

Rajoni Fortuzaj shtrihet né sektorin
verior té rrudhosjes flishore Papér —
Rové — Fortuzaj (Fig. 1), i cili sipas stu-
dimeve ekzistuese, éshté konkluduar

se ky rajon pérfagéson vazhdimin mé
verior té zonés Jonike. Pusi Fortu-
zaj-2 ka takuar prerjen e Burdigalia-
nit, Akuitanianit dhe Oligocenit té
sipérm. Kéndi i rénies sé shtresave
éshté i madh dhe kjo shpjegon fak-
tin qé megjithése thellésia e shpimit
éshté e madhe, pusi ka kaluar njé pre-
rje té reduktuar sedimentare. Kolona
litologjike qé pérshkoi pusi Fortuzaj-2
paraqitet né figurén 2.

Figura 1. Harta gjeologjike skematike e rajonit Fortuzaj (sipas Xhomo et al. 2002).
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Né pérshkrimin litologjik nuk do té
pérfshihet e gjithé prerja sedimen-
tare e rajonit, por vetém ajo qé ka
kaluar pusi Fortuzaj-2 (Fig. 2).

Depozitimet e Paleogjenit
Oligoceni i sipérm (Pg ?)

Kéto depozitime takohen vetém né
brezin flishor Papér — Rové — Fortu-
zaj té cilin e konsiderojmé vazhdim té
zonés tektonike Jonike. Litologjikisht
pérfagésohen nga ndérthurje flishi
argjilo — ranor me horizonte vithisés,
ranoré té trashé deri masivé e kon-
glomeraté. Karakteristike éshté pra-
nia e shtresave gélgeroro — ranorike
té cilét pérgjithésisht takohen né ta-
van té horizonteve vithisés. Trashésia
e Oligocenit té sipérm varion nga 500
m deri 1100 m, ndérsa né pusin For-
tuzaj-2 kéto depozitime takohen né
thellésiné 3160 m.

Depozitimet e Neogjenit

Né kéto depozitime éshté veguar
vetém seksioni Miocenik. Ne depozi-
timet kétij seksioni u dallua nénsek-
sioni i Miocenit té poshtém me
depozitime Akuitaniane dhe Burdi-
galiane.

Akuitaniani (N ‘a)

Kéto depozitime kané pérhapje
shumé té kufizuar. Né pusin Fortu-
zaj-2 takohen né intervalin 2320 —
3160 m me kénde té médhenj (rreth
60°) gati drejt peréndimit. Pérgjithé-
sisht pérfagésohen nga ndérthurje
flishore argjilo — alevrolito — ranore,
me horizonte té rrallé vithisés. Prerja
pérbéhet nga njé flish i hollé argjilo —
ranor i pasur me foraminifere plank-
tonike si: Globigerina trilocularis, G.
venezuelana, G. woodi, Globigerinoi-
des primordius dhe Globoquadrina
dehiscens, té cilat i pérkasin zonés

faunistike me Globoquadrina dehis-
cens tipike pér Akuitanianin (Yzeiraj
et al. 2004). Duke paré me kujdes
prerjen né terren, nuk vérehen dis-
kordanca kéndore apo azimutale dhe
nga ana tjetér nuk takohet fauné e re
gé té quhet si bazé trasgresioni e Bur-
digalianit. Por, nga ana tjetér edhe
mungesa e faunés neogjenike, kara-
kteristike pér Akuitanianin, tregon se
prania e kétyre depozitimeve duhet
véné né dyshim. Duke e paré prob-
lemin né kompleks jemi té prirur té
mendojmé se depozitimet e Akui-
tanianit nga Petrela e mé né veri té
jené té shpélara. Duke mos i dhéné
zgjidhje pérfundimtare té argumen-
tuar kétij problemi, né hartén gje-
ologjike té paraqitur, kéto depozitime
jané léné si té Akuitanianit. Trashésia
e kétyre depozitimeve né prerjet e
studiuara varion nga 50 né 120 m,
ndérsa né shpim kapen nga 2320 m
derine 3160 m.

Burdigaliani (N 'b)

Depozitimet e Burdigalianit kané
pérhapje relativisht mé té madhe
se ato té Akuitanianit. Né jug, mbi
strukturat e zonés Kruja kéto depozi-
time vendosen transgresivisht mbi
depozitimet mé té vjetra, deri afér
shkémbinjve gélgeroréve. Litologjiki-
sht pérfagésohet nga mergele, argjila
mergelore, alevrolite dhe gélgeroré
litotamnike me makroforaminifere.
Né fushépérhapjen e tyre éshté
shpuar pusi Fortuzaj-2, me objekt
kapjen e nivelit té gélgeroréve. Ky
nivel nuk u takua dhe pusi mbeti né
depozitimet e Oligocenit té sipérm
(Yzeiraj et al. 2004). Nga ana tek-
tonike, blloku flishor Rové — Fortuzaj
éshté njé njési antiklinale nén mbihy-
pjen e zonés tektonike té Krujés. Ky
fakt éshté pércaktuar nga studimet e
fundit té kryera né kété rajon (Dorre
et al. 2004; Prifti & Dorre 2009).
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Figura 2. Kolona litologjike e pusit Fortuzaj-2.

METODOLOGIJIA

Metodat e studimit i jané pérshta-
tur natyrés sé kampioneve té marra
gjaté procesit té shpimit té pusit.
Kampionet gé ju nénshtruan studi-
meve gjeokimike jané: coprat e shl-
lamit, kampione té marré nga kolona
e shpimit dhe mostrat e shfagjeve té
gazit. Gama e metodave gjeokimike
gé aplikohen né prerjet gjologjike té
kapura nga puset e shpimit éshté e
madhe, por né kété artikull do té tra-
jtohen vetém dy: metoda pirolotike
(ose analiza “Rock-eval”) dhe meto-
da e studimeve gaskromatografike
té shfagjeve té gazit té takuar né pus
gjaté procesit té shpimit.

Metoda pirolotike, ose analiza “Rock-
eval”, éshté metodé bazé ku pércak-
tohet evolucionin i shkémbit gjaté
rritjes sé& programuar té temper-
aturés. Procedura pércaktuese éshté
e bazuar né katér cikle pirolitike
ku pércaktohen parametrat e mé-
poshtém:

eSasia e hidrokarbureve té liré
gazoré né mostrén e studiuar,
toké ose shkémb (S, = mg.HK/g.
shkémb);

eSasia e hidrokarbureve té liré té
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Iéngét né mostrén e studiuar,
toké ose shkémb (S, = mg.HK/g.
shkémb);

eSasia e hidrokarbureve té gjeneru-
ar gjaté procesit termik né mostrén
e studiuar, toké ose shkémb (S, =
mg.HK/g.shkémb);

eTemperatura maksimale ne °C ku

ndodh gjenerimi i hidrokarbureve
(S,), e cila shprehet né Tmax dhe
gjykohet pér nivelin e pjekurisé;

ePérmbajtja e |éndés organike, e
shprehur me Karbonin Organik To-
tal (TOC);

eIndeksi i hidrogjenit, qé shpreh
cilésine e léndés organike (HI=S,/
TOC *100);

eindeksi i produktivitetit (PI=S /
(S,+S,).

Metoda gaskromatografike éshté
metoda kryesore gé aplikohet pér té
pércaktuar pérbérjen hidrokarbure
té gazeve natyroré pér diapazonin
metan né normal heptan (CH, ).
Gjithashtu pércaktohen edhe format
izomere dhe hidrokarburet e pan-
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gopur (C H, ). Rezultatet e analizave
paraqgiten edhe grafikisht me ané té
gaskromatogramave. Kjo metodé re-
alizohet me ané té aparatit “Gaskro-
matograf”.

REZULTATET DHE DISKUTIMI

Rezultatet e analizés pirolitike té
nxjerra me aparatin “Oil Show Analy-
ser” né formé tabelore, paragiten
mé poshté (Tab. 1).

Tabela 1. Rezultatet e analizés pirolitike né prerjen gjeologjike té pérshkuar nga pusi

Fortuzaj-2.

Nr. Thellésia | Mosha Treguesit e analizés “Rock-eval”

(m) (kate) |S,| S, S, T . TOC HI PI
1 559,00 N'.b 0 0 0,36 431 0,25 144 0
2 788,00 N'b 0| 0,03 0,96 425 0,53 181 0.03
3 1173,00 Nllb 0 0 0,21 431 0,29 72 0
4 | 1427,50 N'.b 0 0 0,13 433 0,19 68 0
5 | 1614,00 N b 0 0 0,34 431 0,34 100 0
6 | 1864,50 N b 0 0 0,38 433 0,35 108 0
7 2139,00 Nllb 0 0 0,07 433 0,15 46 0
8 | 2321,00 N'a 0| 0,02 0,35 431 0,27 129 0.054
9 | 2728,00 N'a 0| 0,06 0,53 427 0,33 160 0.101
10 [ 2852,50 N'a 0 0 0,2 431 0,2 100 0
11 | 2890,00 Nlla 0 0 0,31 430 0,24 129 0
12 | 2945,00 N'a 0 0 0,34 430 0,25 136 0
13 [ 2975,00 N'a 0 0 0,26 431 0,27 96 0
14 | 3045,00 Nlla 0 0 0,27 432 0,21 128 0
15 [ 3080,00 N'a 0 0 0,36 431 0,32 112 0
16 | 3165,00 Pg’, 0 0 0,31 433 0,32 96 0
17 | 3205,00 Pg33 0 0 0,31 434 0,28 132 0
18 [ 3360,00 Pg’, 0 0 0,41 434 0,36 113 0
19 [ 3415,00 Pg’, 0 0 0,31 432 0,34 91 0
20 | 3530,00 Pg33 0 0 0,27 435 0,29 93 0

Mbéshtetur né kété metodé pércak-
tohen vegorité gjeokimike té léndés
organike té takuar né prerjen gje-
ologjike qé ka kaluar pusi Fortuzaj-2
(Prifti 1987). Mostrat e gazit jané
analizuar me metodén gaskromato-
grafike ku éshté pércaktuar pérbérja
hidrokarbure e tyre (Tabela 2).

Shfagjet e gazit jané takuar né pre-
rien gjeologjike t& Akuitanianit (N,'a)

dhe né ato té Hatianit (Pg,’). Rezul-

tatet e marra me metodén pirolitike
(ose analiza “Rock-eval”) me ané té
aparatit “Oil Show Analyser”, inter-
pretohen pér té pércaktuar:

1.Pérmbajtjen sasiore té Iéndés or-

ganike e shprehur né karbonin or-
ganik total (%);
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2.Tipin e léndés organike, ose cilési-
né e saj;

3.Pjekuriné e Iéndés organike;

4.Léndén organike té liré té pérfaqé-

suar nga hidrokarburet;

5.Produktet e krekingizimit termik té
|éndés organike.

Tabela 2. Pérbérja hidrokarbure e shfagjeve té gazit né pusin Fortuzaj-2.

Pérbérja hidrokarbure e shfagjeve té gazeve né pusin Fortuzaj-2 (%volumi)

Intervali

(metér) | cH | cH, | CH, | iCH, | nCH, |icH, | ncH, | sc6 | sc7
2789.5 |96.554 | 0.766 | 0.175 | 0.019 | 0.019 | 0.008 | 0.004 | 0.006 | 0.004
38936 |[96.778 | 0.641 | 0.32 | 0.028 | 0.015 | 0.006 | 0.004 |0.011 |0.011
3902.5 |88.989 | 3.969 | 1.467 | 0.313 | 0.821 | 0548 | 0.763 | 0.919 | 0.508
3909 | 99.773 | 0.203 | 0.024

Sasia e léndés organike

Sasia e léndés organike éshté pércak-
tuar nga piroliza e mostrave shkém-
bore népérmjet aparatit “Oil Show
Analyser” (Tabela 1). Késhtu, depozi-
timet e Burdigalianit kané pérmbajtje
té 1éndés organike qgé luhatet né dia-
pazonin 0.15+0.53 (Tabela 1), depoz-
itimet e Akuitanianit kané Iéndé or-
ganike nga 0.25% deri 0.33%, ndérsa

né depozitimet e Oligocenit té sipérm
(Hatiani) pérmbajtja e Iéndés organ-
ike luhatet nga 0.28+0.36% (Fig. 3).
Nga sa u diskutua mé sipér arrijme
né pérfundimin qé prerja e kaluar
nga pusi éshté e varfér né pérmbajtje
té Iéndés organike.

Figura 3. Pérmbajtja e Iéndés organike (TOC) dhe potenciali gjenetik mbetés (S,)
né prerjen e kaluar nga pusi Fortuzaj-2.
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Tipi i léndés organike (Klasifikimi i
léndés organike sipas parametrave
pirolitiké)

Duke u mbéshtetur né treguesit piro-
litiké té pérshkruar mé sipér, realizo-
het klasifikimi i [éndés organike (Fig.

4). Duke u bazuar né karbonin organ-
ik total dhe né potencialin gjenetik
mbetés ndahen pesé tipe gjeokimike
té |éndés organike té paragitur né
né figuren 4: A — Shume e varfér; B
— Varfér; C — Mjaftueshém; D — Miré
dhe E —Shumé e miré.

Figura 4. Tipet gjeokimike t& Iéndés organike sipas TOC dhe S,.

Né bazé té treguesve pirolitiké (me
aparatin Rock-eval) realizohet edhe
njé klasifikim tjetér duke u mbéshte-
tur né indeksin e hidrogjenit HI (Fig.
5). Né kété ményré pércaktohen tipet

potencialé té |éndés organike, pra se
¢faré jané té afté té gjenerojné, naf-
té, nafté e gaz ose vetém gaz (Prifti
1987). Ky klasifikim éshté shprehur
né tabelén 3 dhe figurén 5.

Tabela 3. Rezultatet e analizés pirolitike né prerjen gjeologjike té pérshkuar nga

pusi Fortuzaj-2.

Tipet potencial té Iéndés organike | Indeksi i hidrogjenit

Potenciali gjenetik mbetés
(S,=mg.HK/g.shk.)

I. Gjeneron nafté >300 >10
Il. Gjeneron gaz e nafté 200 + 300 5+10
I11.Gjeneron gaz hidrokarbur 50 + 200 1+5
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Figura 5. Indeksi i hidrogjenit dhe tipet e Iéndés organike né prerjen e
pusit Fortuzaj-2.

Bazuar né vlerat e parametrave pi-
rolitiké, Iénda organike e prerjes
gjeologjike té kaluar nga pusi Fortu-
zaj-2, éshté e tipit té treté, e afté té
gjenerojé gaz hidrokarbur. Prerja mé
e thellé ka potencial mé té larté pasi
éshté mé e pjekur (Muska & Prifti
1991).

Pjekuria e Iéndés organike

Pjekuria e Iéndés organike né prerjen
e pusit Fortuzaj-2 éshté vlerésuar
me ané té dy tregueseve gjeokimiké:
treguesi pirolitik Tmax dhe indeksi i
produktivitetit.

Temperatura maksimale (T )

max

Si¢ éshté pérshkruar mé sipér tem-
peratura maksimale (T__) né prerjen
e pusit Fortuzaj-2 (Fig. 6) luhatet né
diapazonin 425 — 435 °C. Kéto vlera
tregojné se lénda organike éshté e
pamaturuar prané hyrjes pér né dri-
taren e naftés. Interpretimi i kétij
treguesi jepet né figurén 5, ku deri
ne 435°C éshté stadi i pamaturuar,
435 + 465 °C lIénda organike éshté e
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maturuar dhe pérshihet né dritaren e
naftés, ndérsa kur kalon vlerén 465°
C pérfshihet né stadin e tejmaturuar.

Vlerésimi i pjekurisé sipas indeksit té
produktivitetit (PI).

Indeksi i produktivitetit vlerésohet né
sasiné e naftés té takuar né mostrat
shkémbore (S,) dhe né sasiné e naf-
tés qé do prodhojé lénda organike
(2), indeksi i produktivitetit: Pl =S /
(S,+S,). Duke u bazuar né indeksin e
produktivitetit pércaktohet niveli i
pjekurisé sé léndés organike té takuar
né prerjen Miocenit té poshtém dhe
Hatianit. Ky raport éshté vlerésuar
vetém né tre intervale: né thellésiné
788 m ku kap vlerén prej 0.003 dhe
né thellésiné 2321 m ku kap vlerén
0.054, lénda organike éshté e pama-
turuar; ndérsa né thellésine 2728 m
ku kap vlerén 0.101, lIénda organike
éshté e maturuar. Prerja e kaluar nga
pusi ka njé tendencé rritje té indeksit
té produktivitetit (Pl) me thellésiné.
Prerja gjeologjike mé thellé se 4500
m ka hyré né dritaren e naftés. Indek-
si i produktivitetit korrelohet edhe
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me Tmax. Prerja mé e vjetér dhe mé
e thellé shpreh tendencén e rritjes
sé pjekurisé me thellésiné. Késhtu
mund té priten shtratime té gazit
natyror.

Hidrokarburet e gazté

Né prerjen e kaluar nga pusi Fortu-
zaj-2 ka patur shfagje té hidrokar-
bureve té gazté. Bazuar né raportet
Metan/Etan dhe Metan/Etan+ jané

pércaktuar tipet gjeokimike té gazeve
hidrokarburé té shfaqur né prerjen
e kaluar nga pusi Fortuzaj-2 (Tab.
4; Fig. 7). Gazi i marré né thellésiné
3902.5 m éshté i tipit yndyror dhe i
gjeneruar nga prerja gjeologjike mé e
thellé. Kurse tre mostrat e tjera jané
gaze hidrokarburé té tipit shumé té
thaté, té cilat jané té gjeneruar nga
vet prerja sedimentare gé ka kaluar
pusi (Prifti 1987).

Figura 6. Pjekuria e léndés organike né prerjen e pusit Fortuzaj-2 sipas T__
dhe indeksit té Produktivitetit (PI).

Tabela 4. Raportet e pérbérjes sé hidrokarbureve té gazté né pusin Fortuzaj-2.

Intervali| Raportet e pérbérjes sé hidrokarbureve té gazté né pusin Fortuzaj-2
(metér) | icnc, | c1/C2 | c1/C2+ | Wh Bh cH | c2/c3
2789.5 1 126.050 | 96.458 1.016 |432.533| 0.286 | 4.377
3893.6 1.867 150.980 | 114.125 | 0.846 [526.589| 0.402 | 4.856
3902.5 0.381 22.421 9.560 8.136 | 23.762 | 1.667 | 2.706
3909 491.493 | 439.529
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Figura 7. Tipet gjeokimike dhe pjekuria e gazeve hidrokarbur né pusin Fortuzaj-2

Nivelin e pjekurisé e kemi vlerésuar
me raportin iCA/nC4 ky raport merr
vlerat nga 0.38 deri ne 1.86. Per vlera
mé té vogla se 1.0 gazi éshté i ma-
turuar (i pjekur) dhe éshté i migruar
nga prerja mé e thellé dhe kjo e rrit
shumé perspektivén e kérkimeve té
shtratimeve té gazit né prerjet mé té
thella.

Vlerésimi i fluidmbajtjes né pusin
Fortuzaj-2.

Treguesit gjeokimiké té pércaktuar
né gazin e marré né grykén e pusit
Fortuzaj-2 pér vlerésimin e fluidmba-
jtjes jané si mé poshté:

*Raporti Metan/Etan- C /C,

*Raporti Metan/Etan +=C /
(C,+C,+C,+C,)

eRaporti i  yndyritetit  (Wh),
Wh=(C,+C,+iC,+nC,+iC,+nC,)/
(C,+C+C+iC,+nC,+iC.+nC,)*100

eRaporti i Balancés hidrokarbure:
Bh=( C +C,)/ C,+iC,+nC,+iC.+nC,)

eRaporti  karakterit hidrokarbur:
Ch=(iC,+nC,+iC+nC,)/ C,

eRaporti Etan/Propan =C,/ C,
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Kur raporti i yndyritetit (Wh) éshté
me i vogél se 0.5, fluidmbajtja éshté
jo produktive, kur éshté midis 0,5
dhe 7.5, konsiderohet gazmbaijtés.
Né pusin Fortuzaj-2 luhatet né in-
tervalin 0.85 — 8.14 fakt gé tregon
se prerja mé e thellé ka interes pér
gazra hidrokarbure.

Raporti i balancés hidrokarbure (Bh)
éshté parametér gé ulet kur rritet
densiteti i fluidit né rezervuar. Né
prerjen e kaluar nga pusi Fortuzaj-2
ka vlera té larta dhe luhatet né inter-
valin 23.8 — 526.6. Pra prerja e kaluar
nga pusi ka interes pér shtratime gazi
hidrokarbur.

Raporti i karakterit hidrokarbur
(Ch) ka vlera té uléta (0.4 — 1.6) dhe
tregon pér prerje gazmbajtése.

Kur raporti CZ/C3 ka vlerat e larta (>2),
tregon pér prerje gazmbajtése.

Mbéshtetur né kéto parametra, gazi
hidrokarbur i pusit Fortuzaj-2 e ka
origjinén nga depozitimet e prerjes li-
tologjike té kapur nga pusi. Prerja mé
e thellé mund té interpretohet me
interes pér kérkimin e shtratimeve té
gazeve hidrokarbur.
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PERFUNDIME

Pusi Fortuzaj-2 éshté pusi mé i thellé
gé éshté shpuar né rajonin e Tiranés.
Detyra e pusit ka gené kérkimi pér sh-
tratime nafte né prerjen karbonatike,
detyré qé nuk u realizua dhe pusi
mbeti né depozitimet flishore e
flishoidale né thellésiné 4505 m.
Prerja gjeologjike pérfagésohet nga
depozitime me moshé Burdigaliane,
Akuitaniane dhe Hatiane, dhe kané
kénde rénie té médhenj. Treguesit
pirolitiké (analiza “Rock-eval”) evi-

dentojné qé prerja e kapur nga pusi
éshté e varfér né léndé organike e
tipit té treté, e afté té gjenerojé hi-
drokarburé té gazté té natyrés sé
thaté. Gazi hidrokarbur i marré né
thellésing 3902.5 m éshté me origji-
né nga prerja me e thellé, gjé qé rrit
perspektivén pér kérkimet hidrokar-
bure. Rezultatet e pérfituara nga pusi
Fortuzaj-2 ndihmuan né prognozimin
e njé strukture antiklinale né lindje e
quajtur “Antiklinali i Saukut”.
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ABSTRACT

This article analyses the results obtained from the study of sedimentary logging data of
the Fortuzaj — 2 borehole, through pyrolytic (“Rock-eval” analysis) and gas chromato-
graphic methods. The sedimentary succession spanned by this borehole is represented
by Chattian (upper Oligocene), Aquitanian and Burdigalian deposits. Geochemical
analyses were conducted on samples from slurry, drilling cuts and gas. The investigat-
ed borehole, although the deepest, it got stuck in the upper Oligocene flysch and didn’t
meet the oil beds. Due to the fact this was the only drilling in the Albanides where gas
emissions were found in the upper Oligocene flysch, it was considered quite important
to study the existing data taken from the borehole through the above mentioned meth-
ods. This study highlights the values of the hydrocarbon generating potential treated
with the “Rock-eval” analysis, and the origin of the gas occurrences at the depth of
3902.5 meters of this borehole. Through the two geochemical methods applied within
this study, it was determined the amount, type and maturity of the organic matter,
as well as the geochemical characteristics of the hydrocarbon gases appearing in the
borehole, which turned out to be mature and of the fatty type.

Keywords: pyrolysis, Fortuzaj-2 borehole, organic carbon, hydrogen index, isomeriza-

tion ratio.

INTRODUCTION

The study of the Fortuzaj-2 borehole
was undertaken for the following
reasons: this was the deepest bore-
hole ever drilled in the Tirana region
and it did not solve the task for which
it was drilled, which was the capture
of oil deposits in the carbonate sec-
tion. The drilling got stuck in the up-
per Oligocene flysch deposits. This is
the only borehole in the Albanides
where mature hydrocarbon gas emis-
sions were documented within the
upper Oligocene interval, at a depth
of 3902.5 m.

For this study, it was determined
initially the hydrocarbon forming
potential of the Fortuzaj-2 borehole
section and it was also concluded
that the gas occurrence at a depth of
3902.5 m must have originated from

the deepest part of the section.

The oil and gas exploration are be-
ing oriented on the overthrust front
and under it, in the deepest parts of
sedimentary deposits, with high gen-
eration potential due to the level of
maturity. These two factors had been
taken into account for the design and
drilling of the Fortuzaj-2 borehole.
During the drilling of the borehole
there were recorded gas emissions
which created problems for the drill-
ing works advancing into the deeper
part. These problems encouraged
the geochemical study of the sedi-
mentary succession. The application
in this study of the chosen geochemi-
cal methods supported the identifi-
cation of the amount, type and ma-
turity of the organic matter, as well

1UPT, FIMF, Tirana; *UPT, IGJEO, Tirana
e-mail: eninocka@yahoo.com
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as the geochemical characteristics of
the hydrocarbon emissions.

GEOLOGICAL SETTING

The Fortuzaj region is located in the
northern sector of the Papér — Rové
— Fortuzaj area (Fig. 1), which accord-
ing to the existing studies, it was con-
cluded that this region represents
the northernmost continuation of

the lonian zone. The Fortuzaj-2 bore-
hole cross sediments of Burdigalian,
Aquitanian and upper Oligocene
ages. The dipping angle of the layers
is big and this explains the fact that
although the drilling reaches high
depths, the well passed through a
reduced sedimentary succession re-
garding its age. The lithological col-
umn crossed by the Fortuzaj-2 bore-
hole is shown in figure 2.

Figure 1. Geological map of Fortuzaj area (after Xhomo et al. 2002).
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The lithological description will not
include the entire sedimentary suc-
cession of the region, but only that
intersected by the Fortuzaj-2 bore-
hole (Fig. 2).

Paleogene deposits
Upper Oligocene (Pg?)

These deposits are found only in
the Papér — Rové — Fortuzaj fly-
sch belt, which it’s considered the
continuation of the lonian tectonic
zone. Lithologically, they are repre-
sented by a flyschoidal sequences
with claystones and sandstones, in-
tercalated locally with thick beds of
massive sandstones and conglomer-
ates. Characteristic is the presence of
limestone — sandstone layers, which
are generally located in the ceiling of
the collapsed horizons. The thickness
of the upper Oligocene varies from
500 m to 1100 m, while in Fortuzaj-2
well, these deposits were met at a
depth of 3160 m.

Neogene deposits

The only Neogene sediments iden-
tified in the borehole are those of
early Miocene age, more precisely
the Aquitanian and Burdigalian ages.

Aquitanian (N 'a)

These deposits have very limited
distribution. In the Fortuzaj-2 bore-
hole, they were met in the interval
2320 — 3160 m, at high dipping an-
gles (about 60°) and almost west-
ern orientation. Generally, they are
represented by flyschoidal succes-
sion of claystones, siltstones and
sandstones, with rare intercalated
horizons. In general, the section con-
sists of thin laminated claystones —
sandstones flysch, rich in planktonic
foraminifera such as: Globigerina tri-
locularis, G. venezuelana, G. woodi,

Globigerinoides primordius and Glo-
boquadrina dehiscens, which belong
to the Globoquadrina dehiscens zone
typical for the Aquitanian age (Yzeiraj
et al. 2004). Looking carefully at the
section in the field, no angular or azi-
muthal discordances were observed,
also no new fauna was found that
can indicate this is the base of the
Burdigalian transgression. But, on
the other hand, the lack of Neogene
fauna, characteristic for Aquitanian,
shows that the presence of these de-
posits should be doubted. Consider-
ing the complexity of the problem,
it is assumed that the Aquitanian
deposits from Petrela and further to
the north were washed away. By not
giving another solution regarding the
age of these deposits, on the present
geological map they are considered
as Aquitanian. The thickness of these
deposits in the studied sections var-
ies from 50 m to 120 m, while in the
borehole they were found between
2320 m and 3160 m.

Burdigalian (N 'b)

The Burdigalian deposits are more
widespread than those of Aquita-
nian age. In the southern part of
the area, they overlay transgressiv-
elly the structures of Kruja zone, and
reach quite close to the limestone
sediments. Lithologically, they are
composed of marlstones, marly clay-
stones, siltstones and lithothamnic
limestones with macroforaminifers.
The Fortuzaj-2 borehole was drilled
in this area with the goal to reach the
limestone level. This level was not
met and the borehole got stuck in
the upper Oligocene deposits (Yzeiraj
et al. 2004). Tectonically, the Rové —
Fortuzaj flyschoidal block represents
an anticlinal unit located below the
Kruja tectonic zone. This fact has
been determined by the latest stud-
ies carried out in this region (Dorre et
al. 2004; Prifti & Dorre 2009).
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Figure 2. Lithological column of the Fortuzaj-2 borehole.

METHODOLOGY

The methods applied within this
study were selected in accordance
with the type of samples collected
during the drilling process. The sam-
ples which were subjected to geo-
chemical analyses were as below:
pieces of slag (core sludge), core
samples (taken with a sampler) and
gas samples. The range of geochemi-
cal methods that are applied to vari-
ous geological sections within bore-
holes is quite wide, but for this study
were selected only two: the pyrolytic
method (or “Rock-eval” analysis) and
the gas chromatographic method for
gas occurrences encountered in the
borehole during the drilling process.

The pyrolytic method, or “Rock-eval”
analysis, is a basic method that de-
termines the evolution of the rock
during the programmed increase in
temperature. As a result, the applied
procedure is based on four pyrolytic
cycles where the following param-
eters are determined:

eThe amount of free hydrocarbon
gases in the studied sample, soil, or
rock (S, = mg.HK/g.rock);

eSThe amount of free liquid hydro-
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carbon in the studied sample, soil,
or rock (S, = mg.HK/g.rock;

eThe amount of hydrocarbon gener-
ated during the thermal process in
the studied sample, soil, or rock (S,
= mg.HK/g.rock);

eThe maximum temperature in oC
where the generation of hydrocar-
bons occurs (S,), expressed as T__
and is categorized according to the
level of maturity;

eThe content of organic matter ex-
pressed as Total Organic Carbon
(TOC);

e|Hydrogen index which express-
es the quality of organic matter
(HI=S,/TOC *100);

*Productivity index (PI=S /(S,+S,).

The gas chromatographic method
is the main method used to deter-
mine the hydrocarbon composition
of natural gases within the methane
to normal heptane (CH, ) range. Iso-
meric forms and unsaturated hydro-
carbons (C H_ ) are also determined.

n

2]
The results of the analyses are also
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presented graphically by means
of gas chromatograms charts. This
method is realized by using the “Gas
chromatograph” device.

RESULTS AND DISCUSSIONS

The pyrolytic analysis results ob-
tained with the “Oil Show Analyser”
device are presented below (Tab. 1).

Table 1. The pyrolytic analysis results from the geological section crossed by the
Fortuzaj-2 borehole.

N Depth Age "Rock-eval" analysis indicators
o.
(m) (Stage) |S,| S, S, L. TOC HI Pl

1 559,00 Nllb 0 0 0,36 431 0,25 144 0
2 788,00 N'.b 0| 0,03 0,96 425 0,53 181 0.03
3 | 1173,00 N b 0 0 0,21 431 0,29 72 0
4 1427,50 Nllb 0 0 0,13 433 0,19 68 0
5 | 1614,00 N b 0 0 0,34 431 0,34 100 0
6 1864,50 Nllb 0 0 0,38 433 0,35 108 0
7 | 2139,00 N.b 0 0 0,07 433 0,15 46 0
8 | 2321,00 N'a 0| 0,02 0,35 431 0,27 129 0.054
9 2728,00 Nlla 0 | 0,06 0,53 427 0,33 160 0.101
10 [ 2852,50 N'a 0 0 0,2 431 0,2 100 0
11 [ 2890,00 N'a 0 0 0,31 430 0,24 129 0
12 | 2945,00 Nlla 0 0 0,34 430 0,25 136 0
13 [ 2975,00 N'a 0 0 0,26 431 0,27 96 0
14 | 3045,00 N'a 0 0 0,27 432 0,21 128 0
15 | 3080,00 Nlla 0 0 0,36 431 0,32 112 0
16 | 3165,00 Pg’, 0 0 0,31 433 0,32 96 0
17 | 3205,00 Pg’, 0 0 0,31 434 0,28 132 0
18 | 3360,00 Pg33 0 0 0,41 434 0,36 113 0
19 [ 3415,00 Pg’, 0 0 0,31 432 0,34 91 0
20 | 3530,00 Pg’, 0 0 0,27 435 0,29 93 0

Based on this method were identified
the geochemical features of the or-
ganic matter encountered in the sed-
imentary succession crossed by the
Fortuzaj-2 borehole are (Prifti 1987).
The gas emissions were analysed by
using the gas chromatographic meth-
od where their hydrocarbon compo-
sition was determined (Table 2).

The gas emissions occurred the Aqui-

tanian (N,'a) and Chattian (Pg_?) sedi-
ments. The data obtained with the
pyrolytic method (or “Rock-eval”
analysis) using the “Oil Show Analy-
ser” are used to determine the fol-
lowing:

1.The amount of organic matter ex-
pressed in total organic carbon (%);
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2.The type of organic matter, or its
quality;

3.Maturity of organic matter;

4.Free organic matter represented by
hydrocarbons

5.Products of the thermal cracking of
organic matter.

Table 2. Hydrocarbon composition of gas occurrences in the Fortuzaj-2 borehole.

Hydrocarbon composition of gas occurrences in the Fortuzaj-2 borehole (%vol-
Interval ume)
(meter) ) .

CH, CH, CH, | iCH | nCH |iCH, | nCH | SC6 | SC7
2789.5 |[96.554 | 0.766 | 0.175 | 0.019 | 0.019 | 0.008 | 0.004 | 0.006 | 0.004
3893.6 |[96.778 | 0.641 | 0.32 | 0.028 | 0.015 | 0.006 | 0.004 | 0.011 | 0.011
3902.5 |[88.989 | 3.969 | 1.467 | 0.313 | 0.821 | 0.548 | 0.763 | 0.919 | 0.508
3909 99.773 | 0.203 | 0.024

The amount of organic matter

The amount of organic matter was
determined by the pyrolysis of rock
samples using the “Rock-eval” de-
vice (Table 1). Thus, the Burdigalian
deposits exhibit a content of organic
matter that fluctuates in the range of
0.15+0.53 (Table 1). The Aquitanian
deposits have quantities of organic

matter from 0.25 % to 0.33 %, while
in the upper Oligocene deposits the
organic matter content fluctuates
from 0.28 % to 0.36 % (Fig. 3). These
data suggest that these drilled sedi-
ments are quite poor in organic mat-
ter.

Figure 3. Total Organic Carbon content (TOC) and the residual genetic potential
(S,) in the section of Fortuzaj-2 borehole.
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Type of organic matter (Classifica-
tion of organic matter according to
the pyrolytic parameters)

Based on the pyrolytic indicators
described above, it was realized the
classification of the organic matter

(Fig. 4). Based on the total organic
carbon and the residual genetic po-
tential, were divided five geochemi-
cal types of organic matter which are
presented in figure 4: A - Very poor;
B — Poor; C - Sufficient; D— Good and
E — Very good.

Figure 4. Geochemical types of organic matter according to TOC dhe S,.

Based on the pyrolytic indicators
(with the Rock-eval device) another
classification is made according to
the HI hydrogen index. In this way,
the types of organic matter and their
hydrocarbon generating potential

were determined, such as their ca-
pability of generating oil, oil, oil and
gas, or only gas (Prifti 1987). This
classification is presented in table 3
and figure 5.

Table 3. Geochemical types of organic matter according to HI.

Potential types of organic matter

Hydrogen index

Residual genetic potential
(S2=mg.HK/g.shk.)

I. Generates oil > 300 >10
Il. Generates gas and oil 200 + 300 5+10
I1l. Generates hydrocarbon gas 50+ 200 1+5

73



Bul. Shk. Gjeol. (Nr. 1/2023)

Nogka E., Gjikaj I., Rrota Gj.

Figure 5. Hydrogen index and types of organic matter in the Fortuzaj-2
borehole

Based on the values of the pyrolytic
parameters, the organic matter of
the investigated sediments crossed
by the Fortuzaj-2 borehole is of the
third type, capable of generating hy-
drocarbon gas. The deeper part of
the section has higher potential as it
is more mature (Muska & Prifti 1991).

Maturity of the organic matter

The maturity of the organic matter in
the Fortuzaj-2 borehole was evaluat-
ed by means of two geochemical in-
dicators, which are the pyrolytic indi-
cator T__ and the productivity index.

Maximum temperature (T__)

As described above, the maximum
temperature (T__) in the Fortuzaj-2
borehole (Fig. 6) fluctuates in the
range of 425 — 435 °C. These values
show that the organic matter was not
mature close to the entrance of the
oil window. The interpretation of this
indicator is given in figure 5, where
up to 435 °C is the immature stage,
between 435 and 465°C the organic
matter is mature and it’s included
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in the oil window, while when it ex-
ceeds the value of 465 °C it is includ-
ed in the over — mature stage.

Assessment of the maturity accord-
ing to the productivity index (PI).

The productivity index is evaluated in
the amount of oil found in the rock
samples (S,) and in the amount of
oil that will produce organic matter
(S,), the productivity index: Pl= 'S /
(5,+S,). Based on the productivity in-
dex it was possible to establish the
maturity level of the organic matter
encountered in the lower Miocene
and Chattian sediments. This ratio
has been evaluated in three inter-
vals: at the depth of 788 m where it
has a value of 0.003 and at the depth
of 2321 m where it reaches the value
of 0.054. The organic matter is im-
mature. While at the depth of 2728
m, it reaches a value of 0.101 and it
is considered mature. It was noticed
a tendency of increase of the pro-
ductivity index (Pl) with the depth.
The sediments deeper than 4500 m
are in the oil window. The productiv-
ity index is also correlated with the
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Tmax. The organic matter exhibits a
tendency to increase with the depth
increase. Thus, natural gas it can be
expected in this section.

Gaseous hydrocarbons

In the section of the Fortuzaj-2 bore-
hole there were occurrences of gas-
eous hydrocarbons. Based on the
Methane/Ethane and Methane/Eth-
ane+ ratios, the geochemical types

of hydrocarbon gases appearing in
the cross section from the Fortuzaj-2
borehole (Tab. 4; Fig. 7), were deter-
mined. The gas obtained at a depth
of 3902.5m is of fatty type and gen-
erated from the deepest geological
section. While the other three sam-
ples are hydrocarbon gases of a very
dry type, which are generated by the
sedimentary section crossed by the
borehole (Prifti 1987).

Figure 6. Maturity of organic matter in the section of the Fortuzaj-2 borehole
according to T__ and the Productivity Index-(PI) .

Tabela 4. Hydrocarbon composition of gas occurrences in the Fortuzaj-2 borehole.

Interval

Hydrocarbon composition of gas occurrences in
the Fortuzaj-2 borehole

(metér)

icnc, | ci/c2 | ci/ca+

Wh Bh cH c2/c3

2789.5 1 126.050 96.458

1.016 |432.533| 0.286 | 4.377

3893.6 1.867 150.980 | 114.125

0.846 |526.589| 0.402 4.856

3902.5 0.381 22.421 9.560

8.136 | 23.762 | 1.667 2.706

3909 491.493 | 439.529
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Figure 7. Geochemical types and maturity of hydrocarbon gases in the
Fortuzaj-2 borehole .

The gases maturity was evaluated
with the iC4/nC4 ratio, which reaches
values from 0.38 to 1.86. For values
smaller than 1, the gas is mature and
has migrated from the deeper part
of the section, and this fact increases
the prospect of searching for gas de-
posits in the deepest sections.

Assessment of the fluid content in
the Fortuzaj-2 borehole

The geochemical indicators deter-
mined in the gas sampled at the
mouth of the Fortuzaj-2 borehole for
the assessment of the fluid content
are as follows:

*Metan/Etan ratio- C /C,

*Metan/Etan ratio + = C /
(C2+C3+C4+C5)

eFat ratio (Wh), Wh=
(C,+C,+iC,+nC,+iC.+nC,)/
(C,+C+C,+iC,+nC,+iC.+nC,)*100

eHydrocarbon  Balance  Report:
Bh=(C,+C,)/ C,+iC,+nC,+iC_+nC,)

eHydrocarbon character ratio:
Ch=(iC,+nC,+C+nC,)/ C,
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eEtan/Propan ratio = C,/ C,

When the Fat ratio (Wh) is smaller
than 0.5, there is no productivity,
compared to when this ratio is be-
tween 0.5 and 17.5, and it’s consid-
ered gas-bearing. In the Fortuzaj-2
borehole this parameter ranges be-
tween 0.85 and 8.14, which indicate
the existence of hydrocarbon gas in
the deeper part of this section.

Hydrocarbon balance report (Bh) is
a parameter which decreases when
the density of the fluid in the tank in-
creases. In the cross section from the
Fortuzaj-2 borehole, there are high
values, and it is fluctuating in the
range of 23.8 - 526.6. So, this bore-
hole is of interest for hydrocarbon
gas deposits investigations.

Hydrocarbon ratio (Ch) displays low
values (0.4 - 1.6) and indicates a gas-
bearing section.

When the ratio C,/C, has high values
(>2), indicates a gas-bearing section.

Based on these parameters, the hy-
drocarbon gas of the Fortuzaj-2 bore-
hole originates from the sediments
crossed by the well. The deeper sec-
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tion can be considered with interest
for the hydrocarbon gas exploration.

CONCLUSIONS

Fortuzaj-2 borehole is the deepest
borehole that had ever been drilled
in the region of Tirana.

The task of the borehole was to ex-
plore the oil depositsin the carbonate
section, a task that was not accom-
plished since the borehole got stuck
in the flysch deposits at the depth of
4505 m. The sedimentary succession
is represented by Burdigalian, Aqui-

tanian and Chattian deposits which
have sharp dipping angles. The pyro-
lytic indicators (“Rock-eval” analysis)
indicated that the borehole is poor
in organic matter, of the third type
capable to generate fresh hydrocar-
bon of dry nature. The hydrocarbon
gas taken at the depth of 3902.5 m
originates from the deepest part of
this section, and this fact increases
the prospect for hydrocarbon explo-
ration. The results obtained from the
Fortuzaj-2 borehole were helpful for
the prognosis of an anticline struc-
ture in the eastern part called the
“Sauk Anticline”.
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ABSTRAKT

Objektivi i kétij artikulli ishte realizimi i njé modeli gjeotektonik tredimensional (3-
D) né zonén e Basenit té Adriatikut Jugor (BAJ) duke integruar té dhénat gjeologjike
dhe sizmike, qé té ndihmonte né vlerésimin gjeometrik té shképutjeve dhe historisé
tektonike té késaj zone. Zona shtrihet nga Mali i Zi, né Shqipéri e deri né Gregqi, dhe
éshté zona ku zhvillohet aktiviteti mé i larté sizmik né vend duke gene i karakterizuar
nga shképutje tektonike e té shumta, shumica e té cilave sizmoaktive. Sot né mbaré
botén, zhvillimi teknologjik ka mundésuar automatizimin e krijimit té data bazave al-
fanumerike dhe dizenjimin e kétyre té dhénave né formé grafike. Kéto mundési ofrojné
njé paragitje sa mé prané reales té ndértimit gjeologjik né harta digjitale 3D. Artikulli
éshté njé pérpjekje pér studimin dhe trajtimin e paragitjes né 3D té tektonikés, pér
pjesén detare, nga sipérfagja drejt thellésisé, metodika e ndértimit té saj né aspektin
tredimensional duke u bazuar né té dhéna té cilat si pikénisje kané tavanet moshoré,
izolinjat dhe tin - et.

Fjalé kyge: 3D, baseni i Adriatikut jugor, sizmike, shképutje aktive, Serravalian, Torto-
nian, Mesinian, tektogjenezé, TIN, izolinja.

HYRJE

Aktiviteti i larté sizmik dhe ngjarjet
sizmike té cilat kané karakterizuar
vendin toné, veganérisht 3 — 4 vitet
e fundit, kané shtruar nevojén e
njé studimi mé té thellé té té gjithe
proceseve pérgjegjése pér gjeneri-
min e térmeteve dhe fenomeneve té
tjera lidhur me to. Studiuesit shqip-
tare kané kryer njé numér té madh
studimesh né fushén e tektonikés,
eksplorime gjeofizike dhe kérkime
sizmologjike né té gjithé territorin
shqgiptar, duke pérfshiré dhe BAJ.
Kjo ka mundésuar grumbullimin e té
dhénave origjinale té bollshme dhe
té besueshme, por aktualisht, as-
njé studiues nuk i ka pérdorur kéto
té dhéna pér té kryer njé punim té
detajuar té modelimit 3D té tektoni-
kave té vendit. Integrimi i kétyre té
dhénave shumédisiplinore pér té kri-
juar njé model struktural gjeometrik
3D, gé ka té béjé me tektonikén siz-
mogjene, mund té jete njé celés pér

kufizimin e vlerésimit rajonal té rrezi-
kut sizmik me njé numér té madh
shképutjesh tektonike aktive dhe ak-
tivitet té shpeshté sizmik.

Eshté i njohur fakti gqé territori shg-
iptar (Papa 2000) karakterizohet prej
njé numri té madh shképutjesh tek-
tonike aktive dhe nga njé aktivitet
i vazhdueshém sizmik dhe per keté
arsye, kéto kufij té bllogeve aktive
(zona shképutjesh tektonike té thel-
la térthore dhe gjatésore) jané el-
emente strukturore sizmogjenetike.
Shkaku kryesor i aktivitetit sizmik
né kéto kufij éshté pérplasja mes dy
pllakave té médha: pllakés Euroazi-
atike dhe asaj Afrikane. Kjo e fundit
luan njé rol té réndésishém né zonén
Adriatike, sepse si shkak i [évizjeve té
saj veriore brenda dhe afér territorit
shqiptar, ajo ushtron stres dhe éshté
pérgjegjése pér aktivitetin sizmik né
vendit toné.

1Shérbimi Gjeologjik Shqiptar, Tirané
e-mail: marku2s@yahoo.com
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Njé kategori térmetesh kané vatrat
pérgjaté bregdetit Jon dhe Adriatik
dhe studimet tregojné se pérgjegjése
pér térmetet e Durrésit mé 23 Shta-
tor dhe 26 Néntor dhe para e pas go-
ditjet e tyre jané njé séré planesh tek-
tonike, té cilét vendosen né pjesén
bregdetare edhe detare té Shqipérisé
(Doda et al. 2019, 2020). Pér keté fakt
paragitja e tektonikave né toké dhe
né det, njohja e lévizjes dhe sjelljes
sé tyre né thellési té médha, ku né
pérgjithési lindin térmetet, pérbén
njé element kyg né pércaktimin e sjel-
ljes sé litosferés dhe rrezikut gjeolo-
go — sizmik té lidhur me té. Ményra
se si té integrohen me efikasitet té
dhénat gjeotektonike, gjeofizike dhe
sizmike pér ta béré kété model sa
mé té afért me realitetin pérbén njé
sfidé parésore né lidhje me apliki-
min e modelimit tridimensional i cili
integron kéto té dhéna me natyré té
ndryshme qé e pérmendém mé lart.
Studimi mé i detajuar bazuar né té
dhéna stratigrafike, strukturore, gje-
ologo - gjeofizike, pérfshiré kétu dhe
profilet sizmike né toké e det dhe té
dhénat nga puset e thella, gjithashtu
do ndihmojé né njohjen mé té miré
té marrédhéniet mes zonave Kruja,
Jonike e Sazani. Thellimi i studimeve
mbi tektonikén mundéson njé stu-
dim mé té hollésishém té ngjarjeve
sizmike.

NDERTIMI GJEOLOGJIK

Lévizjet tektonike shképutése
shogérohen me c¢lirim té energjisé
té bllogeve dhe jané pérgjegjése pér
lindjen e veprimtarisé sizmike. Né
hartén botérore té rrezikut sizmik,
bazuar né vlerat e akselerimit (g),
Shqgipéria ndodhet né zonén e kuge,
renditet né vendin e 43, duke e kla-
sifikuar né grupin e vendeve qé
paragesin risk té larté sizmik (Marku
et al. 2014, 2021; Mugo 1995; Orme-
ni & Marku 2009). Aktiviteti sizmik
né vend konsiderohet i moderuar,
cka do té thoté gé Iékundjet me mag-
nitudé té mesme jané té shpeshta,
dhe né ményré periodike ka Iékundje
té forta dhe shumé té forta me pa-
soja té rénda (Marku et al. 2021). Pér
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parandalimin e rrezikut gé vjen nga
aktiviteti sizmik duhen ndérmarré
studime né té cilat duhet té bazohe-
mi pér té hartuar kodet antisizmike,
té cilét pércaktojné normat e ndér-
timit né rajone té ndryshme duke
marré né konsideraté rrezikun sizmik
té ¢do rajoni. Eshté e réndésishme
njohja e miré e tektonikés, e cila na
ndihmon né kuadér té kétyre studi-
meve té ndértojmé hartat e makro-
zonimit dhe mikrozonimit sizmik.

Sizmiciteti i vendit toné éshté i lidhur
me zonat sizmogjene té shpérndara
né gjithé territorin e Shqipérisé.
Gjaté katér dekadave té fundit jané
propozuar katér modele sizmotek-
toniké, té cilét e kané ndaré territorin
né disa zona sizmogjene. Njé model
té ndarjes sé territorit té vendit toné
né zona sizmogjeno aktive jepet nga
Aliaj et al. (2010). Njé model fillestar
u pércaktua nga Aliaj (2000) né Shqg-
ipéri, ku u evidentuan gjithsej gjashté
zona sizmogjene, nga té cilat, tre zona
sizmogjene gjatésore ndérpriten kryq
nga tri zona térthore, respektivisht:
zona sizmogjene gjatésore Joniano —
Adriatike, Shkodér — Mat — Librazhd
- Bilisht dhe Peshkopi — Korgé (zona
e Drinit) dhe ato térthore, Shkodér -
Pejé, Lushnje — Elbasan dhe Vloré —
Tepelené.

Njé prej zonave me potencial sizmik
té larté karakterizuar nga shképutje
gjatésore sizmoaktive éshté dhe
zona e shképutjeve sizmoaktive Jo-
niano-Adriatike gé shtrihet nga Mali
i zi, népér Shqipéri e deri né Greqi.
Né kété zoné zhvillohet aktiviteti mé i
larté sizmik né vend. Pérgjaté saj jané
regjistruar disa térmete té fugishém
me intensitet né epigendér lo = VIII -
IX ballé dhe magnitudé deri mbi 6.5.

Si¢ tregojné studimet sizmike, plat-
forma gé ndodhet né kéto dete
ndértohet nga dy facie té ndryshme
karbonatike: (a) njé platformé e kara-
kterizuar nga facie karbonatike té
thella, e emértuar si Baseni i Adriati-
kut Jugor (BAJ), gé lokalizohet né veri
té Sazanit, ose mé sakté, né veri té
térthores Vloré — Shkup me shtrirje
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lindje-peréndim dhe né peréndim té
Ultésirés Adriatike dhe (b) platforme
karbonatike e facies sé cekét, e quaj-
tur platforma Apuliane, e cila shtrihet
ne jug té basenit té Adriatikut jugor
dhe né perendim té zonés gjeologjike
Sazani. Kjo zoné karakterizohet nga
shképutje tektonike té shumta, shu-
mica e té cilave jané sizmoaktive.

Né orogjenin shqiptar identifikohen
tri zona gjatésore dhe dy zona tér-
thore té shképutjeve aktive kryesore
gé jané: 1) Zona Joniano — Adria-
tike e shképutjeve mbihipése me
shtrirje veriperéndimore (VP) deri
aférsisht veri — veriperéndim (VVP);
2) Zona Shkodér — Mat — Librazhd e
shképutjeve normale grabenore me
shtrirje veriperéndim (VP); 3) Zona
Peshkopi — Korgé e shképutjeve nor-
male grabenore me shtrirje veri (V) —
jug (J); 4) Zona Shkodér — Tropojé e
shképutjeve normale me shtrirje ver-
ilindje (VL), dhe 5) Zona Lushnjé — El-
basan — Dibér e shképutjeve normale
me shtrirje VL (Aliaj 2000).

Zona Joniano — Adriatike

Zona e shképutjeve sizmoaktive Jo-
niano-Adriatike, éshté njé zoné qé
shtrihet pér disa gindra kilometra
pérgjaté bregdetit Adriatik dhe Jon,
karakterizohet nga shképutje mbi-
hipése dhe ndahet ne tri segmente
népérmjet térthoreve Shkodér — Pejé
dhe Vloré — Tepelené, si vijon:

1.Njé segment verior me shtrirje V
— VP i karakterizuar nga njé zoné
shképutjesh mbihipése para — Plio-
cenike té zonés Kruja (Dalmate)
ende aktive edhe sot, i cili vazhdon
mbi 200 km nga Lezha né Ulgin dhe
mé tej pérgjaté bregdetit Dalmat.

2.Njé segment gendror me shtrirje
V deri V — VP, i karakterizuar nga
shképutje post-Pliocenike  mbi-
hipése né shtypje oblike té Ulté-
sirés Adriatike, gé vazhdon pér
rreth 130 km nga Lezha deri né veri
té Vlorés.

3.Njé segment jugor me shtrirje VP,

i karakterizuar nga shképutje mbi-
hipése para-Pliocenike, kryesisht
té zonés Jonike, ende aktive edhe
sot, gé vazhdon pér rreth 250 km,
nga Vlora né Konispol dhe mé tej,
pérgjaté bregdetit Jonian, né Greqi.

Analiza e térmeteve qé jané prod-
huar né kété zoné tregojné gé kétu
aktivizohen aktualisht dy sisteme
shképutjesh: njé sistem me drejtim
VP — juglindje (JL) gé pérputhet me
drejtimin e pérgjithshém té shtrirjes
sé strukturave kryesore gjeologjike
dhe sistemin térthor me té€, ai VL—JP,
gé lidhet me shképutjet térthore, té
cilat presin e spostojné ato gjatésore
dhe jané mjaft aktive dhe me poten-
cial té larté sizmik. Té dhénat gje-
ologjike dhe gjeofizike té kryera né
kété zoné, si né pjesén kontinentale
ashtu dhe né até detare, kane nxjerré
pérfundimin se zona e shképutjeve
Jonian — Adriatike pérbéhet si nga
shképutje gjatésore té tipit mbihipje
ashtu edhe nga shképutje térthore
té tipit shtytje (Skrami & Aliaj 1995a,
1995b).

Né piképamje gjeologjike zona e stu-
dimit gé ndodhet né detin Jon dhe
Adriatik, né peréndim té Ultésirés
Adriatike dhe zonés gjeologjike Saza-
nit dhe né jug, né detin Jon, kufizo-
het me zonén Jonike dhe pérkon me
shtrirjen e Baseni i Adriatikut Jugor
(BAJ). Ajo éshté e prekur nga tektoni-
ken ekstensive gjate Pliocen — Kua-
ternarit.

Baseni i Adriatikut Jugor (BAJ)

Zona gjeologo — tektonike BAJ éshté
njé ndér zonat tektonike té Shg-
ipérisé, e vendosur mbi njé baza-
ment karbonatik té pa rrudhosur.
Depozitimet e saj kané vijueshméri
stratigrafike deti né Neogjen. Kjo
zoné kufizohet nga verilindja, lindja
dhe juglindja me frontin mbihipés
té orogjenit Kruja dhe Jonik (Xhomo
et al. 2011). Pér kété zoné té dhénat
jané té pakta né literaturé. Hyseni et
al. (2019) ka kryer interpretim té de-
pozitimeve népérmjet té dhénave té
profileve sizmike té kryera né kohé té
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ndryshme duke filluar prej vitit 1989
e deri né vitin 2005. Njé ri — inter-
pretim i kétyre té dhénave éshté né
proces e sipér nga Marku et al. (2020
—2024). Né figurén 1 jepet njé pjesé

Figura 1. Profili sizmik RO-91-124 me interpretim gjeologjik (Burimi AQTGJ, SHGJSH.

e njérit prej profileve sizmiké té ri —
interpretuar gjaté kétij procesi pér té
dhéné njé ide té vazhdimésisé sé de-
pozitimeve té késaj zone.

Konvertimi kohé — kohé dhe kohé — thellési nga E. Silo.
Interpretimi gjeologjik nga S. Marku, né Marku et al. 2022 — 2024).
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Baseni i Adriatikut Jugor éshté
akumulimi mé i madh sedimentar
(Neogjen — Kuaternar) né zonén gen-
drore dhe jugore té Adriatikut pér sa
i pérket dimensioneve horizontale
dhe vertikale dhe aksi i tij éshté zh-
drejt me strukturén e pérgjithshme
té brezit té Dinaride/Albanideve. Kjo
njési fillon né verilindje té kepit té
Garganos ku aksi i tij shképutet ploté-
sisht nga brezi i shtytjes dinarike duke
u vendosur deri 100 km né peréndim
té shtytjeve mé té jashtme dinarike.
Drejt juglindjes, baseni zgjerohet dhe
thellohet duke arritur njé trashési
mbi 8 km né zonén detare shqiptare.
Pasi éshté i pranishém né breg té de-
tit shqiptar, ai formon depresionin
e Tiranés dhe mé pas shfaq njé ten-
dencé té cekét drejt juglindjes dhe
pérfundon duke dalé né jug té Tira-
nés (Grup Autorésh 1983; Frashéri et
al. 1996; Bérxolli et al. 2000).

Késhtu, depozitimet sedimentare
té pellgut dhe bazamenti i tij ekspo-
zohen né Shqipériné gendrore dhe
jugore, duke ofruar njé mundési té
réndésishme pér té studiuar gjeo-
metriné e thellé té tij. Sedimentimi
terrigjen pérfagésohet nga depozi-
time molasike té moshave Serraval-
ian — Tortonian — Mesinian — Pliocen.
BAJ shtrihet mbi zonén Jonike né jug-
lindje dhe zonén e Krujés né pjesén
mé lindore té tij.

Nga juglindja né verilindje, trashé-
sia e molasave rritet, duke arritur né
5.000 — 7.000 m né veri té zonés sé
Rodonit (né det). Gjaté kohés kur u
formuan dhe u rrudhosen depozi-
timet e Basenit e Adriatikut Jugor,
strukturat karbonatike té ngjitur,
dmth ato té zonés Kruja, si rezultat i
zhytjes intensive té basenit té Adria-
tikut Jugor, u zhvendosén drejt veril-
indjes dhe u rrotulluan né drejtim té
kundért, duke rritur shkallén e kom-
pleksitetit tektonik dhe zévendésimi
né peréndim (Velaj 2012).

METODOLOGIJIA

Pérshkrim i shkurtér i konceptit té
tektonikave dhe réndésisé té stu-
dimit té tyre

Modelimi gjeologjik 3D éshté njé
proces bashkékohor cili mundéson
realizimin e modeleve gjeologjike
tredimensionale, prej té dhénave té
pérdorura zakonisht né gjeologji, té
tilla si harta ose profile gjeologjike,
duke forcuar aftésiné pér té kuptuar
dhe paragitur modele gjeotektoni-
ke dhe strukturore. Puna joné filloi
duke krijuar njé arkivé komplekse gé
pérmban njé sasi té réndésishme té
dhénash té disponueshme né liter-
aturé si¢ jané studimet hartografike,
fotografike, gjeologjike, gjeofizike
dhe sizmike pér strukturén gje-
ologjike té BAJ, por modeli synohet
té jeté evolucionar, né kuptimin gé
mund té pérmirésohet, qofté né niv-
el lokal apo mé gjeré. Né kété rast,
kontributi i gjeologut éshté thelbésor
pér formulimin e hipotezave koher-
ente gjeologjike dhe té pércaktimit té
procesit té integrimit té té dhénave
té cilat kané origjiné té ndryshme
(shképutje tektonike té identifikuara
nga gjeofizika, shpimet, rilevimet
strukturore etj.).

Pérmes vizualizimit dhe analizés in-
teraktive 2D dhe 3D, me ndihmén
e kétij modeli, ne do t’i vértetojmé
kéto té dhéna dhe konsistencén e
tyre gjeometrike, ku objektet gje-
ologjike grupohen dhe interpretohen
sipas funksionit té tyre tektoniko-
struktural dhe stratigrafik. Ndér ob-
jektet gjeologjike gé mund té mod-
elohen, njé vend té privilegjuar kané
shképutjet tektonike. Duke gené se
shumica e vézhgimeve gjeologjike
béjné té mundur vetém analizimin
e thyerjeve tektonike qé jané afér
sipérfaqges, lind problemi i vizualizim-
it dhe evolucionit té tyre né thellési,
digka gqé éshté pothuajse e pamun-
dur té vézhgohet né sipérfage.

Lévizjet tektonike jané materializimi i

tektonikave, té cilat pérbé&jné njé pro-
ces, i cili, padyshim, éshté i lidhur me

83



Bul. Shk. Gjeol. (Nr. 1/2023)

Marku S., Dervishi A., Caushi I.

energjiné e brendshme gé ka planeti
(Shkupi 1984). Ato jané dy forméshe
dhe ndahen né tektonika rrudhosése
dhe tektonika shképutése.

Lévizjet tektonike qé kategorizo-
hen si tektonika rrudhosése jané
deformime té masave shkémbore,
té cilat mund té ndryshojné kom-
paktésiné e shkémbinjve duke cuar
né ngjeshjen apo zgjerimin e Vvél-
limit té shtresave shkémbore, por
pa shkaktuar ndarjen apo képutjen
e tyre né blloge. Kjo tektoniké éshté
pérgjegjése  pér  rrudhéformimin
(Melo et al. 1987).

Tektonikat shképutése ¢ojné né ndar-
jen e dy bllogeve litologjiké si rezul-

tat i streseve gé ata pésojné prej
lévizjeve té litosferés. Ndarja con
drejt njé prishjeje té strukturés sé
bllokut dhe shogérohet me zhven-
dosjen e pjeséve té shképutura ndaj
njéra — tjetrés. Shképutja pérfagéson
né vetvete njé sipérfage né trajta té
ndryshme volumetrike gjeometrike,
gé lévizin sipas té ashtuquajturit plan
té zhvillimit té tektonikés. Elementet
dalluese té kétij plani jané pasqyrat e
rréshqitjes té cilat pérmbajné shenja
gé lejojné té pércaktohet drejtimi i
zhvendosjes relative té krahéve. Ele-
mentét e njé shképutjeje té thjeshté
tektonike jané, blloku i varur, blloku
i shtruar dhe rrafshi i zhvendosjes
(plani i tektonikeés) (Fig. 2).

Figura 2. Paragitje grafike skematike e elementéve té shképutjes tektonike.

Né figurén 2 éshté paragitur njé tek-
toniké normale, pjesa e poshtme
éshté blloku i varur dhe e sipérmja
éshté blloku i shtruar. Ato ndérpriten
prej planit té tektonikés gé pérbén
rrafshin e zhvendosjes sé dy bllo-
geve kundrejt njéri-tjetrit. Plani i
tektonikés pérfagéson njé sipérfage
pérgjaté sé cilés masivi shkémbor
plasaritet dhe njéri bllok Iéviz né lid-
hje me bllokun tjetér. Né njé thyerje
normale, blloku i varur éshté toka gé
ka rréshqitur poshté pérgjaté planit
té prishjes né njé pozicion mé té ulét,
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té varur. Blloku i shtruar éshté pjesa
e tokés qé éshté ngritur ose ka ngelur
né pozicionin mé té ngritur. Kur léviz-
ja éshté e kundért, blloku i varur pér-
fagéson pjesén shkémbore gé shty-
het lart pérgjaté planit té tektonikés,
mbi bllokun e shtruar. Blloku i shtruar
mund té keté mbetur né pozicionin e
tij mé té ulét ose shtyhet nén bllokun
e varur.

Lévizja mes dy bllogeve nuk éshté
gjithmoné e qeté dhe ndonjéheré
mes tyre lind njé férkim mjaft i madh
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qé zvogélon shpejtésiné e tyre té
lévizjes sé ndérsjellté. Né kété rast
presioni rritet dhe ¢on drejt ¢lirimit
té sasive té médha energjie, duke
shkaktuar njé térmet. Pjesa mé e
madhe e térmeteve shkaktohet nga
thyerjet e rréshgitjes, ku blloget
lévizin kundrejt njéri-tjetrit pothu-
ajse horizontalisht.

Rrafshi i zhvendosjes ose plani i tek-
tonik éshté rrafshi gjateé té cilit kryhet
zhvendosja e bllogeve. Ai mund té
pérfaqésojé njé carje ose njé zoné
té copétimit tektonik me gjerési té
ndryshme, gé shkojné nga disa cen-
timetra deri né disa dhjetra metra.
Rrafshi i zhvendosjes ka kénde té
ndryshme rénieje dhe pozicioni i tij
né hapésiré pércaktohet ashtu si dhe
né shtresat me rénie monoklinale,
me ané té elementeve té shtruarjes

(kéndet a dhe ¢; Fig. 3).

Blloget tektonike ose krahét e
shképutjes ndodhen né té dyja anét
e rrafshit tektonik, por jané té zh-
vendosura njéri kundrejt tjetrit, si¢
u shpjegua mé sipér. Kur rrafshi tek-
tonik ka kénd té madh rénieje deri né
té drejté kemi té béjmé me bllok ose
krah té ngritur dhe té ulur. Kur rraf-
shi tektonik éshté i pjerrét, atéheré
themi se blloku gé vendoset mbi
rrafshin tektonik éshté bllok i varur,
kurse blloku gé vendoset poshté kétij
rrafshi éshté bllok i shtruar. Né har-
tat gjeologjike, tektonikat shénohen
népérmjet linjés tektonike, e cila
pérgjithésisht vizatohet né ngjyré té
kuge dhe éshté gjurma e ndérprerjes
sé rrafshit tektonik me sipérfagen e
Tokeés.

Figura 3. Paraqitje grafike e kéndit té mesatarizuar té rénies (¢) dhe kéndit té
drejtimit (a).
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Plani i tektonikés, ose mé sakté pro-
jeksioni i tij mund té shprehet nga dy
kénde, ai i rénies (¢) dhe ai i azimu-
tit té shtrirjes (a), té cilét népérmjet

Drejtimi i zhvendosjes sé kétyre
bllogeve ndaj njéri — tjetrit, bén
dhe emértimin e klasifikimin e
shképutjeve tektonike, té cilat i kla-
sifikojmé né:

a. Shképutje normale (Fig. 4a);

koordinatave té té dy pikave né fillim
dhe mbarim té tektonikés mund té
shprehen si mé poshté:

b. Mbihipje (Fig. 4b);
c. Sh;«éputje shtytése e majté (Fig.
4c);

d. Shképutje shtytése e djathtg, té
cilat i kemi paraqitur né figurén e
méposhtme (Fig. 4d).

Figura 4. Paragitja grafike e shképutjeve tektonike: a) shképutje tektonike normale

(normal faults) (veprim i forcave né térheqje pérkundrejt bllokut, shkaktohen de-

formim dhe zgjatim té tij; b) shképutje tektonike mbihipése (reverse fault), presio-

ni i krijuar nga veprimi i forcave né shtypje mbihipén njérin bllok mbi tjetrin; ¢ — d)

shképutjet tektonike shtytése e majté ose e djathté (left, right — lateral, strike — slip

— fault), nga veprimi i forcave né prerje, sforcimi anésori i bllokut shkakton deformim
té bllokut né kahun ku vepron forca.
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Metodika e modelimit té tektoni-
kave

Duke shfrytézuar té dhénat arkivore
té profileve sizmike, kryer nga kom-
pani vendase dhe té huaja né hapé-
sirén detare shqiptare, krijuam njé
bazé té mjaftueshme té dhénash pér
ndértimin e tavanéve té moshave
Serravalian, Tortonian dhe Mesinian
pér detin Adriatik. Ményra e zakon-
shme pér paraqitjen grafike té tek-
tonikave né hartat gjeologjike, éshté
ajo népérmjet linjave tektonike. Kjo
linjé nuk éshté tjetér vegse gjurma
e prerjes sé planit té tektonikés me
sipérfagen e relievit. Duke i konsid-
eruar tavanét e moshave té sipérpér-
mendur si paleorelieve, ¢do prerje e
tyre me planin e tektonikés do té pér-
fagésojé njé linjé tektonike. Tavanét
paragiten né trajté izolinjash, pra si
té tilla kané atribute té koordinatave
hapésinore (x, v, z).

Linja, né piképamje gjeometrike, pér-
fagéson njé bashkim té pafundém
pikash, e cila né problemin konkret
pércaktohet prej pikave qge presin
planin e tavanit t&é moshés né vlerat
hipsometrike té izoipseve, pra vendin
ku plani pret paleorelievin dhe merr
¢do kuoté vertikale “z” té izolinjave
té paleorelievit. Duke i bashkuar kéto
pika jemi né gjendje té pércaktojmé

vijén (linjén) gé pret paleorelievin e
moshés pérkatése (Fig 5), e cila né
rastin toné, né té kundért té parag-
ities né njé harté té zakonshme
gjeologjike, éshté njé linjé né hapé-
siré 3D, ku ¢do piké gé i pérket vijés
zotéron koordinatat hapésinore x, vy,
z. Térésia e kétyre pikave, gé i pérka-
sin tavaneve té tre moshave, na jep
mundésiné e pércaktimit té njé plani
né hapésirg, i cili pérfagéson rrafshin
tektonik.

Pra prej kuotave té nxjerra nga pikat
gé pérfagésojné prerjen e planit té
té njéjtés tektoniké, pérkatésisht me
paleorelievet e Mesinianit, Tortonia-
nit dhe Serravalianit, kalojmé népér-
mjet programit ArcGIS né ndértimin
e TIN-it té planin té prerjes ose planit
té tektonikés. Duke e transformuar
TIN-in né njé paraqitje me linja para-
lele, planin e prerjes e kemi kthyer né
njé bashkeési drejtézash népérmjet té
cilave jemi né gjendje té pércakto-
jmé ndryshimin e drejtimit té planit
tektonik (i cili nuk éshté i rrafshét pra
éshté i lakuar pasi né natyré nuk ka
plane tektonike té rrafshéta) pér ¢do
pozicion hapésinor brenda hapésirés
gé analizojmé.

Figura 5. Ményra skematike e ndértimit té tavaneve té secilés moshé.
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Pér secilén moshé kemi izolinjat dhe
tektonikat pérkatése. Pikat me koor-
dinatat pérkatése kané njé thellési té
caktuar. Ndértimi i tektonikés éshté
realizuar né programin ArcGlS, duke
ndjekur kéto hapa (Fig. 6):

1.Krijohet shapefile-i “piké”, gé kri-
johen nga kontakti i izolinjave me
tektonikén e sé njéjtés moshé dhe
né tabelén e atributeve shtohet
thellésia e késaj pike.

2.Krijohet Tin-i né varési té pikave té
pércaktuara.

3.Nga secili Tin gjenerojmé sipér-

faget imazh (Raster) pérkatése
(Arctoolbox-Raster to Tin).

4.Prej sipérfageve imazh krijojmé
konturet (izolinjat) me thellésité
pérkatése né tabelén e atributeve.

Produkti pérfundimtar paragitet né
figurén 6f, ku konturet jané ndértuar
¢do 100 m dhe japin idené sesi vazh-
don tektonika né drejtimin vertikal
(thellési) dhe até horizontal. Vlerat
e izoipseve jané me vleré negative
sepse planet tektonike zhyten né
kuota té cilat gjenden nén nivelin e
detit.

Figura 6. Paragitja e hapave té ndjekur pér ndértimin e paragitjes 3D té rrafshit té tek-
tonikés né programin ArcGIS.
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REZULTATET DHE DISKUTIMI

Népérmjet té dhénave té profileve
sizmike u bé e mundur kthimiilinjave
té tavaneve té moshave Serravalian,
Tortonian dhe Mesinian pér detin
Adriatik, pér secilin profil, né izolinja,
té cilat pérfagésojné sipérfagen to-
tale té kétyre moshave gjeologjike.
Po késhtu u ndértuan edhe linjat tek-
tonike si prerje té rrafshit té tektoni-
kés me tavanet pérkatése.

Duke shfrytézuar mundésité qé jep
interpolimi népérmjet programit Ar-
cGIS, u bé e mundur qé linjat tekton-
ike, té pérfagésuar nga njé numeér i
fundém pikash me vlera té ndryshme
té koordinatave hapésinore x, y, z, né
tre nivele, qé pérfagésojné prerjen e

Po késhtu pér ¢do dy pika rastésore
té njépasnjéshme té pérzgjedhura
né njérén prej izolinjave ¢farédo
té planit, duke gené se né té gjithé

a
tan @ =E

té njéjtit plan tektonik me tavanet e
moshave Serravalian, Tortonian dhe
Mesinian, té transformohen né njé
sipérfage TIN.

Meé tej ky TIN u transformua né trajté
linjash paralele, ku secila linjé ka té
njéjtén vleré té koordinatés vertikale
“z” dhe vlera té ndryshme té koordi-
natave horizontale x, y. Digka e tillg,
na jep mundésing, gé linja e hequr
pingul me drejtimin e njérés izolinjg,
do jeté pingule me té gjitha té tjerat,
dhe késhtu me lehtési mund té pér-
caktojmé vlerat e kéndit té rénies (¢)
pér secilin interval té thellésisé me
formulén:

Z1 — 24y

X1 — X3

kété linjé vlera koordinatés vertikale
“z"” éshté e njéjté, mund té caktojmé
vlerén e azimutit té shtrirjes (a), duke

pérdorur me formulén:

X1 — X3
Yi— Y2

tana =

Domethénég, népérmjet késaj ményre
paraqitjeje té planit té tektonikés,
népérmjet linjave paralele, né in-
tervale té njéjta, ne e kontrollojmé
né ¢do piké té hapésirés gjendjen
hapésinore té tektonikés. Sigurisht
gé me rritien e numrit té té dhé-
nave rritet edhe saktésia e kontrollit
té pozicionit hapésinor té késaj tek-
tonike

PERFUNDIME

Modeli i ndértuar bén té mundur
paragitjen né hapésiré té strukturave
té rrudhosura dhe shképutjet tekton-
ike me gartési dhe lehtési, gjithashtu
si dhe sipérfaget e mospérputhjeve.
Késhtu, jo vetém qé do té identifiko-
het njé gamé e gjeré strukturash gje-

ologjike, por gjithashtu do té ofrohet
njé imazh i litologjive té prekura nga
shképutjet tektonike. Duke u apli-
kuar né njé shkallé mé té madhe,
interpretimi yné i bazuar né modelet
3-D do ofrojé njé paragitje mé té qa-
rté té disa sistemeve té komplikuara
shképutjesh tektonike. Modeli yné do
té ofrojé gjithashtu njé imazh té ga-
rté té shképutjeve normale aktive sé
bashku me zonat sizmike pérkatése.
Rezultatet tona nga matjet e kryera
né hartat tridimensionale japin re-
zultate né pérputhje me studimet e
méparshme duke pérdorur té dhéna
te marra né terren, por shumé mé té
detajuara se hartat gjeologjike nor-
male gé lejojné njé vizualizim té ku-
fizuar né hapésiré.
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ABSTRACT

The objective of this paper was to create a three-dimensional (3-D) geotectonic model
in the South Adriatic Basin (SAB) area by integrating geological and seismic data with
the aim of being an extremely useful tool in the geometric assessment of detachment
tectonics. This zone stretching from Montenegro, Albania to Greece is a territory where
the important seismic activity takes place and is characterized by numerous tectonic
detachment faults, most of them seismically active. Today, around the world, techno-
logical development has made it possible to digitalise the creation of alphanumeric
databases and to project this data in graphical form. These possibilities provide a rep-
resentation as close as possible to the real geological construction in 3D digital maps.
The paper is an attempt to study and treat the 3D representation of tectonics, for the
marine part from the surface to the depth, the methodology of its construction in a
three-dimensional aspect based on data that have as a starting point the sedimentary

roof ages, isolines and tins.

Keywords: 3D, South Adriatic Basin, seismic, active detachment, Serravallian, Torto-

nian, Messinian, tectogenesis, TIN, isoline.

INTRODUCTION

The high seismic activity and the
important seismic events that char-
acterized our country especially
in the last 3 — 4 years, created the
need for more in-depth studies of
all the processes responsible for the
earthquakes generation and other
related phenomena. The Albanian
researchers have carried out a large
number of studies in the field of tec-
tonics, geophysical exploration and
seismological research throughout
the Albanian territory, including the
South Adriatic Basin. This made it
possible to collect abundant and re-
liable original data, but currently, no
researchers have used these data to
carry out a detailed 3D modelling of
the regional tectonics. Integrating
these multidisciplinary data to create
a 3D geometric structural model, re-
lated to seismogenic tectonics, could
be a key to narrow regional seismic

risk assessment with a large number
of active tectonic faults and frequent
seismic activity.

It’s common knowledge that the Al-
banian territory (Papa 2000) is char-
acterized by a large number of active
tectonic faults as well as continuous
seismic activity, and for this rea-
son, these active block boundaries
(zones of deep transverse and lon-
gitudinal tectonic faults) are seismo-
genic structural elements. The main
cause of this seismic activity in these
boundaries is the collision between
two large tectonic plates: the Eur-
asian plate and the African plate. The
latter one plays an important role in
the Adriatic area, because due to its
northward movement, near the Al-
banian territory, it exerts a pressure
activity, and it is responsible for the
seismic activity in this country.

1Shérbimi Gjeologjik Shqiptar, Tirana
e-mail: marku2s@yahoo.com
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This earthquakes’ category has the
source along the lonian and Adriatic
coasts, and studies show that re-
sponsible for the Durrés earthquakes
on September 23 and November 26
and their fore and aftershocks, were
a series of fault planes, located on
the Albanian coastal and seaside
area (Doda et al. 2019, 2020). There-
fore, the knowledge of land and
marine tectonics, the anticipation
of its movement and its behaviour
at great depths where earthquakes
generally occur, is a key component
in determining the behaviour of the
lithosphere and the geological and
seismic risk associated with it. How
to effectively integrate the geotec-
tonic, geophysical, and seismic data
to make this model as close to real-
ity as possible, is a primary challenge
compared to the application of three
— dimensional modelling that inte-
grates these other data that were
mentioned above. A detailed study
based on stratigraphic, structural,
geological and geophysical data, in-
cluding coastal and marine seismic
profiles and deep well data, will also
help to better understand the rela-
tionship between seismic events.

GEOLOGICAL SETTING

The detachment faults movements
are associated with the release of
energy from the blocks and are re-
sponsible for generating seismic ac-
tivity. On the global map of seismic
risk, based on acceleration values
(g), Albania is in the red zone (43rd
place), thus placing itself in the
group of countries with high seismic
risk (Marku et al. 2014, 2021; Mugo
1995; Ormeni et al. 2009). The seis-
mic activity in the country is consid-
ered moderate, which means that
average magnitude earthquakes are
frequent, but strong and very strong
earthquakes with serious conse-
quences occur periodically (Marku
et al. 2021). In order to prevent the
risks related to seismic activity, the
studies should be undertaken to have
anti — seismic codes in order to cre-
ate building standards in different re-
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gions, taking into account the seismic
risk of each region. It is important to
have a good knowledge of tectonics,
which is helpful in these studies and
for drafting seismic macrozonation
and microzonation maps.

The seismicity of our country is relat-
ed to the seismogenic zones spread-
ed throughout the territory of Alba-
nia and during the last four decades,
four seismotectonic models were
proposed, these models dividing the
territory into several seismogenic
zones. Therefore, a model for divid-
ing the Albanian territory into seis-
mically active zones is given by Aliaj
et al. (2010), with a first model (Aliaj
2000) where a total of six seismogen-
ic zones were identified and where
three longitudinal seismogenic zones
are crossed by three transversal
zones as follow: the lonian —Adri-
atic longitudinal seismogenic zones,
Shkodér — Mat — Librazhd — Bilisht
and Peshkopi — Korgé (Drin region)
and the transversal zones: Shkodér
— Pejé, Lushnje — Elbasan and Vloré
— Tepelené.

One of the areas of high seismic po-
tential characterized by seismically
active longitudinal faults is the lo-
nian — Adriatic active fault zone, ex-
tending from Montenegro to Greece
through the Albanian territory. The
highest seismic activity in the coun-
try occurs in this area where several
strong earthquakes were recorded
with intensity at the epicentre of lo
=VIII - IX and with a magnitude of up
t0 6.5.

As shown by various studies, the
platform located under these seas
consists of two different carbon-
ate facies: (a) a platform character-
ized by deep water carbonate fa-
cies, called the South Adriatic Basin
(BAJ), which is located to the north
of Sazani, or more precisely, north of
Vlora — Skopje crossroads, with east
— west extension and to the west of
the Adriatic Sea and (b) a shallow
water carbonate platform called the
Apulian Platform, which lies south
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of the South Adriatic Basin and west
of Sazani zone. This area is charac-
terized by numerous tectonic faults,
most of which are seismically active.

In the Albanian orogen, three longi-
tudinal and two transversal zones of
main active fault zones are identi-
fied: 1) the lonian — Adriatic zone of
overthrusting faults with north-west-
ern (NW) to north — northwestern
(NNW) extension; 2) Shkodér — Mat
— Librazhd, a graben of normal faults
with NW extension; 3) Peshkopi — Ko-
rgé zone, a graben of normal faults
with western (W) — southern (S) ex-
tension; 4) Shkodér — Tropojé zone
of normal faults with north-eastern
(NE) extension, and 5) Lushnjé — El-
basan - Dibér zone of normal faults
with NE extension (Aliaj 2000).

lonian — Adriatic Zone

The lonian — Adriatic seismic fault
zone is an area stretching for several
hundred kilometres along the Adri-
atic and lonian coasts, characterized
by overthrust faults and divided into
three segments along the Shkodér —
Pejé and Vloré — Tepelené transects,
as follows:

1.A northern segment with north (N)
— NW extension characterized by
a zone of dominant pre-Pliocene
faults in Kruja (Dalmatia) region,
which is still active today, extend-
ing 200 km from Lezha to Ulcinj
and beyond, along the Dalmatian
coast.

2.A central segment extending from
N to NW, characterized by a post-
Pliocene overthrust faults in the
Adriatic Depression, which contin-
ues for about 130 km from Lezha to
the north of Vlora.

3.A southern segment of NW exten-
sion, characterized by a pre-Plio-
cene overthrust faults, mainly be-
longing to lonian zone, still active
today, which continues for about
250 km, from Vlora to Konispol and
further along the lonian coast in
Greece.

The analysis of the earthquakes pro-
duced in this area shows that two
fault systems are currently active:
a system with the NW — southeast
(SE) direction that corresponds to
the general direction of extension of
the main geological structures and a
transversal system of northeast (NE)
— southwest (SW) orientation, which
is related to the transversal faults
crossing and displacing the longitu-
dinal faults, very active and of high
seismic potential. The geological and
geophysical data carried out in this
area, both in the continental and in
the marine part, allowed the conclu-
sion that the lonian — Adriatic faults
zone consists of both longitudinal
faults of overthrust type and trans-
versal faults of strike slip type (Sk-
rami & Aliaj 1995a, 1995b).

From geological point of view, the
study area located in the lonian and
Adriatic seas, to the west of the Adri-
atic Depression and the Sazani zone
and to the south, in the lonian Sea,
bordering the lonian zone and co-
incides with the extension of the
Southern Adriatic Basin. It was af-
fected by extensive tectonics during
Pliocene — Quaternary.

The South Adriatic Basin

The South Adriatic Basin is one of the
tectonic zones of Albania, located
above an unfolded platform carbon-
ate basement with a marine strati-
graphic continuity until Neogene.
This area is bounded to the north-
east, east, and southeast with the
overthrust front of Kruja and lonian
orogen (Xhomo et al. 2011). There
is little data in the literature regard-
ing this area. Hyseni et al. (2019)
have performed the interpretation
of these deposits using seismic pro-
file data carried out in different pe-
riods from 1989 to 2005. A reinter-
pretation of these data is process by
Marku et al. (2020 — 2024). In figure
1, a part of one of the seismic profiles
reinterpreted in this process is done
to give an idea of the continuity of
the deposits in this area.
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Figure 1. Seismic profile RO-91-124 with geological interpretation (Source AQT-
GJ, SHGJSH. Time-time and time-depth conversion by E. Silo. Geological inter-
pretation by S. Marku in Marku et al. 2022-2024).

The South Adriatic Basin is the larg-
est Neogene to Quaternary sedi-
mentary accumulation in the central
and southern Adriatic area in terms
of both horizontality and vertical di-
mensions and the axis of the basin
is oblique to the overall Dinaride/
Albanide belt structure. The South
Adriatic basin begins at the NE of
the Gargano promontory where it
is completely detached from the Di-
naric thrust belt and the basin axis

is located 100 km west of the outer-
most Dinaric thrusts. Moving south-
east, the basin widens and deepens
reaching a thickness >8 km in the
Albanian offshore. Once present in
the Albanian onshore it forms the
Tirana depression and then it shows
a shallowing tendency towards the
southeast and ends up outcropping
south of Tirana (Geological map of
Albania, 1: 200 000, 1983; Frasheri
et al. 1996; Bérxolli et al. 2000). The
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basin’s sedimentary deposits and its
basement are thus exposed in cen-
tral and southern Albania, providing
an important opportunity to study its
deep geometry.

The terrigenous sedimentation is
represented by molasse deposits of
Serravallian — Tortonian — Messinian
— Pliocene ages. The basin overlies
the lonian zone in south-east and the
Kruja zone to its easternmost part.
From south-east to north-east, the
thickness of the molasses increases,
reaching 5 000 — 7 000 m in north of
Rodoni area (offshore). During the
time when the South Adriatic basin
deposits were formed and folded,
the adjacent carbonate structures of
the Kruja zone, as a result of inten-
sive submerging of the South Adri-
atic basin, were moved towards the
north-east and were rotated anti-
clockwise, increasing their tectonic
complexity degree and replacement
in the west (Velaj 2012).

METHODOLOGY

Brief description of the concept of
tectonics and the importance of
their study

The 3D geological modelling is a
contemporary process that allows
the creation of three-dimensional
geological models, based on data
commonly used in geology, such as
geological maps or profiles, thus
strengthening the ability to under-
stand and present geotectonic and
structural models. Our work started
with the creation of a complex ar-
chive containing a significant amount
of data available in the literature
such as cartographic, photographic,
geological, geophysical and seismic
studies for the geological structure
of the Southern Adriatic Basin, but
the model is intended to be at scale,
in the sense that can be improved,
either locally or even regionally. In
this case, the contribution of the
geologist is essential for formulating
coherent geological hypotheses and
determining the processes of inte-

gration of data that have different
origins (tectonic faults identified by
geophysics, drilling, structural sur-
veys etc.).

Through interactive 2D and 3D visual-
ization and analysis, using this model
we will validate these data and their
geometric consistency, where geo-
logical objects are grouped and in-
terpreted based on their tectonic-
structural and stratigraphic charac-
teristics. Among geological objects
that can be modelled, tectonic faults
occupy a privileged place. Since most
geological observations only allow
the analysis of tectonic faults close to
the surface, their visualizing and evo-
lution at depth, is almost impossible.

Tectonic movements are the materi-
alization of tectonics, which is a pro-
cess that is obviously related to the
internal energy of the Earth (Shkupi
1984). They have two forms and are
divided into folding tectonics and de-
tachment tectonics.

Tectonic movements classified as
fold tectonics are deformations of
rock masses, which can change the
compactness of rocks, resulting in
the compression or expansion of the
volume of rock layers, but without
causing them to separate or break
into blocks being responsible for the
formation of folds (Melo et al. 1987).

The detachment or fault tectonics
leads to the separation of two litho-
logical blocks due to the stress they
underwent a cause of lithospheric
movements. The detachment results
in a break in the block structure and
is associated with the movement of
the broken pieces towards each oth-
er. The detachment itself represents
a surface of various volumetric geo-
metric shapes, which move accord-
ing to the so-called tectonic develop-
ment plan. The distinctive elements
of this plane are the sliding mirrors
that contain markings to determine
the direction of relative movement of
the flanks. The elements of a simple
tectonic detachment are the hanging
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wall block, the foot wall block, and
the fault plane (Fig. 2).

Figure 2. Schematic representation of the components of a tectonic fault.

In figure 2 we have shown normal
tectonics, the lower part is the hang-
ing wall block, and the upper part is
the foot wall block. They are inter-
rupted by the fault plane which con-
stitutes the plane of movement of
the two blocks against each other.
The fault plane represents a surface
along which the rock mass breaks,
and one block moves relative to an-
other block. In a normal fault, the
hanging block is the earth that has
slid along the fault plane to a lower
hanging position. A footwall block is
the block that has been raised or re-
mained in the highest position. When
the movement is reversed, the hang-
ing block represents the portion of
rock that is pushed up along the fault
plane above the block below. The
footwall block may have remained
in its lowest position or been pushed
below the hanging wall block.

The movement between the two
blocks is not always smooth and
sometimes there is a lot of friction
between them which reduces their
velocity of mutual movement. In
this case, the pressure increases and

causes large amounts of energy to
be released causing an earthquake.
Most earthquakes are caused by
strike-slip faults, where blocks move
against each other almost horizon-
tally.

The plane of motion or fault plane is
the plane along which the movement
of blocks occurs. It can represent a fis-
sure or a zone of tectonic fragmenta-
tion of different widths, varying from
a few centimetres to several tens of
meters. The fault plane has differ-
ent dipping angles and its position in
space is determined as in monoclinal
dipping layers, by means of bedding
elements (angles a and ¢, Fig. 3).

Tectonic blocks or detachment flanks
are located on either side of the tec-
tonic plane but are offset from each
other as explained above. When the
fault plane has a large dip angle, we
are dealing with a raised and low-
ered block or flank. When the tec-
tonic plane is inclined, then the block
placed above the fault plane is called
a hanging wall block, while the block
placed below this plane is called the

footwall block. On geological maps,
tectonics are marked by a tectonic
line, generally drawn in red and

which is the trace of the intersection
of the tectonic plane with the Earth
surface.

Figure 3. Graphic representation of the average angle of incidence (¢) and angle
of direction (a).

The fault plane, or more precisely its
projection, can be expressed by two
angles, that of dip (¢) and that of
extension azimuth (a), which due to

the coordinates of the two points at
its beginning and end. tectonics can
be expressed as below:

N a Z — Zy
ang = — =
¢ b X1 — X3
and
X1 — X3
tana =
Y1—y2

The direction of movement of these
blocks towards each other deter-
mines the name and classification of
tectonic faults, which we classify in:

a. Normal faults (Fig. 4a);
b. Overthrust faults (Fig. 4b);

c. Right-lateral strike-slip fault (Fig.
4c);

d. Left-lateral strike-slip fault, which
shown in the following figure (Fig.
4d).
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Figure 4. Graphical representation of tectonic faults: a) normal tectonic fault (action

of tensile forces against the block causing its deformation and extension; b) over-

thrust tectonic fault where the pressure created by the action of compression forces

will cause one block to slide over the other, d Right-lateral of left-lateral strike-slip

fault (left, right — lateral, strike-slip — fault), under the action of compression forces,

the lateral stress of the block causes deformation of the block in the direction where
the force acts.

Tectonic modelling methodology

Using archive data of seismic pro-
files performed by local and foreign
companies in the Albanian maritime
space, we have created a sufficient
database for building Serravallian,
Tortonian and Messinian roof struc-
tured for the Adriatic Sea. The usual
way to graph tectonics on geologic
maps is to use tectonic lines where
this line is nothing but the trace of
the intersection of the tectonic plane
with the surface of the relief. Consid-
ering the above-mentioned age roofs
as paleo-reliefs, each of their inter-
sections with the tectonic plane will
represent a tectonic line. These roofs
are presented as isolines, so they
have spatial coordinate attributes (x,

Y, 2).

The line, from a geometric point of
view, represents an infinite union of

points, which in the concrete prob-
lem is determined by the points that
intersect the plane of the roof in the
hypsometric values of the isohypses,
i.e. the place where the plane inter-
sect the paleo-relief and take each
vertical quote “z” from the paleo-
reliefisolines. By joining these points,
we can determine the line that in-
tersects the paleorelief of the cor-
responding age (Fig 5), which in our
case, contrary to the appearance on
an ordinary geological map, is a line
in 3D, where each point belonging to
the line has spatial coordinates x, y, z.
All these points belonging to the ceil-
ings of three ages, give us the pos-
sibility of defining a plane in space,
which represents the fault plane.

So by the quota obtained from the
points that represent the section of
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the same tectonic plane, respectively
by the Messinian, Tortonian and Ser-
ravallian paleoreliefs, we go through
the ArcGIS program until the con-
struction of the TIN of the section
plane or fault plane.

By transforming the TIN into a rep-
resentation with parallel lines, we
transformed the section plane into a
set of lines by which we can deter-
mine the change in direction of the
fault plane (which is not flat, so it is
undulated) for each spatial position
in space that we analyse.

Figure 5. Schematic way of building the roofs for each age.

For each age we have the corre-
sponding isolines and tectonics. The
points with the corresponding co-
ordinates have a certain depth. The
construction of the tectonics was
carried out in the ArcGIS program,
following these steps (Fig. 6):

1.The “point” shapefile is done,
which is created by contacting the
isolines with tectonics of the same
age and the depth of this point is
added to the attribute table.

2.Tin is created based on defined
points.

3.From each Tin we generate the cor-

responding image surfaces (Raster)
(Arctoolbox-Raster to Tin).

4.From the image surfaces we cre-
ate the contours (isolines) with the
corresponding depths in the attri-
bute table.

The final product is shown in figure
6f, where contours are constructed
every 100 m and give an idea of how
the tectonics continues in the verti-
cal (depth) and horizontal direction.
The isohypse values are negative be-
cause the tectonic planes are dipping
into quota located below sea level.

99



Bul. Shk. Gjeol. (Nr. 1/2023) Marku S., Dervishi A., Caushi I.

Figure 6. Presentation of the steps used for the construction of the 3D representation
of the tectonic plane in the ArcGIS program.
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RESULTS AND DISCUSSIONS

Due to the seismic profiles data, it
became possible to reduce the Serra-
vallian, Tortonian and Messinian roof
lines for the Adriatic Sea to isolines
representing the total area of these
geological ages. Also, tectonic lines
were constructed as sections of the
fault plane with corresponding roofs.

Due to the possibilities offered by
the interpolation through the ArcGIS
program, it became possible that the
tectonic lines represented by a finite
number of points with different val-
ues of the spatial coordinates x, v, z,
on three levels, representing the in-
tersection of the same tectonic plane

a
tan ¢ =3

Same for two random consecutive
points selected on one of the isolines
of any plane, considering that along
this line the value of the vertical co-

tana =

Also due to this way of presenting
the tectonic plane through parallel
lines at the same intervals, we con-
trol the spatial position of tectonics
at every point in space. Of course,
with the increase in the number of
data, the precision of controlling the
spatial position of this tectonics also
increases.

CONCLUSIONS

The constructed model allows folded
structures and tectonic detachments
to be spatially visualize with clarity
and ease, as well as unconformable
surfaces. Thus, not only a wide range

with the roof of Serravallian Tortoni-
an and Messinian to be transformed
into a TIN surface.

Additionally, this TIN has been con-
verted to parallel lines, where each
line has the same vertical ‘2’ coordi-
nate value and different horizontal x,
y coordinate values. Something like
this gives us the possibility that the
far line perpendicular to the direc-
tion of one isoline is perpendicular to
all the others, and so we can easily
determine the values of the angle of
incidence (¢) for each depth interval
with the formula below:

Z1 — Z3
X — X3
ordinate “z” is the same, so we can

determine the value of the extension
azimuth (a), by using the formula

X1 — X2
Yi—»

of geological structures will be iden-
tified, but also a clear image of the
lithologies affected by tectonic faults
will be provided. Applied on a larger
scale, our interpretation based on 3D
models would provide a concise im-
age of certain complex tectonic fault
systems. Our model will also provide
a clear image of active normal faults
as well as associated seismic zones.
Our results from measurements on
three-dimensional maps provide re-
sults in concordance with previous
studies using field data, but much
more detailed than normal geologi-
cal maps, which allow for spatially
limited visualization.
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Abstrakt

Gjeomorfositet jané elemente té veganta té gjeotrashégimisé, me vlera té larta shken-
core dhe me potenciale té médha gjeoturistike. Né kété studim éshté pérzgjedhur té
béhet njé vlerésim gjeoturistik i gjashtémbédhjeté gjeomorfositeve né Bashkiné Po-
gradec. Metodologjia vlerésuese e pérdorur éshté GAM-i (Geomorfosite Assessment
Method). Metodologjia GAM synon té evidentojé potencialet gjeoturistike té ¢do gjeo-
morfositi duke paragitur vlerat shkencore, estetike, té mbrojtjes, funksionale dhe tur-
istike té tyre. Qéllimi kryesor i studimit éshté té analizojé lidhjen e varésisé ndérmjet
nivelit té kérkimit shkencor, bukurive natyrore, nivelit t¢ mbrojtjes dhe vlerave funk-
sionale e turistike té gjeomorfositeve. Né studim béhet njé renditje e gjeomorfositeve
sipas vlerave kryesore e plotésuese dhe nxirren né pah pérparésité dhe problematikat
qé do té ndikojné né zhvillimin e zonés sé studimit pér sa i pérket aspektit gjeoturistik

né té ardhmen.

Fjalé kyge: Gjeotrashégimi, gjeoturizém, gjeomorfosite, bashkia Pogradec, metoda

GAM.

HYRIJE

Né studimet gjeoshkencore po pér-
doren gjerésisht terma si gjeodi-
versitet, gjeotrashégimi, gjeores-
urse, gjeosite, gjeoturizém etj. Gray
(2013) e pérkufizon gjeodiversitetin
si “objekte apo pamje natyrore gje-
ologjike, gjeomorfologjike, té tokés
dhe té ujérave. Diversiteti gjeologjik
pérfshin pérbérjen, strukturén, sis-
temet dhe kontributin né peizazh”.
Pjesé té vecanta té gjeodiversitetit
gé ndihmojné né kuptimin e histo-
risé sé Tokés (shkémbinjve, minera-
leve, fosileve dhe peizazheve té saj)
emértohen si trashégimi gjeologjike
ose gjeotrashégimi (Adriansyah et at.
2015).

Me fjalé té tjera gjeotrashégimia
pérfshin objekte té natyrés abio-
tike, té cilat kané vlera shkencore,
krahas vlerave estetike, edukuese,
té mbrojtjes, kulturore, ekonomike
dhe turistike. Sipas Brihla (2020) el-
ementét abiotiké me vlera shkencore

qgé ndodhen in situ emértohen gje-
osite, ndérsa ato ex situ emértohen
site té gjeodiversitetit. Studiues té
ndryshém (Reynard 2005; Reynard
& Panizza 2005; Reynard et al. 2007;
Panizza & Piacente 2009), i kané
pérkufizuar gjeomorfositet si forma
té relievit me atribut té réndésishém
dhe té veganté, té cilat i klasifikojné
ato si komponenté té trashégimisé
kulturore té njé territori. Né gjeo-
morfosite pérfshihen male, kodra,
shpate, shkémbinj té veganté, shpel-
la, kanione etj., té krijuara nga ak-
tivitetet erozionale apo depozituese
té lumenjve, veprimtarive glaciale,
valéve detare, proceseve karstike,
veprimtarive denuduese apo antrop-
ogjene, por gé mbartin vlera shken-
core, kulturore, historike, estetike,
social-ekonomike, pér shkak té per-
ceptimit dhe pérdorimit human. Ato
mund té jené objekte té thjeshta
gjeomorfologjike ose pjesé té médha
té peizazhit gé mund té modifikohet,

1Universiteti Fan S. Noli, Korgé; ?Muzeu Mesjetar i Korgés
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démtohet, deri edhe té shkatérrohet
nga ndikimet e njeriut.

Vlerat e tyre jané pak té njohura pér
publikun e gjeré, prandaj éshté i nevo-
jshém pérmirésimi i njohurité rreth
tyre.

Pér promovimin e vegorive gjeologjike
dhe gjeomorfologjike té peizazhit
si atraksion turistik shérben gjeo-
turizmi, i cili éshté njé lloj turizmi i
géndrueshém gé ka né fokus krye-
sor vecorité gjeologjike té Tokés, né
ményré qé té nxisé kuptimin mjedisor
dhe kulturor, vlerésimin dhe ruajtjen e
saj (Dowling & Newsome 2006; New-
some & Dowling 2010; Newsome et
al. 2012; Dowling 2013). Gjeoturizmi i
jep mundési turistit té njohé gjeologji-
né lokale, si dhe té kuptojé mé miré
qé kjo gjeologji éshté e lidhur ngushté
me té gjitha pasurité e tjera té territo-
rit, sic jané: biodiversiteti, vlerat arke-
ologjike dhe kulturore (Martini et al.
2012).

Studimi yné né kété artikull pérgen-
drohet tek vlerésimi gjeoturistik i gjeo-
morfositeve né bashkiné Pogradec.
Territori bashkiak i Pogradecit shfaq
potenciale té konsiderueshme pér
zhvillimin e gjeoturizmit pér shkak té
njé numri té larté té gjeomorfositesh.
Né literaturén shqiptare nuk njeh pér-
dorim termi gjeomorfosit. Studiuesit
shqiptaré pérdorin gjerésisht termat
gieomonumente dhe hidromonu-
ment, terma té huazuar nga IUCN-ja
(Unioni Ndérkombétar pér Mbrojtjen
e Natyrés), né kategorizimet qé bén
pér Zonat e Mbrojtura. Gjeomonu-
metet jané formacione natyrore (gje-
ologjike apo gjeomorfologjike), si:
forma relievi, mikroforma, depozitime
mineralesh ose njé habitat i njé lloji té
veganté e i kércénuar, me réndési es-
tetike, ekologjike dhe turistike (KRSH
2002). Né hidromonumente pérfshi-
hen burime ujore, lumenj, ligene,
ujévara, laguna, kéneta me réndési
shkencore, si dhe me vlera edukuese,
estetike, turistike etj. Duke gené se
termat gjeo/hidromonumentet dhe
gjeomorfositet jané sinonime té njéra-
tjetrés, né studim do té pérdoret termi
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gjeomorfosit, pér té gené mé koher-
ent dhe pér t'u njésuar me studimet
shkencore ndérkombétare.

NDERTIMI GJEOLOGIJIK

Bashkia Pogradec, e pérfshiré né kété
studim éshté, sipas ndarjes mé té
re administrativo-territoriale e Shg-
ipérisé té vitit 2014 (KRSH 2014), or-
ganizohet né 8 njési administrative
(Pogradeci, Hudénishti, Bugimas,
Proptisht, Trebinjé, Dardhas, Cérravé,
Velgan), me 72 vendbanime rurale
dhe 1 vendbanim urban (qgyteti i Po-
gradecit). Hapésira gjeografike né stu-
dim njihet pér popullimin e hershém
(6000 vjet p.e.s) dhe té vazhdueshém.
Koha e gjaté historike déshmohet nga
elementét e trashégimisé kulturore si:
kala, ura, banesa, varre monumentale
dhe objekte kulti, té cilat jané béré
pjesé e peizazhit té territorit bashkiak.
Popullsia ka gené gjithmoné né rritje
dhe sipas Censusit té vitit 2011 numri
i popullsisé éshté 61.713 banoré (IN-
STAT 2011). Institucioni bashkiak éshté
pérgjegjési kryesor vendor né mbro-
jtien, menaxhimin dhe pérdorimin e
pasurisé natyrore né térési dhe gjeo-
trashégimisé né veganti. Né krijimin
e gjeomorfositeve ka réndési ndérve-
primi i tektonikés dhe litologjisé me
elementét klimateriké dhe biodiver-
sitetin.

Né piképamjen e ndértimit gjeologjik,
zona e studiuar (Fig. 1) bén pjesé né
zonén Mirdita dhe né basenin Albano-
Thessalian (Pashko 2018), té cilat kara-
kterizohen nga lévizje diferencuese té
fugishme neotektonike. Relievi ka dalé
mbi ujé gjaté Triasikut dhe Jurasikut
dhe kjo vértetohet nga shkémbinjté
gélgeroré té késaj periudhe (Qiriazi
2019). Né zonén e studimit jané té
pranishém depozitime té Triasikut
(gélgeroré té Triasikut té poshtém - té
mesém T, ), Triasik - Jurasikut, (Tria-
sik i Mesém - Jurasik i mesém T, - J,
Triasik i Poshtém - Jurasik i poshtém
T, - J)) depozitime té Jurasikut té
mesém (harcburgite o), dhe formime
té shtrojés metamorfike pJ,) Jurasik
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— Kretakut (depozitimet terigjeno —
ofiolitike té Titonian - Valazhanian
J,-Cr.Y), gélgerorét e konglomeratét
e Kretakut té Poshtém (Cr)), gélger-
orét té Kretakut té Sipérm (seno-
manianit Crzsen), depozitime té Pa-
leogjenit, (ranoré e konglomerate té
Eocenit t& Mesém Pg,*> dhe Oligoce-
nit t&é Mesém Pg_?) depozitime té Pa-
leogjen — Neogjenit (argjila e qymyre

té Oligocenit té Sipérm - Akuitanianit
(Pg,? - N,'a), depozitimet Neogjenit
(Akuitanianit N,'a, Plioceni N,) si dhe
depozitimet e Pleistocen-Holocenit
(Qp,h) dhe Holocenit (Q) (Xhomo
et al. 2002). Né pjesén gendrore té
zonés dominojné depozitimet ter-

rigiene, kurse né pjesét periferike
shkémbinjté kryesisht gélgeroré.

Figura 1. Pozicioni né hartén gjeologjike (skematike) i gjeomorfositeve né Bashkiné
Pogradec (1: 25 000/ ArcGIS 10.1, viti 2021).
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Shuméllojshméria  gjeologjike e
strukturés sinklinale Librazhd-Mokér
(Qiriazi 1985) né bashkéveprim me
klimén mesdhetare paramalore (Kru-
taj et al. 1990) kané mundésuar kriji-
min e formave té vecganta té relievit
lumor, ligenor, eolik, erozivo-denu-
dues dhe karstik me réndési gjeosh-
kencore.

Zona e Pogradecit éshté e pasur
burime ujore sipérfagésore dhe nén-
tokésore si: pérrenj, burime té shum-
ta karstike, (Tushemisht, Drilon, Shén
Naum); ligene (ligeni i Ohrit, ligeni
i Madh, ligeni i Lukovés, ligenet e
Gur Topit); lumenj (rrjedhja kryesore
e lumit Shkumbin, lumi i Cérravés,
lumi i Drilonit, lumi i Vérdovés, lumi
i Pogradecit dhe lumi Térhanit, etj),
si dhe njé pjesé e pellgjeve ujém-
bledhés té lumit Drin dhe Shkumbin
(Pano 2015). Trashégimia natyrore
e Pogradecit pérfagésohet nga: siti
i UNESCO-s, Trashégimia Natyrore e

Kulturore e Rajonit té Ohrit; nga 40
Monumente Natyre (M. N.) (Qiriazi
& Sala 2006); nga Burimi i Menax-
huar i Gurit té Nikés (kategoria IV-
t) dhe Peizazhi i Mbrojtur Tokésor/
Ujor i Ligenit té Ohrit (kategoria V-té)
(Qiriazi 2019). Pjesé e trashégimisé
natyrore dhe e gjeotrashégimisé jané
16 gjeomorfosite (pjesé e M. N.), me
réndési shkencore gjeologjike/gjeo-
morfologjike té evidentuara né listén
e Monumenteve té Natyrés (KRSH
2019) dhe né listén e gjeomonume-
teve té evidentuara nga Shérbimi Gje-
ologjik Shqiptar (Neziraj et. al. 2021).
Né bashkiné e Pogradecit gjenden
katér objekte natyrore té karakterit
hidrogjeomorfologjik, shtaté objek-
te natyrore té karakterit karstik, njé
objekt té karakterit lumor dhe 6 ob-
jekte té karakterit eolitik. Né figurén
1 jepet vendndodhja dhe klasifikimi
sipas nivelit té vlerésimit shkencor,
ndérsa emértimi korrespondues i
tyre paraqitet né tabelén 1.

Tabela 1. Tipologjia dhe vlerésimi shkencor i gjeomorfositeve té bashkisé Pogradec

(Neziraj et. al. 2021).

Nr. |Gjeomorfositet ITipi \Vlera shkencore
1 |Ligenii Ohrit %ﬁgorﬂﬁgologjike—LitoIogjike— Ndérkombétare
2 |Ligenet e Lukovés %Egggﬁ(refologjike—Litologjike— Lokale
3 |Gadishullii Linit ?cj;ﬁﬁ(r:orfologjike/Neotek— Kombétare
4 [Shpella e Najazmés Gjeomorfologji/Karstike Lokale
5 |Shpella e Shén Marenés Gjeomorfologji/Karstike Lokale
6 |Shpella e Baribardhés Gjeomorfologji/Karstike Lokale
7 |Shpella e Memélishtit Gjeomorfologji/Karstike Lokale
8 |Shpella e Ariut, Bishnicé Gjeomorfologji/Karstike Lokale
9 [Kanioni i LIéngés Gjeomorfologji/Lumore Lokale
10 [Bashkimi i Shkumbinit me até té Dushés |Gjeomorfolologjik/Lumor Lokale

11 |GuriiKamjes

Gjeomorfologjike/Atmosferike [Kombétare

12 |Gurét Nusja dhe Dhéndéri

Gjeomorfologjike/Atmosferike |Lokale

13 |Mullarét e gurté Trebinjé

Gjeomorfologjike/Atmosferike |Lokale

14 |Piramida e tokés sé Qafé Panjés

Gjeomorfologjike/Atmosferike |Lokale

15 Piramida e tokés sé Kalivagit (Koka e
Balos )

Gjeomorfologjike/Atmosferike |Lokale

16 [Malii Nigés

Gjeomorfologjike/Atmosferike |Lokale
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Pérshkrimi i gjeomorfositeve té
studiuar

Bazuar né literaturén shkencore dhe
né ekspeditat né terren, mé poshté
jepen shkurtimisht disa té dhéna
rreth gjeomorfositeve né Bashkiné
Pogradec (Fig. 2).

Ligeni i Ohrit (Lacus Luchnidus) pér-
fagéson njé masé té madhe ujore
ndérkufitare, e grumbulluar mbi
grabenin e Ohrit né fund té Mioce-
nit - fillim té Pliocenit (Pano 2015).
Lévizjet neotektonike shképutése
(grabenore) me intensitet ulés, mé té
larté krahasuar me grabenet pérreth
(i Korcés, Prenjasit etj.), kané mundé-
suar formimin e ligenit me sipérfage
362.6 km? dhe thellési maksimale
295 m (Qiriazi 2019). Ohri konsidero-
het njé nga ligenet mé té médhenj né
grupin e ligeneve karstike, me vecori
floristike e faunistike arkaike (Clarke
et al. 2000; Pano 2015). Numri i larté
i specieve endemike dhe relikte né
ujérat e émbla té ligenit e kané pérf-
shiré até né trashégiminé botérore
mikse (Trashégimia Natyrore dhe
Kulturore e rajonit té Ohrit, UNESCO
2019). Njékohésisht sipérfagja ujore
prej 111.4 km? e territorit Shqiptar
éshté shpallur ”Peizazh i Mbrojtur”,
kategoria e V-té e Zonave té Mbroj-
tura né Shqipéri.

Ligenet e Lukovés jané krijuar né
cirge akullnajore né lartésité 1700 m
dhe 1830 m mbi nivelin e detit (Qiri-
azi & Sala 2006; Qiriazi 2020). Ligenet
jané té pozicionuar né shpatin lindor
té malit Guri i Topit, ku terreni ultra-
bazik paragitet me valézime té vogla,
i modeluar nga lévizjet e akullnajave
té dikurshme. Né fundin e ligeneve
gjenden morena té mbetura, té cilat
pengojné infiltrimin e ujit né thellési.
Furnizuesi kryesor me ujé i ligeneve
éshté shkrirja e déborés. Ligenet
kané formé ovale, té rrethuar me
pyje ahu dhe bredhi gindravjecaré.
Ligenet jané pjesé e Monumenteve
té Natyrés né Shqipéri.

Gadishulli i Linit ndodhet né brigjet
peréndimore té ligenit té Ohrit né

lartésiné rreth 90 m mbi pasqyrén
e ligenit. Pérfagéson njé shkémb
gélgeror i ndérthurur me shkémbinj
silicoré radiolaritiké té periudhés
Triasike (mbi 200 milion vjegar) me
gjatési 2 km dhe gjerési 1.5 km (Ma-
zelli et al. 2016). Sipas Qiriazi (1985)
gadishulli, i cili éshté formuar nga
térheqja e ujérave té ligenit, parag-
itet me thepisje tektoniko-abrazive,
ku gjenden faleza té gjalla (Qiriazi
2019). Prej vitit 2019 éshté pjesé
e trashégimisé botérore si pjesé e
“Trashégimisé natyrore dhe kul-
turore té rajonit té Ohrit” (UNESCO,
2019). Gadishulli éshté déshmitar i
trashégimisé kulture, gjé gé shprehet
né praniné e mozaikut té Linit, kishés
sé shekullit té VI-té p.e.s dhe disa
palafiteve (Menkshi 2020).

Shpella e Najazmés éshté njé formeé
relievi karstike néntokésore, e kri-
juar né shkémbinj gélqeroré té T.-J,
(Qiriazi & Sala 2006). Procesi i kar-
stogjenezés vazhdon té zhvillohet in-
tensivisht duke gené sé né té buron
me zhurmé njé burim karstik. Shpella
ndodhet prané pikés kufitare té Tush-
emishtit.

Shpella e Shén Marenés éshté njé
shpellé karstike, e krijuar nga zhvil-
limi i karstit néntokésor né gélger-
orét e Cr,. Shpella &shté vendosur
né 25 m thellési, ku jané té duk-
shém shkémbinjté e karstézuar e té
mbushur me konkrecione (Mazelli et
al. 2016). Shpella gjendet né malési-
né e Mokrés, njésia administrative
Trebinjé, prané fshatit Lléngé, né
lartésiné 1100 m mbi nivelin e de-
tit. Shpella mban emrin e shenjtores
Mari.

Shpella e Baribardhés éshté njé
shpellé karstike e krijuar nga pro-
cesi i karstogjenezés né gélqgerorét
e Cr,. Shpella ka njé gjatési rreth 30
m, gjerési rreth 3 - 4 m dhe lartési 2
- 3 m (Qiriazi & Sala 2006). Mbrohet
ligjérisht si kategori e Ill-té e Zonave
té Mbrojtura.
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Shpella e Memlishtit ose shpella e ujit
ndodhet prané fshatit Memélisht, njé-
sia administrative Udenisht. Shpella
éshté formuar né shkémbinjté gélqer-
oré té kurrizit té Gurit té Kuq, té cilét
i pérkasin periudhés sé Cr,. Prania e

ujit né shpellé shpreh vazhdimésiné
e procesit té karstogjenezés né ditét
e sotme. Eksploruesit e shpellés désh-
mojné se gjatésia e saj éshté rreth 300
- 400 m, gjerésia rreth 10 m dhe larté-
sia deri né 25 m.

Shpella e Ariut (Bishnicé) éshté njé
shpellé karstike né shpatin lindor té
Gurit té Topit. Shpella zhvillohet né
drejtim vertikal né thellési rreth 60 m,
ku sipas eksploruesve pérbéhet nga
3 salla gé lidhen me njéra-tjetrén me
korridore. Né shpellé gjenden stalak-
tide dhe stalagmide té pa démtuara.
Né té éshté gjetur skeleti i njé ariu,
e cila éshté arsyeja pse mban emrin

shpella e Ariut. Shpella ndodhet né
lartésiné 1150 m mbi nivelin e detit,
afér fshatit Bishnicé.

Kanioni i Lléngés ose Gryka e Gu-
rit éshté formuar prej ujérave té
pérroit té Gurrés (degé e djathté e
Shkumbinit), i cili mbivendoset dhe
pret térthor vargun gélgeror Shkém-
bi i LIéngés-Maja e Gurit. Veprimtaria
gérryese lumore dhe zhvillimi i kar-
stogjenezés gjaté lévizjeve tektoni-
ke ngritése kané krijuar njé kanion
me lartési rreth 60m, gjerési rreth
15m dhe gjatési 1 km (Qiriazi & Sala
2006). Né kanion gjenden gjurmé té
kalldrémit té rrugés Egnatia (shek. II-
té p.e.s) gé lidhte malésiné e Mokrés
me malésiné e Gorés dhe Voskopojés
(Braholli & Menkshi 2020). Kanioni
gjendet né fshatin LIéngé, njésia ad-
ministrative Trebinjé.

Figura 2. Imazhe té gjashté gjeomorfositeve té bashkisé Pogradec
(Burimi i fotove: Braholli E.dhe Kreka O., viti 2020).
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Bashkimi i Shkumbinit me até té Du-
shés pérfagéson njé gryké té ngushté
té formuar né molasa té epokés sé
Oligocenit (rreth 33.9 milion vjegare;
Mazelli et al. 2016). Molasat jané
té llojit argjilo-alevrolito-ranore té
¢imentuara mire, ¢ka tregojné gén-
drueshméri ndaj veprimtarisé gér-
ryese té rrjedhjes lumore. Gjeo-
morfositi nuk gézon mbrojtje ligjore
pavarésisht vlerave shkencore dhe
edukuese.

Guri i Kamjes ndodhet prané fshatit
Dardhé, né njésiné administrative
Dardhas. Sipas (Avxhi et al. 2015;
Migi & Pazari 2021) guri ka gjatési
100 m, gjerési 80 m dhe lartési 70
m. Forma e tij lidhet me rezistencén
mé té madhe té konglomeratéve qé
e pérbéjné né krahasim me argjilat
gé ndértojné territorin pérreth tij. Ai
ngrihet mbi territoret pérreth Kamjes
duke marré pamjen e njé vapori.

Gurét “Nusja dhe Dhéndri” ndodhen
né aférsi té fshatit Senisht, té njésisé
administrative Mokér. Pérfagésojné
dy guré 3 m té larté, me pérbérje
gélgerore, dhe fortési jo té njéjte,
té modeluar nga karsti, erozioni dhe
era, né formén e “nuses” dhe té
“dhéndrit” (Menkshi 2020).

Mullarét e Gurté — Trebinjé ndod-
hen afér fshatit Trebinjé, njésia ad-
ministrative Trebinjé. Gurét gjenden
né lartésiné 1150 m mbi nivelin e
detit, né kurrizin malor té Dushnés.
Mullarét jané njé grup gurésh ranoré
dhe konglomerat me géndrueshméri
té ndryshme erozionale, té formuar
nga veprimtaria gérryese e erés, me
lartési 3 — 10 m (Braholli & Menkshi
2020). Gurét kané vlera shkencore
kombétare.

Piramidat e tokés sé Qafé Panjés
jané guré konglomeratiké té ¢imen-
tuar me ranoro-silicoré, né lartésiné
1.489 m mbi nivelin e detit. Pirami-
dat jané mbetje té veprimtarisé ero-
zionale té erés, e cila ka larguar ma-
terialin argjilor e ranor, i cili dallohet
pér vlera té larta té erodimit. Gurét
e Akuitanianit i ngjajné njé piramide

me lartési 8 m, gjerési 2 m dhe gjatési
3 m (Mazelli et al. 2016). Gurét nuk
mbrohen ligjérisht dhe rrezikojné té
erodohen né bazén e tyre.

Piramida e Tokés sé Kalivagit (Koka
e Balos) éshté njé gur i ngjashém né
pérbérje dhe né moshe me gurét e
Qafé Panjés. Jané formuar né lartési-
né 1180 m mbi nivelin e detit. Pirami-
da e Toké sé Kalivagit ka lartési 4 m
dhe i ngjan njé kapeleje té gurtg, té
vendosur né krye e té modeluar nga
era. Ka vlera lokale shkencore dhe
nuk mbrohet ligjérisht.

Mali i Nigés ndodhet né njésiné ad-
ministrative Trebinjé. Mali éshté
pjesé e njésisé fiziko-gjeografike té
Malésisé sé Mokrés, sektorii Cezmés.
Maja mé e larté e malit té Nigés arrin
1687 m mbi nivelin e detit. Aty dal-
lohen shumé forma e mbetje erozio-
nalﬁa me vegori e bukuri natyrore té
rralla.

METODOLOGIJIA

Né vlerésimin gjeoturistik té gjeo-
morfositeve té Bashkisé Pogra-
dec éshté pérzgjedhur té pérdoret
metoda GAM (Geosite Assessment
Method ose Metoda e Vlerésimit
té Gjeomorfositeve), e krijuar nga
Vujici¢ et al. (2011) dhe e aplikuar
me efikasitet né mbrojtjen, menax-
himin, konservimin dhe promovimin
e gjeomorfositeve né vende té ndry-
shme té Evropés. Népérmjet GAM-it
synohet té pércaktohet niveli i vler-
ave shkencore, edukuese, estetike,
té mbrojtjes, funksionale dhe turistik
té gjeomorfositeve, duke analizuar
njékohésisht kushtet e mbrojtjes,
konservimit dhe démtimit pér secilin
prej tyre.

Metodologjia GAM pérbéhet prej dy
grupe vlerash (kryesore dhe ploté-
suese), ku vlerat kryesore pérfshijné
tre néngrupe (indikatoré): a) vlerat
shkencore (edukuese); b) vlerat ske-
nike (estetike); c) vlerat e mbrojtjes.
Vlerat plotésuese pérfshijné dy nén-
grupe (indikatoré): a) vlerat funksio-
nale, dhe b) vlerat turistike (Vujicic et

109



Bul. Shk. Gjeol. (Nr. 1/2023)

Braholli E., Kreka O.

al. 2011).

Vlerat shkencore dhe edukuese
(VShE) jané cilésité bazé, pér tu kla-
sifikuar njé element abiotik gjeo-
trashégimie dhe pérbéhen nga katér
nénindikatoré. Vlerat skenike dhe
estetike (VSE), po me katér nénindi-
katoré, jané pérfshiré né vlerat krye-
sore, pasi nuk ndryshojné né kohé.
Vlera e mbrojtjes (VMb) me katér
nénindikatoré, shihet si njé vleré
kryesore, pasi éshté njé veprimtari
e réndésishme pérpara promovimit
dhe zhvillimit té turizmit né térési.
Né total, vlerat kryesore pérbéhen
nga 12 nénindikatoré.

Vlerat plotésuese (VP) ndahen né dy
néngrupe (indikatoré), vlerat funk-
sionale dhe turistike. Vlerat funk-
sionale (VFn) pérbéhen nga gjashté
nénindikatoré, ndérsa vlerat turistike
(VT) vlerésojné gjendjen aktuale té
shérbimeve turistike dhe pérbéhen
nga nénté nénindikatoré. Kéto nuk
jané elementé té drejtpérdrejté té
turizmit, por gé ndikojné drejtpér-
drejt né zhvillimin e gjeoturizmit. Né
total GAM-i pérbéhet nga 12 nénin-
dikatoré té vlerave kryesore dhe 15
nénindikatorét té vlerave plotésues,
té paragitura dhe té shpjeguara né
tabelén 2. Pér ¢do nénindikator do té
keté njé mundési vlerésimi numerik,
gé fillon nga vlera mé e vogél e deri
tek vlera mé e larté: 0.00, 0.25, 0.50,
0.75 dhe 1.00. Vlerésimet numerike
paragiten né tabelén 3. Pér té pér-
caktuar vlerat kryesore té gjeomor-
fositeve kryhet shumatorja e vlerave
shkencore/ edukuese me vlerat este-
tike/etike dhe vlerat e mbrojtjes. For-
mula paragitet si mé poshté:

VK = VShE + VSE + VMb =Y.12, SIVM; kn:0 < SIVM; < 1
Vlerat plotésuese pércaktohen nga
shumatorja e vlerave funksionale
dhe e vlerave turistike. Formula e

méposhtme shpreh vlerésimin ploté-
sues:

VP = VFn + VI=X}5, SIVA;ku: 0 < SIVA; <1

Kétu, SIVM. dhe SIVAj pérfagésojné
12 nénindikatorét (i= 1,..,12) pér
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vlerat kryesore dhe 15 nénindika-
torét (j=1,...,15) pér vlerat plotésuese
pér ¢do gjeomorfosit (Tab. 2).

Té dhénat matematikore, té pérfitu-
ara, do té vendosen né njé grafik té
pérbéré nga boshti i X-ve (boshti hor-
izontal) dhe boshti i Y-ve (boshti ver-
tikal). Né boshtin e X-ve jané vendo-
sur 12 vlerat kryesore dhe né boshtin
e Y-ve jané vendosur 15 vlerat ploté-
suese.

Grafiku éshté i ndaré né 9 zona, ku
secili prej tyre pérbéhet nga 4 vlera
kryesore dhe 5 vlera plotésuese.
Zonat marrin emértimet 7, Z, ,...
Z,, dhe duke kaluar nga zona Z | né
zonén Z_, pér gjeomorfositet rriten
vlerat kryesore dhe plotésuese.

REZULTATET DHE DISKUTIMI

Pérdorimi i metodologjisé GAM
kérkonte njé puné té vazhdueshme
né grumbullimin e informacioneve
gjeoshkencore; vézhgimin dhe anali-
zat e hartave topografike 1:25 000,
eksplorimiiterrenit me Google Earth;
vizitat né terren dhe konsultat me
menaxhuesit lokal té gjeotrashégi-
misé. Gjaté ekspeditave né terren u
anketuan banoré vendas, turisté té
rastésishém, udhérréfyes turistike, té
cilét ndihmuan né vlerésimin cilésor
té nénindikatoréve pér gjashtémbéd-
hjeté gjeomorfositet. Vlerésimet ob-
jektive té pérfituara jané shndérruar
nga studiuesit né vlera numerike,
vlerésim nga 0.00 né 1.00 pér c¢cdo
nénindikator, si¢ tregohen né tabelat
e méposhtme 2 dhe 3. Né tabelén 4
jané pérllogaritur shumatoret e vler-
at kryesore dhe vlerat plotésuese,
duke pércaktuar njékohésisht zonén
ku pozicionohen gjeomorfositet.
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Tabela 2. Vlerésime té gjeomorfositeve né Bashkiné Pogradec (GS 1 — GS 8).

Indikatorét/ Vlerat e dhéna nga ekspertét (0.00-1.00)
Subindikatorét . N ) e |t 5
b glz |23|128 |2g| & |<
o () =Bl IEVRRG I T () v < ()
T |sd|s8|eg|st |eg|ed |2
solsslss|85|88 |88 |88
S8|S3|8S5[58|5s |52 (558|558
Vlerat kryesore (VK)
1. Vlerat shkencore/ edukuese
(VShE)
1. Saerrallé (SIVKI) 1.00 | 0.25 | 0.50 | 0.00 | 0.00 0.00 0.00 0.00
2. Pérfagésueshméria (SIVK,) 0.75] 0.50 | 0.75 | 0.25 | 0.50 | 0.50 0.25 0.00
3. Njohurité né fushén e gjeosh-
kencés (SIVK,) 1.00 | 0.50 [ 0.75 ] 0.25 | 0.50 | 0.25 0.50 0.25
4. Niveli i interpretimit (SIVKA) 1.00 | 1.00 | 0.50 | 0.50 | 0.75 0.75 0.75 0.50
II. Vlerat skenike/ estetike (VSE)
1. Piképamjet (SIVK)2 1.00 | 0.50 | 1.00 | 0.25 | 0.00 | 0.50 0.25 0.25
2. Sipérfagja (SIVKS) 1.00 | 0.50 | 0.50 | 0.00 | 0.00 0.50 0.00 0.50
3. Natyra e peizazhit pérreth (S/VK)) | 0.75 | 0.75 | 0.75 | 0.50 | 0.50 | 0.25 0.75 0.50
4. Pérshtatshméria me mjedisin
(SIVK,) 1.00 | 1.00 | 1.00 | 0.50 | 0.50 | 0.50 0.50 1.00
11l. Mbrojtja (VM)
1. Statusi i mbrojtes (SIVKB) 0.75| 0.75 [ 0.50 | 0.75 | 0.50 0.25 1.00 1.00
2. Niveli i mbrojtjes (SIVK, ) 1.00 | 0.75 | 1.00 | 0.50 | 0.75 | 0.25 0.75 0.00
3. Dobésité (SIVK“) 0.75 | 0.75 [ 0.75 | 0.75 | 0.75 0.50 0.75 1.00
4. Nr.ivizitoréve té lejueshém
(SIVKH) 1.00 | 1.00 | 0.50 | 0.25 | 0.25 0.25 0.25 0.25
Vlerat plotésuese (VP)
I. Vlerat funsionale (VF)
1. Arritshméria (SIVFI) 1.00 | 1.00 | 0.50 | 0.25 | 0.25 0.75 0.25 0.25
2. Vlerat natyrore plotésuese (S/VP,) | 0.75 | 0.50 | 0.25 | 0.50 | 0.50 | 0.00 0.50 | 0.25
3. Vlerat kulturore plotésuese
(SIVP3) 1.00 | 0.50 | 0.50 | 0.50 | 0.75 0.00 0.25 0.25
4. Aférsia e gendrés rrezatuese
(SIVPA) 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00
5. Aférsia me rrugét mé té réndeé-
sishme (SIVPS) 1.00 | 1.00 | 1.00 | 1.00 | 0.25 0.25 1.00 0.25
6. Vlerat funksionale plotésuese
(SIVPE) 0.50 | 0.75 [ 0.50 | 0.25 | 0.00 0.25 0.50 0.00
Il. Vlerat turistike (VT)
1. Promovimi (SIVP)) 1.00 | 0.75 | 1.00 | 0.00 | 0.50 | 0.25 0.00 0.00
2. Vizitat e organizuara (SIVP,) 1.00 | 1.00 [ 0.25 | 0.25 | 0.50 [ 0.50 | 0.00 | 0.25
3. Aférsia e gendrés sé vizitoréve
(SIVP,) 0.75] 0.50 | 0.50 | 0.50 | 0.00 | 0.25 0.75 0.00
4. Panelet interpretuese {SIVPm) 0.50 | 0.50 | 0.00 | 0.00 | 0.25 | 0.00 0.00 0.00
5. Numri i vizitoréve vjetor (SIVP ) 0.75] 0.75 | 0.25 | 0.25 | 0.25 | 0.25 0.25 0.25
6. Infrastruktura turistike (SIVP, ) 0.75| 0.50 | 0.25 | 0.00 | 0.00 | 0.25 | 0.00 | 0.00
7. Shérbimet e guidave turistike
(SIVP,,) 0.25 | 0.50 | 0.25 [ 0.00 | 0.25 | 0.25 | 0.00 | 0.25
8. Shérbimet e hotelerisé (SIVP, ) 1.00 | 1.00 | 1.00 | 1.00 | 0.25 | 0.25 | 1.00 | 0.00
9. Shérbimet e restoranteve (SIVP,.) | 100 | 1.00 | 1.00 | 0.75 | 0.00 | 0.00 | 0.75 | 0.00
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Tabela 3. Vlerésime té gjeomorfositeve né Bashkiné Pogradec (GS 9 — GS 16).

Indikatorét/

Vlerat e dhéna nga ekspertét (0.00-1.00)

Subindikatorét 8 N ;n:am § . o
£ |_i208 |88 |sn|fs S
S |ZE8|E (3R |26 |28 |owsh|w
T | ESg S |2 |¥e |=e_[zgRO|E
So | 255 |53 |23Y |85 | SS3 |58
S8 | 855 |36 | 58| S8 |s38[s°88 [ S8
Vlerat kryesore (VK)
I. Vlerat shkencore/ edukuese (VShE)
1. Saerrallé (SIVKI) 0.25| 0.25 | 0.25| 0.25 | 0.25 | 0.25 0.25 0.25
2. pérfagésueshméria (SIVK,) 0.50| 0.75 | 0.75| 0.75 | 0.50 | 0.25 0.25 0.50
3. Njohurité né fushén e gjeosh-
kencés (SIVK,) 0.50 | 0.50 | 0.75| 0.25 [ 0.50 | 0.25 0.25 0.25
4. Niveliiinterpretimit {SIVK4) 1.00| 0.50 | 0.50| 0.75 | 0.75 | 0.50 0.50 0.50
11. Vlerat skenike/ estetike (VSE)
1. Piképamjet (SIVK,)2 0.25| 0.50 | 1.00 | 0.50 | 1.00 [ 0.50 0.50 0.50
2. Sipérfaqja {SIVKE) 1.00 | 0.00 | 0.50| 0.00 | 0.00 | 0.00 0.00 0.50
3. Natyra e peizazhit pérreth (S/VK)) | 0.75 | 0.25 [ 0.75 | 0.50 | 0.50 | 0.50 0.50 0.75
4. Pérshtatshméria me mjedisin
(SIVK,) 1.00 | 1.00 | 1.00 | 0.50 | 0.50 | 0.50 0.50 1.00
1II. Mbrojtja (VM)
1. Statusi i mbrojtes (SIVKQ) 0.25| 0.50 | 0.75| 0.25 | 0.25 | 0.75 0.75 0.75
2. Niveli i mbrojtjes (SIVK, ) 0.75| 0.25 | 0.75| 0.25 | 0.75 | 0.50 0.50 0.25
3. Dobésité {SIVK“) 0.50 | 0.50 | 0.50 | 0.50 | 0.00 [ 0.50 0.50 0.50
4. Nr.ivizitoréve té lejueshém
(SIVKJZ) 0.75| 0.25 | 0.50 | 0.50 | 1.00 | 0.25 0.25 0.25
Vlerat plotésuese (VP)
I. Vlerat funsionale (VF)
1. Arritshméria (SIVF ) 0.75] 0.50 | 0.25| 0.50 | 0.75 | 0.25 0.25 0.25
2. Vlerat natyrore plotésuese
(SIvP) 0.75| 0.50 | 0.25| 0.00 | 0.00 [ 0.50 0.25 0.25
3. Vlerat kulturore plotésuese
(SIvP) 0.75| 0.75 | 0.25| 0.25 | 0.50 | 0.00 0.00 0.75
4. Aférsia e gendrés rrezatuese
(sivp,) 0.00 | 0.00 | 0.00| 0.00 | 0.00 [ 0.00 0.00 0.00
5. Aférsia me rrugét mé té réndé-
sishme (SIVP,) 0.25] 0.25 | 0.25| 0.25 | 1.00 | 0.25 0.25 0.25
6. Vlerat funksionale plotésuese
(SIVP) 0.00 | 0.25 | 0.00 | 0.25 | 0.00 | 0.00 0.25 0.00
1. Vlerat turistike (VT)
1. Promovimi (SIVP)) 0.50 | 0.00 | 0.75| 0.25 | 0.00 | 0.00 0.00 0.00
2. Vizitat e organizuara (SIVP,) 0.50 | 0.00 |[0.50| 0.25 | 0.25 | 0.25 0.25 0.25
3. Aférsia e gendrés sé vizitoréve
(SIVPg) 0.00 | 0.25 | 0.25| 0.25 | 0.00 | 0.25 0.25 0.25
4. Panelet interpretuese (SIVP, ) 0.25| 0.00 | 0.25| 0.00 | 0.25 [ 0.00 0.25 0.00
5. Numri i vizitoréve vjetor (SIVP) | 0.25| 0.25 [ 0.25| 0.25 | 0.25 [ 0.25 0.25 0.25
6. Infrastruktura turistike (SIVP,) [ 0.00 | 0.25 [ 0.25| 0.25 | 0.00 | 0.25 | 0.25 |0.25
7. Shérbimet e guidave turistike
(sive,,) 0.25| 0.00 [050| 0.25 | 0.25 | 0.00 | 0.00 |0.25
8. Shérbimet e hotelerisé (SIVP,) | 0.25 | 0.50 | 0.50 | 0.25 | 0.50 | 0.25 0.25 |0.25
9. Shérbimet e restoranteve
(SIVPIS) 0.00 | 0.25 | 0.25| 0.00 | 0.25 | 0.00 0.00 0.00
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Né grupin e gjeomorfositeve té bash-
kisé Pogradec, vlerat mé té larta
kryesore dhe plotésuese i ka Ligeni
i Ohrit (GS 1). Sipas figurés 3, Ohri
pozicionohet né Z . sepse ka vlera
té larta shkencore, edukuese, este-
tike dhe mbrojtése. Ligeni ndodhet
prané rrugéve kryesore kombétare
dhe ndérkombétare, prané zonave té
banuara dhe pérdoret gjerésisht pér
zhvillimin e turizmit banlear, pesh-
kimit etj.

Gjeomorfositet e zonés Z,, si: Gadi-
shulliiLinit (GS 3), Shpella e Najazmés
(GS 4) dhe shpella e Memélishtit (GS
7) karakterizohen nga vlerat mesa-
tare kryesore dhe plotésuese gjeo-
turistike. Mbrojta né nivel kombétar
prej legjislacionit shgqiptar, vlerat
e larta edukuese pér brezat e rinj

népérmjet informacioneve gjeosh-
kencore, si dhe bukuria natyrore bén
gé té tri gjeomorfositet té vleréso-
hen me vlera mesatare kryesore. Dis-
tanca e afért me objekte té tjera té
trashégimisé natyrore dhe kulturore,
aférsia me gendrén e vizitoréve dhe
rrugéve nacionale. si dhe numri i
larté i shérbimeve té hotelerisé e
restoranteve bén qé Gadishulli i Li-
nit, Shpella e Najazmés dhe shpella
e Memélishtit té kené vlera mesatare
plotésuese. Pér té rritur vlerat krye-
sore gjeoturistike té té tri gjeomor-
fositeve éshté i réndésishém thellimi
i kérkimit shkencor né té ardhmen;
pérfshirja e tyre né guida gjeoturis-
tike, e cila kérkon infrastrukturé gjeo-
turistike, drejtues turistiké (ciceroné)
té specializuar né gjeoshkencé.

Tabela 4. Zonimi i gjeomorfositeve né bazé té modelit GAM.

Gjeomorfositet Vlerat kryesore Vlerat funksionale Zona
(Shérbimit Gjeologjik Shqiptar) (VShE+ VSE+ VM) (AV=Vfn+Vtr)
Ligeni i Ohrit (GS 1) 3.75+3.75+3.25=10.75 |[4.25+7.00=11.25 Z,
Ligenet e Lukovés (GS 2) 2+1.75+2.75=6.50 1.00+0.75=1.75 Z,
Gadishulli i Linit (GS 3) 2.50+2.25+2.75=7.50 2.75+4.50=7.25 Z,
IShpella e Najazmés (GS 4) 1.00+1.25+2.50=4.75 2.50+2.75=5.25 Z,
IShpella e Shén Marenés (GS 5) 1.75+1+2.25=5 1.75+2=3.75 Z,
IShpella e Baribardhés (GS 6) 1.5+1.75+1.25=4.5 1.25+2=3.25 Z,
IShpella e Memélishtit (GS 7) 1.50+1.50+2.25=5.75 2.50+2.75=5.25 Z,
IShpella e Ariut, Bishnicé (GS 8) 0.75+2.25+2.25=5.25 1.00+0.75=1.75 Z,
Kanioni i Lléngés (GS 9) 1.75+3+2.25=7 2.50+2.00=4.50 z,
Bashkimi i Shkumbinit me até té Dushés (GS 10) 2+1.75+1.5=5.25 2.25+1.5=3.75 Z,
Guri i Kamjes (GS 11) 2.25+3.75+2.50=8 1+3.50= 4.50 Z,
Gurét Nusja dhe Dhéndri (GS 12) 2+1.5+1.5=5 1.25+1.75=3 Z,
Mullarét e gurté Trebinjé (GS 13) 2+2+2=6 2.25+1.75=4 Z,
Piramida e tokés sé Qafé Panjés (GS 14) 1.25+1.50+2=5.75 1+1.25=2.25 Z,
iPiramida e tokés sé Kalivagit (Koka e Balos) (GS 15) |1.25+1.50+2=5.75 1+1.25=2.25 Z,
IMali i Nigés (GS 16) 1.5+2.75+1.75=6 1.5+41.5=3 Z,
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Ligenet e Lukovés (GS 2), Shpella e
Shén Marenés (GS 5), e Baribardhés
(GS 6), e Ariut (GS 8), Kanionii LIéngés
(GS 9), Bashkimi i Shkumbinit me até
té Dushés (GS 10), Guri i Kamjes (GS
11), Gurét Nusja dhe Dhéndri (GS
12), Mullarét e Gurté té Trebinjés (GS

13), Piramida e tokés sé Qafé Panjés
(GS 14), Piramida e tokés sé Kalivagit
(GS 15) dhe Mali i Nigés (GS 16) béjné
pjesé né zonén Z21. Gjeomorfositet
kané vlera mesatare kryesore dhe
vlera té uléta plotésuese.

1 - Ligeni i Chrit

2 = Ligenet & Lukosis
3« Gadighwlli i Linit

1 hajarmis
Shén Marands

Barbandhds
T - Shizells & Maralehit

B - Shpellz & Aot BEMGS
0 - Katiani | LIBnges
10 - Bashibifn i Shkumbici me a8 & Cushis

11« Guri | Kamjes.
12 » Gurel Nusja die Dhenderi

13 - Mullart @ gurta Trehinja
14 « Firamida e mkes =& Jafé Panjes
15 - Firamica @ tokns sa Kalhegk (Koka o Balns)

15
E B FAF] R 13
1
] r
[ TR 7Y T T
E = w= il ‘_ ‘E 4F'|
i E e.l"
i
Zi Zi F£T
Oq 4 B
Vierat kryesore

15 - Mal | Nigks
12

Figura 3. Pozicioni i gjeomorfositeve né grafikun e GAM-it.

Edhe pse jo té gjithé gjeomorfositet
mbrohen né nivel kombétar, vlerat
estetike té tyre, madhésia dhe poten-
ciali gjeoedukues i tyre éshté i larté.
Vlerat e uléta plotésuese pércakto-
hen nga largésia fizike dhe kohore
nga gendrat kryesore urbane, infra-
struktura rrugore dhe turistike e ulét,
niveli i ulét i turistéve (turisté aven-
ture), si dhe mungesa e shérbimeve
té restoranteve dhe hotelerisé prané
tyre. Démtimi natyror dhe human si:
ndérimi i hidrocentraleve né LIéngé,
gérmimet né gjeomorfosite, dém-
timi i Mullaréve té Gurté té Trebinjés
nga ndértimi i rrugés automobilistike
Qukés-Qafé Pllocé, pérdorimi i ujit té
ligenit té Lukovés pér ujitje etj., do té
sjellé démtimin e parikthyeshém té
gjeomorfositeve dhe humbja e ploté
e vlerave gjeoturistike.

PERFUNDIME

Vlerésimet e trashégimisé natyrore
jané té réndésishme né zhvillimet
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e sotme urbane dhe né kérkesat e
larta pér lévizje turistike. Gjeoturizmi
éshté formé e re e lévizjes turistike
me mundési t& médha zgjerimi né
vendin toné. Vetém Bashkia e Po-
gradecit mbart potenciale té larta
gjeoturistike. Pavarésisht se gjeo-
morfositet paraqiten pérgjithésisht
me pérmasa té vogla, unikaliteti i
tyre i bén tepér edukues, térheqér
dhe turistike. Duke gené se objektet
e gjeodiversiteti perceptohen si té
pandryshueshme dhe té pakércénu-
ara niveli i mbrojtjes institucionale
dhe e popullsisé lokale éshté tepér i
ulét. Financimet né kuadér té mbro-
jtjes, promovimit dhe konservimit té
gjeotrashégimisé jané tepér té uléta.
Né gjeomorfosite jané evidentuar
ndérhyrje institucionale me nivele
té larta démtimi, deri né humbjen
totale té gjeomorfositit. Mbrojtja,
ruajta dhe konservimi i gjeomor-
fositeve kérkon thellimin e kérkimit
shkencore né Bashkiné Pogradec
dhe edukimin e komunitetit lokal,
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turistéve dhe menaxheréve turistike.
Duhet té kuptohet qé gjeodiversiteti
éshté elementi bazé mbi té cilén zh-
villohet biodiversiteti dhe diversiteti

tegrohen né politikat dhe programet
lokale e kombétare, duke mundésuar
konservimin e tyre dhe zhvillimin e
géndrueshém mjedisor, kulturor dhe

kulturor. Gjeomorfositet duhet té in-  ekonomik.
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ABSTRACT

The geomorphosites represent geoheritage sites and landforms assemblages, with
high scientific, educational value, and increased geotouristic potential. The goal of this
study is the preliminary assessment through GAM methodology (Geomorphosite As-
sessment Method), of 16 selected geomorphosites located on the Pogradec Municipal-
ity’s territory. The GAM methodology aims to highlight the geotourism potential of
each geomorphosite by presenting their scientific, scenic/aesthetic, protection, func-
tional and touristic values. The main purpose of this study is to analyse the relation-
ship between the various parameters, such as: the level of knowledge on geoscientific
issues, surrounding landscape and nature, level of protection, functional and touristic
values of the investigated geomorphosites. The values obtained for the main and addi-
tional parameters, by applying the GAM method, allowed the geomorphosites ranking,
and highlighted the advantages and problems that will affect the future geotourism

development of the studied area.

Keywords: Geoheritage, geotourism, geomorphosites, Pogradec area, GAM method.

INTRODUCTION

In recent geoscientific studies, terms
such as geodiversity, geoheritage,
georesources, geosites and geotour-
ism are widely used. According to
Gray (2013) geodiversity comprises
geological, geomorphological land-
forms, topography, and physical pro-
cesses, pedological and hydrological
features. Various parts of geodiver-
sity which support a better under-
standing of the Earth history (rocks,
fossils, minerals and geological land-
scapes) are part of the geological
heritage or geoheritage (Adriansyah
et at. 2015).

The geoheritage includes a wide
range of abiotic features and pro-
cesses, with high scientific, estheti-
cal, educational, protection, cultural,
economic, and touristic values. Ac-
cording to Brihla (2020) the in situ
abiotic elements with scientific value
are called geosites, while the ex-situ
ones are named geodiversity sites.

Different researchers (Reynard 2005;
Reynard & Panizza 2005; Reynard et
al. 2007; Panizza & Piacente 2009)
defined the geomorphosites as land-
forms with special attributes, which
are all part of the cultural heritage of
a given territory. Included in the geo-
morphosites are the relief landforms
(mountains, hills, caves, canyons
etc.) formed by erosional processes,
lacustrine or riverine sedimentation,
glacial and tempestite deposition,
karstic, alluvial or deluvial processes,
and not at last by anthropogenic ac-
tivity. They can be simple geomor-
phological landforms or part of the
vast landscape which can be modi-
fied, damaged, or changed under the
anthropogenic influence. Their real
values are unknown for the public,
being a necessity to improve their
knowledge on such topics.

The geotourism is the field which
promotes the geological, geomor-
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phological and landscape/scenery
characteristics as touristic attraction,
this type of tourism is focused on
Earth geological features, in promot-
ing their environmental, cultural and
protection values (Dowling & New-
some 2006; Newsome & Dowling
2010; Newsome et al. 2012; Dowling
2013). The geotourism offers knowl-
edge on the local geology and allows
a better understanding regarding its
connection to the natural richness,
such as: biodiversity, archaeology and
culture (Martini et al. 2012).

The goal of this study was the geotour-
istic evaluation of the geomorphosites
located within the Pogradec munici-
pality territory. The territory displays a
high potential for the geotourism de-
velopment due to the presence of var-
ious geomorphosites. The term geo-
morphosite is not well known in the
Albanian terminology. The Albanian
researchers use in general borrowed
terminology for protected areas from
IUCN (International Union for the
Conservation of Nature), such as geo-
monuments and hydro monuments.
Geomonuments represent natural
landforms (geological and/or geomor-
phological), such as: relief landforms,
micro-landforms, mineral deposits, or
endangered habitats, with esthetical,
ecological, and touristic values (KRSH
2002). The hydro monuments are
represented by various water springs
or wells, rivers, lakes, waterfalls, la-
goons, and marshes. Considering that
the terms geo/hydro monuments and
geomorphosites are synonyms of each
other, the term geomorphosite will be
used in the study, to be more coherent
and to be aligned with international
scientific studies.

GEOLOGICAL SETTING

According to the new administra-
tive subdivision of the Albanian ter-
ritory (KRSH 2014), the investigated
area, part of Pogradec municipality,
is divided into eight administrative
units (Pogradec, Hudénisht, Bugimas,
Proptisht, Trebinjé, Dardhas, Cérravé,
Velgan), comprising 72 villages and
one city (Pogradec city). The long his-
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tory and cultural heritage dates back
to 6000 BC, being represented by the
presence of various ruins, bridges, fos-
sil remains and human dwellings. Ac-
cording to the 2011 national records,
the population in this area was 61.713
inhabitants (INSTAT 2011). The munic-
ipality is the responsible institution for
protection and management of natu-
ral resources and geoheritage. An im-
portant input for the geomorphosites
formation is held by tectonics and li-
thology’s interaction with climate and
biodiversity.

From geological point of view, the
studied area (Fig. 1) is part of the Mir-
dita tectonic unit and the Albanian —
Thessalian Basin (Pashko 2018), which
upheld the proof of late neotectonics’
activity. During the Triassic — Juras-
sic time interval the carbonate sedi-
mentation took place and underwent
important uplifting activity (Qiriazi
2019). The area displays a wide range
of formations, such as: the lower —
middle Triassic limestones (T ), mid-
dle Triassic — middle Jurassic (T, - J,),
upper Triassic — lower Jurassic (T, - J,),
middle Jurassic metamorphic rocks
(harzburgite oJ, — W), Jurassic - Cre-
taceous (Tithonian — Valanginian ter-
rigenous — ophiolitic deposits; J,*-Cr "),
lower — upper Cretaceous conglom-
eratic limestones (Crl; Cenomanian
Cr,sen), Paleogene deposits (middle
Eocene — early Oligocene sandstones
and conglomerates), Paleogene -
Neogene deposits (upper Chattian —
Aquitanian clastic deposits and coals),
Neogene sediments (Aquitanian, N 'a;
Pliocene N,) and Pleistocene — Holo-
cene deposits (Q_,; Q; Xhomo et al.
2002). The central part of the area is
filled by terrigenous sediments, while
the marginal zones, mainly by lime-
stones. The interaction between the
geological formations part of Librazhd
— Mokra syncline (Qiriazi 1985) and
premontane Mediterranean climate
(Krutaj et al. 1990) allowed the forma-
tion of various geoscientific important
relief landforms
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Figure 1. Location on geological map (schematic, 1: 25 000/ ArcGIS 10.1, 2021)
of the investigated geomorphosites on the Pogradec Municipality’s territory.

The Pogradec area is rich in natural
surface waters and growndwater
resources, such as: rivers, karstic
springs (Tushemisht, Drilon, Shén
Naum), lakes (Ohrid, The Big Lake,
the Lukova Lake, the Gur Topi lakes),
rivers (Shkumbin, Cérrava, Drilon,
Vérdova, Pogradec and Térhan), as
well as part of Drin and Shkumbin
watersheds (Pano 2015). The natural
heritage of Pogradec area comprises
the following: the UNESCO site, the
Ohrid area, and 40 nature monu-

ments (M.N.; Qiriazi & Sala 2006);
the Guri i Nikés spring (category
IV) and the Protected Landscape of
Ohrid Lake (category V; Qiriazi 2019).
Part of nature heritage and geoher-
itage are 16 geomorphosites (M.N.),
with important scientific, geological,
and geomorphological values, listed
in the Albanian Natural Monuments
classification (KRSH 2019) and in
the Albanian Geological Survey geo-
monuments (Neziraj et. al. 2021). In
the territory of the municipality of
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Pogradec are found four hydro-geo-
morphological monuments, seven
karstic monuments, one monument
of riverine character and six nature
monuments of aeolian/weathering

Table 1. Geomorphosites’ classification according to their scientific values (after Neziraj

origin. Figure 1 shows the location
of the studied geosites, while their
names, category, and classification
according to their scientific value is

given in table 1.

et. al. 2021).

No. [Name ICategory [Scientific values
1 |Ohrid Lake Sael?_rr:gczpnl';(c)loglcaI—L|tholog|— International
2 |Lukova Lakes Sj?{:&ropnr;glog'caI-thhdog'- Local
3 |Lin Peninsula tGoenoiEnorphologlcaI/Neotec— National
4 |Najazma Cave Geomorphological/Karstic Local
5 |Saint Marena Cave Geomorphological/Karstic Local
6 |Baribardha Cave Geomorphological/Karstic Local
7 [Memélisht Cave Geomorphological/Karstic Local
8 [Ariu (Bishnicé) Cave Geomorphological/Karstic Local
9 |LI&nga Canyon Geomorphological/Riverine  |Local
10 ﬁeglﬂsuence of Shkumbin and Dusha Geomorphological/Riverine  |Local
11 |GuriiKamjes \C,ivzc;r:\hc‘;rr?:;ologlcal/Aeollan— National
12 |Nusja and Dhéndri Stones svzc;rphc;rr;i):é)loglcal/Aeol|an— Local
13 [Trebinja Stone Mills svee%r{\hoerr;i):é)loglcal//&eol|an— Local
14 |Qafé Panja Earth Pyramid svee(;rtnhoerr;?rl;\é)loglcal/Aeol|an— Local
15 [Kalivag (Koka e Balos ) Earth Pyramid alee%r:\hoerrpi):é)loglcal/Aeol|an— Local
16 |Nigé Mountain 3Vee%rtnhoerrpi):é)logical/AeoIian— Local

Description of the investigated geo-
morphosites

Based on the literature and the field
observations, a short description of
the studied geomorphosites from the
Pogradec area is given below (Fig. 2).

Ohrid Lake (Lacus Luchnidus) repre-
sents a large transboundary water
mass, filling the Ohrid graben during
the late Miocene — early Pliocene in-
terval (Pano 2015). The low intensity
detachment due to neotectonics, but
slightly higher than the neighbouring
grabens (Korga, Prenjas etc.), allowed
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the formation of this lake with an
area of 362.6 km? dhe and maximum
depth of 295 m (Qiriazi 2019). This is
one of the biggest lakes of karstic ori-
gin, with endemic ancient fauna and
flora (Clarke et al. 2000; Pano 2015).
The high amount of endemic species
characteristic for fresh water are part
of the world heritage (The Natural
and Cultural Heritage of Ohrid re-
gion, UNESCO 2019). Similar, the Al-
banian part of the lake (111.4 km?) is
a protected landscape belonging to
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the Vth category of Protected Monu-
ments in Albania.

Lukova Lakes have glacial origin, be-
ing located at 1700 — 1830 m height
above sea level on the eastern part
of Guri i Topit Mountain. They over-
lay the ultrabasic basement (Qiriazi &
Sala 2006; Qiriazi 2020) and are filled
by moraine sediments, with the main
water source being the melted snow
and ice. They have an oval shapel
shape, surrounded by centuries-old
beech and fir forests and are consid-
ered Nature Monuments in Albania.

Lin Peninsula is located on the west-
ern side of Ohrid Lake at about 90
m above water level. From the geo-
logical point of view, it is composed
of Triassic limestones and siliceous
rocks, with a length of 2 km and a
width of 1.5 km (Mazelli et al. 2016).
According to Qiriazi (1985) the area
is the result of the lake water fluctua-
tions (regressions), tectonic and ero-
sional processes (Qiriazi 2019). Since
2019, the peninsula was included
in the international heritage monu-
ments as part of the “Natural and
cultural heritage of Ohrid region”
(UNESCO 2019). The peninsula dis-
plays important archaeological trac-
es, such as the Lin mosaic, a church
dating from the VI-th century BC and
some palafittes (Menkshi 2020).

Najazma Cave is located near Tush-
emisht border and represents an un-
derground karstic system, formed in
T,-J, limestones (Qiriazi & Sala 2006).
The karstic waters responsible for
the cave formation and their dynam-
ics allow the karstogenesis process to
continue.

Saint Marena Cave is of karstic ori-
gin, being formed at a depth of 25
m underground in Cr, limestones,
displaying calcareous concretions
and other formations (Mazelli et al.
2016). The cave is located at 1100 m
above sea level in the Mokra area,
Trebinjé administrative unit, and
Llénga village neighboring. It was

named after Saint Mary.

Baribardha Cave is of karstic ori-
gin, being formed in Cr, limestones.

It reaches a length of 30 m, 3 -4 m
width, and a height of 2 - 3 m (Qiriazi
& Sala 2006). It is included in the Ilird
category of Protected Areas Monu-
ments.

Memélisht Cave, known also as the
water cave is located near Memélisht
village, Udenisht administrative unit.

It was formed in the Cr, limestones of

Guri i Kug Mountain. The karstogen-
esis process is continuously active.
The cave has a length of 300 - 400 m,
a width of 10 m and a height of 25 m.

Ariu Cave (Bishnicé) has a karstic ori-
gin, and it is located at 1150 m above
sea level, on the eastern side of Guri i
Topit mountain, near Bishnica village.
The cave develops vertically reaching
a depth of 60 m, with three rooms in-
terconnected to each other through
corridors. The cave displays undam-
aged stalactites and stalagmites, and
it was named after the fossils (skel-
eton) of a bear discovered inside.

Llénga Canyon or Gurra (Stone) Can-
yon was formed due to erosional
processes of Gurra stream (branch
of Shkumbin river), which overlay
and cross the limestones of Shkémbi
i LIéngés — Maja e Gurit heights. It
is located near Llénga village, in the
Trebinjé administrative unit. The riv-
erine erosional processes and the kar-
stogenesis supported by the uplifting
tectonic activity, allowed the devel-
opment of this canyon on a length
of 1 km, with a 60 m height and 15
m width (Qiriazi & Sala 2006). Inside
the canyon were discovered traces of
the Egnatia highway (dating back to
the 1I™ century BC) which was con-
necting Mokra, Gora and Voskopoja
highlands (Braholli & Menkshi 2020).

Confluence of Shkumbin and Dusha
rivers represents a narrow straight
formed in the Oligocene molasses
deposits (ca. 33.9 Ma; Mazelli et al.
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2016). The molasses sediments are
represented by claystones, siltstones
and well cemented sandstone. De-
spite exhibiting high educational and
scientific values, this geosite doesn’t
have any legal protection.

Guri i Kamjes is located near Dardha
village, having the form of a ship with
a length of 100 m, a width of 80 m
and a height of 70 m (Avxhi et al.
2015; Migi & Pazari 2021). Due to its
composition of cemented conglom-
erates, compared to the surrounding
claystones and marlstones, it is high-
ly resistant to climatic phenomena.

“Nusja and Dhéndri” Stones (Bride
and Groom) are located in the vicin-

ity of Senisht village, within Mokra
administrative unit territory. They
are two stones made of limestone, of
3 m height, and they are the results
of aeolian and weathering activity
(Menkshi 2020). The stones have na-
tional scientific value.

Trebinja Stone Mills are located near
Trebinjé village, within the same ad-
ministrative unit. The stones are lo-
cated at a height of 1150 m above sea
level, on Dusha Mountain and have a
height of 3 — 10 m. Their slightly dif-
ferent composition of sandstone and
conglomerates allowed the aeolian
and erosional processes to act dif-
ferently (Braholli & Menkshi 2020).
They have national scientific values.

Figure 2. Images of six geomorphosites from Pogradec area (photos by
Braholli E. and Kreka O. 2020).
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Qafé Panja Earth Pyramids are lo-
cated at 1.489 m height above sea
level and are composed of Aquita-
nian conglomerates with sandstone
and siliceous cementation. They
have aeolian origin and they were
shaped in the form of pyramids with
8 m height, 2 m width and 3 m length
(Mazelli et al. 2016). They don’t have
legal protection and are under the
risk of being eroded at the base.

Kalivag Earth Pyramid (Koka e Balos)
isa monument similarin composition
and age to those of Qafé Panja. It is
located at 1180 m above sea level,
4 m height and the shape of a stone
hat. It has aeolian origin and local sci-
entific values, but without any legal
protection.

Nigé Mountain is located within the
administrative territory of Trebinjé.
It’s part of the physical — geographi-
cal units of Malésia Mokra, Cezma
sector. The highest peak reaches
1687 m above sea level and exhibit
noticeable erosional forms of aeolian
origin. Figure 2 shows images of the
investigated geomorphosites from
Pogradec Municipality’s territory.

METHODOLOGY

For the geotouristic assessment of
the geomorphosites in the territory
of Pogradec Municipality, it was used
the GAM method (Geosite Assess-
ment Method), created by Vujici¢ et
al. (2011), and applied in different
European countries for the analysis
of various parameters, such as geo-
morphosites protection, manage-
ment, conservation and promotion.
Through the GAM method, as it is
intended, was determined the level
of scientific, educational, aesthetic,
protection, functional and touristic
values of geomorphosites, while si-
multaneously analyzing the condi-
tions of protection, conservation,
and damage for each of them.

The GAM methodology separated
two groups of values (main and ad-
ditional), where the main ones in-

cluded three sub-groups (indicators):
a) scientific/educational values; b)
scenic/aesthetic values; and c) pro-
tection values. The additional values
include two sub-groups (indicators):
a) functional values and b) touristic
values (Vujici¢ et al. 2011).

The scientific/educational values
(VSE) represent the base parameters
to classify the geoheritage abiotic
elements and includes four sub-in-
dicators. The scenic/aesthetic val-
ues (VSA), with four sub-indicators,
are part of the main values because
they do not change over time. The
protection value (VPr) has four sub-
indicators and is seen as an impor-
tant activity before promotion and
tourism development as a whole. In
total, the main values include 12 sub-
indicators.

The additional values were sepa-
rated into two sub-groups (indica-
tors), functional and touristic. The
functional values (VFn) include six
sub-indicators, while the touristic
ones (VTr) evaluate the existing situ-
ation of touristic services and include
nine sub-indicators. These last ones
are not direct elements, but they
have a direct influence in geotourism
development. In total, the GAM as-
sessment comprises 12 main and 15
additional sub-indicators, which are
presented and explained in table 2.
Each sub-indicator has a numerical
value, which starts from the lowest
to the highest: 0.00, 0.25, 0.50, 0.75
and 1.00. The numerical values are
given in table 3. In order to specify
the geomorphosites main values, it
is necessary to make the sum of all
the indicators belonging to scientific
— educational, landscape — aestheti-
cal and protection values, as below:

VK = VShE + VSE + VMb =Y. 12, SIVM; ku:0 < SIVM; < 1
The additional values are given by
the sum of functional and touristic

values, according to the below for-
mula:

VP =VFn + VI=X1, SIVA;ku: 0 <SIVA; <]

The SIVMi and the SIVAj represent
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12 sub-indicators (i= 1,...,12) for
main values and 15 sub-indicators
for additional ones (j=1,...,15) for
each geomorphosite (Tab. 2). The
obtained numerical data are plotted
on a graph where the X axis (horizon-
tal) shows the 12 main values, while
the Y axis (vertical) shows the 15 ad-
ditional values. The plot is separated
into nine zones, where each of them
contains four main and five addition-
al values. The zones are named Z ,
Z,, Ly and starting from zone Z, to
Z_,, there is an increase of main and
additional values of the studied geo-
morphosites.
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RESULTS AND DISCUSSIONS

The application of GAM methodolo-
gy required continuous geoscientific
data collecting, topographical maps
(1: 25 000) analysis, Google Earth
territory’s investigation, field trips
and consulting with local geoheritage
managers. During the field trips were
interviewed local inhabitants, ran-
dom tourists, touristic guides, which
helped to a qualitative assessment
of the sub-indicators for the studied
geomorphosites. The objective eval-
uations were converted into numeri-
cal data, with values from 0.00 to
1.00 for each sub-indicator, as shown
in tables 2 and 3. Table 4 exhibits the
sums of main and additional values,
assigning the investigated geomor-
phosites to the identified zones.
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Table 2. Assessment of geomorphosites in Pogradec Municipality territory (GS 1 -GS 8).

Indicators/ Values given by experts (0.00-1.00)
Sub-indicators , . Y
] S S o < S
L 3 3 Sa|l, |20 &.’. o
S e |5 |2%|S8 |58 |2 g
Tolda|f€m|TElze (€25 |3
S8|38|58|58|8§8 |88 |s8 |58
Main Indicators
1. Scientific/Educational Values
(VSE)
1. Rarity (SIVKJ) 1.00 | 0.25 | 0.50 | 0.00 | 0.00 | 0.00 0.00 0.00
2. Representativeness (SIVKZ) 0.75 | 0.50 [ 0.75 | 0.25 | 0.50 | 0.50 0.25 0.00
3. Knowledge on geoscientific issues
(SIVKs) 1.00 | 0.50 | 0.75 | 0.25 | 0.50 0.25 0.50 0.25
4. Level of interpretation (SIVK,) 1.00 | 1.00 | 0.50 | 0.50 | 0.75 | 0.75 0.75 0.50
II. Scenic/Aesthetical Values (VSA)
1. Viewpoints (SIVK )2 1.00 | 0.50 | 1.00 | 0.25 | 0.00 | 0.50 0.25 0.25
2. Surface (SIVK,) 1.00 [ 0.50 | 0.50 | 0.00 | 0.00 | 0.50 0.00 0.50
3. Surrounding landscape and
nature (SIVK,) 0.75] 0.75 [ 0.75 | 0.50 | 0.50 | 0.25 0.75 0.50
4. Environmental fitting and sites
(SIVK,) 1.00 | 1.00 | 1.00 | 0.50 | 0.50 | 0.50 0.50 1.00
1ll. Protection Values (VPr)
1. Current condition (SIVK,) 0.75] 0.75 | 0.50 | 0.75 | 0.50 | 0.25 1.00 1.00
2. Protection level (SIVK,)) 1.00 [ 0.75 | 1.00 | 0.50 | 0.75 | 0.25 0.75 0.00
3. Vulnerability (SIVKH) 0.75 | 0.75 [ 0.75 | 0.75 | 0.75 0.50 0.75 1.00
4. Suitable number of visitors
(SIVKH) 1.00 | 1.00 | 0.50 | 0.25 | 0.25 0.25 0.25 0.25
Additional Indicators
I. Functional values (VFn)
1. Accessibility (SIVFl) 1.00 | 1.00 | 0.50 | 0.25 | 0.25 0.75 0.25 0.25
2. Additional natural values (SIVP,) 0.75 ] 0.50 | 0.25 | 0.50 | 0.50 | 0.00 0.50 0.25
3. Additional anthropogenic values
(SIVP)) 1.00 | 0.50 [ 0.50 | 0.50 [ 0.75 | 0.00 0.25 0.25
4. Proximity to emissive centers
(SIVPA) 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00
5. Proximity to important (main)
road network (SIVP5) 1.00 | 1.00 | 1.00 | 1.00 | 0.25 0.25 1.00 0.25
6. Additional functional values
(SIVPE) 0.50 | 0.75 [ 0.50 | 0.25 | 0.00 0.25 0.50 0.00
Il. Touristic Values (VTr)
1. Promotion (SIVP)) 1.00 | 0.75 | 1.00 | 0.00 | 0.50 | 0.25 0.00 0.00
2. Organized visits (SIVPE) 1.00 | 1.00 | 0.25 | 0.25 | 0.50 0.50 0.00 0.25
3. Proximity to visitor center(SlVPg) 0.75 | 0.50 [ 0.50 | 0.50 | 0.00 | 0.25 0.75 0.00
4. Interpretative panels (SIVPw) 0.50 | 0.50 [ 0.00 | 0.00 | 0.25 | 0.00 0.00 0.00
5. Number of visitors (SIVP, ) 0.75] 0.75 [ 0.25 | 0.25 | 0.25 | 0.25 0.25 0.25
6. Tourism infrastructure (SIVP ) 0.75 | 0.50 | 0.25 [ 0.00 | 0.00 | 0.25 | 0.00 | 0.00
7. Tour guide service (SIVP,,) 0.25| 050 | 0.25 | 0.00 | 0.25 | 025 | 0.00 |o0.25
8. Hostelry service (SIVP, ) 1.00 [ 1.00 | 1.00 | 1.00 | 0.25 | 0.25 | 1.00 | 0.00
9. Restaurant service (SIVP,) 1.00 [ .00 | 1.00 | 0.75 | 0.00 | 0.00 | 075 | 0.00
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Table 3. Assessment of the geomorphosites in Pogradec Municipality territory (GS 9 — GS 16).

Indicators/ Values given by experts (0.00-1.00)
L - )
Sub-indicators :ﬁg ol ok %m %s'ﬁ §§ ©
S P IR ey OS¢, e 38 38
S [258|§ |3 |26 |8 [oE% |y
T | f2g |8 B2 |®w |Se_|Zwa_|2
So |E58 | :x |#8x |85 | 559 | 56B7 |2
< G2G | S 5o So | 8 SxP3I |3
S8 853 (38 | 358 |SE [s48|s88& | S
Main Indicators
1. Scientific/Educational Values
(VSE)
1. Rarity (SIVKJ) 0.25| 0.25 | 0.25| 0.25 | 0.25 | 0.25 0.25 0.25
2. Representativeness (SIVK,) 0.50| 0.75 | 0.75| 0.75 | 0.50 | 0.25 0.25 0.50
3. Knowledge on geoscientific
issues (SIVK,) 0.50 | 0.50 | 0.75| 0.25 [ 0.50 | 0.25 0.25 0.25
4. Level of interpretation (SIVK,) 1.00| 0.50 [ 050 0.75 | 0.75 | 0.50 0.50 0.50
1. Scenic/Aesthetical Values (VSA)
1. Viewpoints (SIVK,)2 0.25| 0.50 | 1.00 | 0.50 | 1.00 [ 0.50 0.50 0.50
2. Surface (SIVKs) 1.00 | 0.00 | 0.50| 0.00 | 0.00 | 0.00 0.00 0.50
3. Surrounding landscape and
nature (SIVK7) 0.75| 0.25 | 0.75| 0.50 | 0.50 [ 0.50 0.50 0.75
4. Environmental fitting and sites
(SIVKE) 1.00 | 1.00 | 1.00 | 0.50 | 0.50 | 0.50 0.50 1.00
11I. Protection Values (VPr)
1. Current condition (SIVK,) 0.25| 0.50 | 0.75| 0.25 | 0.25 | 0.75 0.75 0.75
2. Protection level (SIVKw) 0.75| 0.25 | 0.75| 0.25 | 0.75 | 0.50 0.50 0.25
3. Vulnerability (SIVK, ) 0.50 | 0.50 | 0.50| 0.50 | 0.00 [ 0.50 0.50 0.50
4. Suitable number of visitors
(SIVK,,) 0.75| 0.25 | 0.50 | 0.50 | 1.00 | 0.25 0.25 0.25
Additional Indicators
I. Functional values (VFn)
1. Accessibility (SIVFI} 0.75| 0.50 | 0.25| 0.50 | 0.75 | 0.25 0.25 0.25
2. Additional natural values (S/VP,) | 0.75 | 0.50 | 0.25 | 0.00 | 0.00 | 0.50 0.25 0.25
3. Additional anthropogenic values
(SIVP,) 0.75| 0.75 | 0.25| 0.25 | 0.50 | 0.00 0.00 0.75
4. Proximity to emissive centers
(SIVP,) 0.00 | 0.00 | 0.00| 0.00 | 0.00 [ 0.00 0.00 0.00
5. Proximity to important (main)
road network (SIVP,) 0.25| 0.25 | 0.25| 0.25 | 1.00 | 0.25 0.25 0.25
6. Additional functional values
(SIVP,) 0.00 | 0.25 | 0.00 | 0.25 | 0.00 | 0.00 0.25 0.00
1l. Touristic Values (VTr)
1. Promotion (SIVP7) 0.50 | 0.00 | 0.75| 0.25 | 0.00 | 0.00 0.00 0.00
2. Organized visits (SIVP,)
0.50 | 0.00 | 0.50| 0.25 | 0.25 | 0.25 0.25 0.25
3. Proximity to visitor center (SIVP,)
0.00 | 0.25 | 0.25| 0.25 | 0.00 | 0.25 0.25 0.25
4. Interpretative panels (SIVPw) 0.25 | 0.00 | 0.25| 0.00 | 0.25 | 0.00 0.25 0.00
5. Number of visitors (SIVP, ) 0.25| 0.25 | 0.25| 0.25 | 0.25 | 0.25 0.25 0.25
6. Tourism infrastructure (SIVP ) 0.00| 025 [025| 025 [0.00| 025 | 025 |0.25
7. Tour guide service (SIVP,) 025 | 0.00 |050| 025 | 025 0.00 | 000 |0.25
8. Hostelry service (SIVP,,) 0.25| 0.50 [0.50 | 0.25 | 0.50 | 0.25 0.25 |0.25
9. Restaurant service (SIVP, ) 0.00| 025 |0.25| 0.00 |0.25| 000 | 000 |0.00
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Among the investigated geomor-
phosites, the one displaying the
highest main and additional values
is Ohrid Lake (GS 1). According to fig-
ure 3, its values are located in zone
733 because this geomorphosite has
high scientific, educational, aestheti-
cal and protection values. The lake is
located near the main national and
international transportation routes,
populated areas and is mainly used
for tourism development, fishing,
and outdoor activities.

Geomorphosites belonging to zone
Z22, such as: Lin Peninsula (GS 3),
Najazma Cave (GS 4) and Memeélisht
Cave (GS 7), are characterized by in-
termediate main and additional geo-
touristic values. The legal national

protection, the highest educational
values providing to the future gen-
eration’s geoscientific knowledge
and the amazing landscape/scen-
ery make them exhibit intermediate
main values. The proximity to other
heritage and cultural monuments,
to the tourist center and to national
roads, combined with the increased
accommodation and food services
makes these three geomorphosites
to have intermediate additional val-
ues. In order to increase the main
geotouristic values of these geo-
morphosites it is necessary to make
future scientific research, to include
them in the geotouristic tour guides,
to improvement the infrastructure,
and employ specialized guide in geo-
science.

Table 4. Zonation of geomorphosites based on GAM model.

Geomorphosites Main Values Functional Values Zone
(Albanian Geological Survey) (VShE+ VSE+ VM) (AV=Vfn+Vtr)
Ohrid Lake (GS 1) 3.75+3.75+3.25=10.75 |4.25+7.00= 11.25 Z,
Lukova Lakes (GS 2) 2+1.75+2.75=6.50 1.00+0.75=1.75 Z,
Lin Peninsula (GS 3) 2.50+2.25+2.75=7.50 2.75+4.50=7.25 Z,
INajazma Cave (GS 4) 1.00+1.25+2.50=4.75 2.50+2.75=5.25 Z,
ISaint Marena Cave (GS 5) 1.75+1+2.25=5 1.75+2=3.75 Z,
Baribardha Cave (GS 6) 1.5+1.75+1.25=4.5 1.25+2=3.25 Z,
IMemélisht Cave (GS 7) 1.50+1.50+2.25=5.75 2.50+2.75=5.25 Z,
Wriu Cave - Bishnicé (GS 8) 0.75+2.25+2.25=5.25 1.00+0.75=1.75 Z,
LIénga Canyon (GS 9) 1.75+3+2.25=7 2.50+2.00=4.50 Z,
IConfluence of Shkumbin and Dusha (GS 10) 2+1.75+1.5=5.25 2.25+1.5=3.75 Z,
Guri i Kamjés (GS 11) 2.25+3.75+2.50=8 1+3.50= 4.50 Z,
INusja and Dhéndéri Stones (GS 12) 2+1.5+1.5=5 1.25+1.75=3 Z,
Trebinja Stone Mills (GS 13) 2+2+2=6 2.25+1.75=4 Z,
Qafé Panja Earth Pyramids (GS 14) 1.25+1.50+2=5.75 1+1.25=2.25 z,
Kalivag (Koka e Balos) Earth Pyramid (GS 15) 1.25+1.50+2=5.75 1+1.25=2.25 Z,
INicé Mountain (GS 16) 1.5+2.75+1.75=6 1.5+41.5=3 Z,
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The Lukova Lakes (GS 2), Saint Mare-
na Cave (GS 5), Baribardha Cave (GS
6), Ariu Cave (GS 8), LIénga Canyon
(GS 9), Confluence of Shkumbin and
Dusha (GS 10), Guri i Kamjes (GS 11),
Nusja and Dhéndri Stones (GS 12),
Trebinja Stone Mills (GS 13), Qafé

Panja Earth Pyramids (GS 14), Kal-
ivag Earth Pyramid (GS 15) and Nigé
Mountain (GS 16) are all included
in zone 721, and they all exhibit in-
termediate main and low additional
values.
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Figure 3. Location of geomorphosites on GAM plot.

Even if not all of them are protected
at national level, their scenic/aes-
thetical values, size, and educational
potential is relatively high. The low
additional values are given by the
distance and the time needed to
reach them from the urban areas,
poor road infrastructure, low num-
ber of tourists (adventure tourists),
and the lack of good restaurants and
accommodation services nearby. The
nature damaging and human inter-
vention in many areas, such as: hy-
drocentral construction in LIEngg, ex-
cavations in their vicinity, damage of
the Trebinja Stone Mills from Qukés
— Qafé Pllogé national road construc-
tion, use of Lukova Lakes water for
irrigation activities etc., will bring in
future many long terms irrevocable
damage and the loss of geomor-
phosites geotouristic values.
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CONCLUSIONS

The evaluation of nature’s heritage is
an important factor for today’s urban
planning development and increas-
ing tourism activity. The geotourism
is a new trend with high opportuni-
ties to develop in our country. The
Pogradec Municipality’s territory
exhibits high geotouristic potential.
Even though the geomorphosites
have small sizes, their uniqueness
makes them have high educational,
attractive, and touristic values. Due
to fact that the geomorphosites are
perceived as unchangeable and un-
threatened to be damaged, the level
of protection from institutions and
local population, together with the
funding assigned for their protection,
promotion and conservation is very
low. It is noticeable sometimes some
institutional intervention within the
geomorphosites area, which brings
high levels of damage, causing some-
times their total loss. The protection,
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preservation, and conservation of
geomorphosites requires the deep-
ening of scientific research in the
area, the education of the local com-
munity, tourists, and tourism man-
agers. It is important to understand
that geodiversity is the basic element

on which biodiversity and cultural
diversity develop. In order to enable
their conservation and sustainable
environmental, cultural and econom-
ic development, the geomorphosites
must be integrated into local and na-
tional policies and programs.
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IN MEMORIAM

NE NDERIM E KUJTIM TE PROF. DR. ANDON GRAZHDANI

Me datén 21 Maj 2022 u nda nga
jeta Prof. Andon GRAZHDANI, njé nga
ikonat e Fakultetit té Gjeologjisé dhe
Minierave, i cili la né pikéllim té thellé
njerézit e tij té dashur, familjaré, té
aférm, miq, kolegé dhe ish nxénés té
tij, qé aq shumé e deshén...

Profesor Grazhdani ka gené njé nga
pionierét e gjeologjisé shqiptare, dhe
njé kontribuues shkencor i réndé-
sishém né formimin e njé strategjie
té kérkimeve gjeologjike né Shqipéri.
Gjaté gjithé jetés sé tij kontribuoi pér
pérgatitjen e brezave té téré té Inx-
hinieréve né fushén e Gjeologjisé,
Minierave dhe té Naftés.

Kontributi i tij né fushén akademike
konsistoi né mbrojtien me sukses
té dy gradave shkencore “Kandidat
i Shkencave” dhe “Doktor i Shken-
cave”, si dhe né fitimin e titujve ak-
ademiké respektivé, “Docent” dhe
“Profesor”.

Botoi njé numér tekstesh mésimore,
monografish shkencore, njé numri
té konsiderueshém artikujsh shken-
coré, né revista shkencore dhe pro-
fesionale, té vendit dhe té huaja,
mbajti njé numér té madh referatesh
e kumtesash shkencore, né kongrese
e konferenca, brenda dhe jashté ven-

dit, dhe mori pjesé e drejtoi shumé
projekteve shkencore, deri né fund té
jetés sé tij, madje edhe pas daljes né
pension.

Ai ka drejtuar me sukses dhe kon-
petencé akademike, shkencore dhe
profesionale Katedrén e Vendburi-
meve dhe, mé pas, Departamentin e
Gjeologjisé sé Zbatuar

Né vitet ndoshta mé té véshtira té
tranzicionit dhe ndérrimit té siste-
meve né Shqipéri, 1988-1992, ai ka
drejtuar Fakultetin e Gjeologjisé dhe
Minierave, si dekan i tij, ku u shqua
pér maturi, gjakftohtési, tolerancé,
mirékuptim, aftési organizative dhe
pjekuri.

Njé vepér e veganté, gé ishte njé ini-
ciativé térésisht personale dhe fryt i
punés sé tij té palodhur dhe pasion-
ante do té mbetet hartimi i “Histo-
rikut té Fakultetit té Gjeologjisé dhe
Minierave”, pér té cilén Prof. Andon
Grazhdani do té mbetet i paharruar
pér breza té téré ish studentésh dhe
kolegésh té tij.

Prof. Dr. Vasil Jorgji
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IN MEMORIAM

NE NDERIM E KUJTIM TE PROF. DR. FOTAQ DIAMANTI

Prof. Dr. Fotag Diamanti u nda nga
jeta né datén 2 Korrik, 2022. Ai lindi
né Libohové mé 07.09.1936. Pas stu-
dimeve né Politeknikumin e Tiranés,
punoi si teknik gjeolog né ndérmar-
rien e Vlorés deri né vitin 1958 kur
filloi studimet né Universitetin e Ti-
ranés né degén Gjeologji. Menjéheré
pas diplomimit né vitin 1962 punoi
né ndérmarrjen e Patosit e mé pas né
prej vitit 1969 deri né vitin 1998 ishte
pjesé e stafit té pedagogéve prané
Fakultetit Gjeologji — Miniera.

Gjaté angazhimit té tij né kété
fakultet mbajti postin e drejtuesit
té Katedrés sé Gjeologjisé sé Naftés
dhe Hidrogjeologjise (1976 — 1989),
té Pérgjegjésit té Seksionit té Gje-
ologjisé té Naftés dhe Gazit (1995 —
1998) dhe até té Dekanit té Fakultetit
té Gjeologjisé dhe Minierave (1996
—1997).

Fotag Diamanti ishte President i Kor-
poratés Shqiptare té Hidrokarbureve
(Albpetrol) né vitet 1994 — 1997.

Né vitin 1981 mbrojti disertacionin
pér gradén shkencore “Kandidat i
Shkencave” me teme: “Kompleksimi
i metodave né studimin e gjeokim-
isé sé léndés organike té formacionit
karbonatik té zonés Jonike” dhe fitoi.
Ne vitin 1983, mori titullin shkencor
“Docent”. Né vitin 1993, mbrojti dis-
ertacionin me temén “Potenciali hi-
drokarbur i Shqipérisé né konteksin
gjeologo-gjeokimik” pér titullin “Pro-
fesor”, té cilin e mori né vitin 1994.

Fotag Diamanti éshté autor dhe
bashkautor i disa teksteve universi-

tare té lidhura me gjeologjiné, gjeo-
kiminé pérhapjen dhe teknologjité e
shfrytézimit té vendburimeve té naf-
tés dhe gazit.

Krahas punés si pedagog ai éshté
pérfshiré né veprimtariné kérkimore
pér studimin e kushteve gjeologo —
gjeokimike té formimit té shtratime-
ve té naftés dhe gazit né zonén Jonike
(1981) dhe Kruja (1983), studim pér
pasurité hidrokarbure e minerale né
ujérat e Detit Adriatik dhe Jon (1985),
vlerésimi i rezervave prognoze té naf-
tés e gazit né territorin e Shqipérisé
(1989), pérgjithésimin gjeologo -
gjeokimik té rajonit Kostenjé-Oksh-
tun (1990) observacione paraprake
té suksesionit Neogjenik né Basenin
e Tiranés, zhvillimin e Industrisé sé
naftés né Shqipéri (1997) etj.
Rezultatet e studimeve té veta i ka
paragitur né 6 monografi, 22 raporte
e projekte, 32 artikuj shkencore bren-
da vendit dhe 5 botime jashté vendit.
Né kété kuadér ka gené pjesémarrés
me 26 referime shkencore né konfer-
enca e simpoziume shkencore.

Prof. Fotag Diamanti éshté dekoruar
me “Medaljen e Punés” (1957) dhe
“Urdhrin Naim Frashéri té klasit 11I”
(1981).

Edhe pas daljes né pension bise-
donte me admirim pér gjeologjiné
dhe naftén. Ishte njeri i rrallé né dije,
né komunikim dhe né respektin pér
kolegét dhe i tillé do té mbetet i pa-
harrueshém tek ta.

Prof. Dr. Afat SERJANI
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IN MEMORIAM

NE NDERIM E KUJTIM TE PROF. DR. KRISTAQ MUSKA

Kristag Muska, u lind mé 2 Mars 1958
né fshatin Goranxi té Gjirokastrés.
Studimet e larta i filloi pér shkencat
ekzakte né Fakultetin e Shkencave té
Natyrés, por né vitin e dyté u pérzg-
jodh pér njé bursé studimi né fushén
Gjeologji — Gjeokimi, né Universitetin
Paris-6 né Francé.

Né vitin 1986, pasi u diplomua né
kété degé u emérua né ING né Fier
si specialist gjeokimist né Kabinetin
e Hidrogjeokimisé dhe mé pas De-
partamentin e Mjedisit dhe Labora-
toréve, ku punoi deri né vitin 2002,
kur u emérua Drejtori i QKSHH, deri
né 31 Dhjetor 2006.

Né periudhén 1998-2002, vazhdoi
kualifikimin e posacém pér gradén
“Doktor Shkencash” né Universite-
tin Paris- 6 pér temén: “Termiciteti,
transferimi dhe diagjeneza e rezer-
vuaréve né njésité e jashtme té Al-
banideve”, njé problem me mjaft
interes pér té vazhduar studimin e
rezervuaréve naftégazmbajtés né
vendin toné, puné e filluar nga Pro-
fesor Tomi Kristo. Si specialist gjeo-
kimist, Kristaqi, ka njé kontribut té
shénuar né evidentimin e naftégazm-
bajtjes sé territorit perspektiv té ven-
dit toné, si bashkautor né pérgjithés-
imin e té dhénave té rilevimeve
gazore né disa njési me interes, né
studimin e perspektivés naftégazm-
bajtése té rajoneve Ardenicé, Div-
jaké, Kozan, Krasta-Cukal dhe Kruja,
vlerésimin gjeokimik té territoreve

Tirané — Ishém, Rodon dhe Papér —
Rové, Fortuzaj. Gjaté késaj periudhe,
gjaté viteve 1996 deri 2001, ka bash-
képunuar né njé projekt ndérkom-
bétar, udhéhequr nga té huajt, ku u
pérfshi edhe studimi i vendit toné.
Me periudha té caktuara, gjithashtu,
ka pasur bashképunime me Institutin
Francez té naftés (IFP).

Njéherésh, ka pasur rastin té aktivi-
zohet si profesor i jashtém né Univer-
sitetin Paris- 6, né procesin e semin-
areve dhe punéve praktike gjaté 18
muajve deri né vitin 2002, dhe qgé
nga u angazhua si lektor i jashtém
né Departamentin e Gjeologjisé sé
Aplikuar né grupin mésimor té Hidro-
karbureve né Iéndén “Gjeokimia e
Naftés” dhe me mbylljen e Qendrés
Kombétare Shkencore e Hidrokarbu-
reve, né shkurt té vitit 2007, u pranua
sipedagogibrendshém, lektor i Gjeo-
kimisé sé naftés. Gradualisht, u pérf-
shi né gjithé ciklin e leksioneve gé zh-
villoheshin né disa grupe mésimore
dhe diploma té Fakultetit té Gje-
ologjisé dhe Minierave dhe pas vitit
2010, ishte i vetmi lektor né gjithé
leksionet e fushés sé Gjeologjisé sé
Hidrokarbureve. Gjaté késaj periud-
he, déshmoi njé vullnet dhe pérkush-
tim té vecanté pér té pérvetésuar
gjithé disiplinat e gjeologjisé sé naf-
tés, né teori dhe praktike. Njékohé-
sisht, me até pérkushtim, pérjetoi
gradualisht dhe kontribuoi pothuaj
né gjithé hierarkiné e mundshme té
drejtimit né Fakultetin e Gjeologjisé,
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duke filluar nga grupi mésimor i hi-
drokarbureve, si pérgjegjés pér gje-
ologjiné e vendburimeve, né depar-
tament, né Késhillin e Profesoratit
etj. duke déshmuar pér korrektesé
dhe mirésjellje me kolegét.

Kristaqi, nuk i rreshti pérpjekjet pér
t’u kualifikuar si specialist jo vetém
né fushén e Gjeokimisé por edhe té
Gjeologjisé sé Naftés. Késhtu, pérveg
bashképunimit me projektet e huaja,
ai pati disa artikuj né revistat e ven-
dit dhe bashkautorési né referate
pér Konferencat Shkencore né vend
dhe té huaja. Ishte njé nga drejtuesit
e Konferencés Ndérkombétare “ILP”
né Dhjetor té vitit 2011, né Tirané
referues né Konferenca jashté ven-
dit. Gjaté késaj periudhe, ai pérktheu
dhe pérshtati libra pér Gjeokiminé e
Naftés dhe Sistemet Naftémbajtése.
Kéto, literatura, i krijuan mundésiné
té pérmirésojé programet e leksione-
ve pér studentét Bachelor dhe Mas-
ter por té realizojé edhe kualifikimin
e tij pér Titullin Profesor i Asociuar
dhe mé tej pér Profesor Doktor.
Kristaqi, ka gené edhe njé familjar
model. Ne, gé kemi gené mé afér
tij, kemi paré pérkushtimin e tij pér
mirégenien e familjes, bashkéshort-
es sé tij Linda, mjedisin né familje,
kujdesin e jashtézakonshém pér dy

fémijét vajzén dhe djalin, pérgatitjen
e tyre pér té arritur maksimumin né
shkollé e né jeté, duke u béré késhtu
njé nga prindérit e suksesshém edhe
né kushtet e ekonomisé sé tregut.
Vajza, e shkélgyer né Fakultetin e
Mijekésisé né Tirang, sot éshté mjeke
e preferuar né njé vend jashté Shqg-
ipérisé. Gjithashtu, njé kujdes té
vecanté i kushtoi djalit té tij, duke
e nxitur pér té arritur maksimumin
dhe sot, djali ka pérfunduar arsimin e
larté dhe jeton gjithashtu né njé shtet
té huaj. Ishte i veganté pérkushtimi i
Kristaqit né zhvendosjen e shpejté té
banimit nga qyteti i Fierit né Tirang,
duke kryer pothuaj veté té gjitha pér-
shtatjet né shtépiné e re.

Kristaqi, u nda shumé shpejt nga jeta
dhe kjo ishte njé ngjarje e papritur jo
vetém pér ne kolegét e tij, gjeologé
nafte, naftétaré, pedagogeé dhe stu-
denté té Fakultetit, por sidomos pér
familjen e tij té dashur, Lindén, Eife-
Ién dhe Tomin. Kristagi i kujdesshém,
i dashur dhe i mirésjellshém do t'i
mungojé shumé familjes dhe miqve
dhe kolegéve, té aférmeve té ftij,
véllezér e motra, vegse ai ishte di-
kush gé do té léré té gjallé né kujti-
met tona té gjithé punén e tij, dhe
vepron e tij té jetuar e té shkruar.

Prof. Dr. Vasil Jorgji






