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(Doréshkrim i dorézuar né gusht 2025; i pranuar pér botim né néntor 2025)

Abstrakt. Ky artikull synon vlerésimin e pasojave té ndryshimeve klimatike né proge-
set hidrokimike dhe regjimin e ujérave néntokésore té ekosistemit ujor Ohér — Prespé
népérmjet studimit té vecorive fiziko-kimike té ujérave sipérfagésoré dhe néntokésore.
Vargmali Mali i Thaté — Galigicé, i ndértuar nga gélgérore triasiko-jurasike, pérmban ne
vetvete forma karstike gé mundesojné Iévizjen e ujérave néntokesore drejt ligenit Ohér
dhe daljen e tyre né trajté burimesh. Vecorité hidrokimike i klasifikojné ujérat ekosiste-
mit Ohér-Prespé né tipin Ca-HCO, dhe Ca-Mg-HCO,, me burim mé té forté pérkatésisht
nga karsti dhe ligeni Prespa e Madhe. Ujérat e tipit Ca-HCO, dallohen pér vlera mé té
uléta té Minéralizimit té Pérgjithshém (MP<300mg/l), ndersa ujérat e tipit Ca-Mg-HO,
dallohen pérvlera mé té larta té Minéralizimit té Pérgjithshém (MP>300mg/|). Vlerésimi
sasior i kontributit té karstit dhe ligenit Prespa e Madhe né ujin e burimeve qé dalin né
bregun e ligenit Ohér, e kryer pérmes ekuacionit té bilancit té masés té fraksioneve ujore
té pérziera dhe bilancit kimik té pérmbajtjes sé klorureve né ujé, tregoi qé, né stinen e
pranverés, burimet Elshan, Kufi dhe Biljana ushgéhen né masén mbi 50% nga uji i karstit,
ndérsa né até té vjéshtés, edhe burimet Tushemisht, Gurras dhe Shén Naum ushgehen
né mbi 50% nga karsti. Kjo gjetje, gé konfirmohet nga ulja e ndjeshme e silicés né ujin
e burimeve té kampionuar né vjeshté, tregon qgé me rénien e nivelit té ujit né ligenin
Prespa e Madhe, pesha specifike né ushgimin e burimeve dhe té veté ligenit Ohér i kalon
karstit.

Fjalé kyge: Burime karstike, ujéra néntokésoré, ndryshime klimatike, Ligeni Prespa e
Madhe, Ohér.

HYRJA

Ujérat néntokésore pérbéjné njé réndésishme e ujérave néntokésore

burim jetik pér jetén né Tokg, pasi ato
jané depozita mé e madhe e ujit té
freskét né gjendje té [éngét né planetin
toné (Fettér 2001). Van Engelenburg
et al. (2018) kané evidentuar ndikimin
e ndryshimeve klimatike né nivelet e
ujérave néntokésore, ndérsa Taylor
et al. (2013) treguan se ndryshimet
klimatike globale kané potencialin
té ndikojné né sasiné dhe cilésiné
e ujérave néntokésore. Njé pjesé e

1IGJEO, 2FGIM, Tirané
arjan.beqgiraj@fgjm.edu.al

jané ujérat karstiké té cilét lidhen me
shkembinjté e tretshém, si gélgérorét
dhe evaporitet. Shkémbinjté karstiké
pérbéjné 24 % té territorit té
Shqipérisé nga té cilét 6,500 km? jané
shkémbinj karbonatiké té Triasikut —
Jurasikut — Kretakut dhe Paleocen —
Eocenit, ndersa 260 km? pérbéhen nga
evaporité té Permo — Triasikut (Eftimi
2019).
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Né juglindje té Shqipérisé, pérgjaté
kufirit me Magédoniné e Veriut dhe
Greqiné, ndodhen ligenet e Prespés
dhe Ohrit, té cilét formojné njé sistem
hidrologjik té ndérlidhur, gé éshté
nén presionin e vazhdueshém té
ndryshimeve klimatike. Pér studimin
e ndikimit té kétyre ndryshimeve
klimatike, jané kryer studime té
ndryshme qgé kané pasur si objekt
rénien e nivelit té ujit né ligenin Prespa
e Madhe, lidhjen hidraulike midis
Ligenit Prespa e Madhe dhe Ohér,
kontributin e ujit té Ligenit Prespa e
Madhe né ujédhénien e burimeve gé
dalin pergjaté bregut té ligenit Ohér,
ndryshimet klimatike dhe ndikimet
e tyre né hidrologjiné e sistemit ujor
Prespé Ohér (Popovska & Bonacci
2007; Leng et al. 2023; Schriek &
Giannakopoulos 2017). Humbjet e ujit
nga ligeni Prespa e Madhe i detyrohen

kryesisht avullimit nga sipérfagja
e ligenit dhe drenimit népérmjet
kanaleve néntokésore karstik né

Ligenin e Ohrit (Eftimi 2019).

Cvijic (1906) hodhi pér heré té paré
idené e shkarkimit té ujérave té
Ligenit Prespa e Madhe né Ligenin
Ohér, ndérsa kohét e fundit kjo ide
éshté konfirmuar pérmes pérdorimit
té metodave té gjurmuesve natyralé
(Eftimi et al. 2021) dhe artificialé
(Popov et al. 2009). Ky studim, pérmes
njé kampionmarrje pérfagésuese qé
shtrihet né dy stiné (pranveré, vjeshté)
synon té hedh drité mbi origjinén e
ujérave té burimeve, mekanizmat e
rimbushjes sé rezervave néntokésore,
ndikimin e ndryshimeve klimatike né
ciklin hidrologjik, si dhe té vlerésohen
risget pér burimet e géndrueshme té
ujit né té ardhmen.

NDERTIMI GJEOLOGIJIK

Zona e studimit

Rajoni Ohér — Prespé pérfagéson
pellgun mé té vjetér té ujérave té
brendshme né Evropé dhe ndér
mé té vjetrit né boté, qé daton qé
nga Plioceni, 3 — 5 milion vjet mé
paré (Krstic 2012). Zona né studim
pérfshin sistemin karstik té ligeneve
ndérkufitaré Prespa e Vogél, Prespa e
Madhe dhe Ohér (Krstic 2012), té cilet
pérbéjné njé sistém té pérbashkét
hidraulik (Eftimi 2019). Ligenet Prespa
e Madhe dhe Prespa e Vogél jané
zonat mé té thella té njé pellgu té
brendshem malor, i cili nuk ka dalje
natyrore té ujit né sipérfage. Lidhja
hidraulike midis tyre sigurohet vetém
me ané té rrjedhjeve néntokésore
népérmjet té cilave uji i Ligenit Prespa
e Madhe (aférsisht 849 m mbi nivelin
e detit) drenon drejt peréndimit né
Ligenin e Ohrit, aférsisht 150 metra
mé ulét (Krstic 2012). Prespa e Vogél
dhe Prespa e Madhe jané té ndara nga
njé rrip tokésor me formime aluviale
(istmus).

Né vitin 1969, nga shteti Grek éshté
ndértuar njé digé qé kontrollon
rrjedhjen e ujit nga Prespa e Vogél
né Prespa e Madhe. Ligenet Prespa e
Vogél, Prespa e Madhe dhe Ohér kané
pérkatésisht sipérfage 47.4, 274, dhe
348 km?, dhe thellési maksimale 8, 54
dhe 288m (Eftimi et al. 1985).

Rajoni Ohér — Prespé pérfshin
shkémbinj metamorfike paleozoiké
deri té shkémbinjté sedimentaré té
Neogjenit dhe Kuaternarit (Micevski
2000). Né vecanti, vargmali Mali
i Thaté — Galigicé éshté ndértuar
kryesisht nga shkémbinj gélqéroré
masivé, té Triasikut té Sipérm -
Jurasikut té Poshtém, dhe mé pak
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nga gélgéroré té Kretakut té Sipérm.
Sipas Vranai et al. (1997) and Xhomo
et al. (2002) trashésia e pérgjithshme
e depozitmeve karbonatike Triasiko
— Jurasike arrin rreth 1,000 - 1,200
m. Dalje té vogla té konglomeratéve
gélgeroré té Eocenit zhvillohen
kryesisht né pjesén jugore té zonés
(Eftimi & Zoto 1997).

Relievi i Malit té  Galigicés
karakterizohet kryesisht nga zhvillimi
i formave karstike, té ftilla si gropa
karstike dhe fusha té sheshta karstike
(Micevski 2000). Fundi i Ligenit té
Prespés éshté kryesisht i mbuluar
nga depozitime té epokés sé Pliocenit
té pérfagésuara nga argjila, ranoré
dhe konglomeraté qé zbulohen edhe
pérgjaté anés sé ligenit (Eftimi & Zoto
1997). Zona e studimit éshté pjesé e
zonés sé brendshme té rrudhosjes
alpine e cila ka pérjetuar progese
té konsiderueshme tektonike gjaté
intervalit kohor Pliocen — Kuaternar
(Mece & Aliaj 2000; Melo 2001;
Témovski 2016), té ftilla si ngritja
e forté dhe progresive gé c¢oi né
formimin e horstit Mali Thaté -
Galigicé, ndersa né té dy anét e ftij
shtrihen grabené té médhen] té
pérfagésuara nga Ligeni i Prespés né
lindje, dhe Ligeni i Ohrit dhe Fusha e
Kor¢és né peréndim. Pellgu i Ligenit
té Ohrit ndodhet né kontaktin midis
Zonés Ofiolité té Mirdités dhe Zonés
sé Korabit, kontakti midis té cilave
verehet né jug té Gadishullit té Linit
dhe né bregun peréndimor té ligenit.
Zona e Korabit né kété rajon pérbéhet
kryesisht nga shkémbinj paleozoiké
metamorfik dhe magmatiké, té cilét
ndertojné njé strukturé antiklinale né
zonén midis ligeneve té Prespés dhe
Ohrit (Hoffmann et al. 2012).

Hidrogjeologjia

Né juglindje té Shqipérisé, né kufi me
Magedoniné e Veriut dhe Greqing,
ligenet e Prespés dhe Ohrit pérbéjné
njé sistem té pérbashkét hidraulik
(Eftimi 2019). Daljet e ujit nga ligeni
Prespa e Madhe i detyrohen kryesisht
inflitrimeve néntokésore karstike drejt
Ligenit té Ohrit (Eftimi 2019) dhe, né
njé shkallé mé té ulét, avullimit nga
sipérfaqgja ujore e ligenit dhe pompimit
té ujit pér nevoja té komunitetit qé
banon buzé ligenit (Begiraj 2018).
Né anén peréndimore té vargmalit
Galicicé/Mali i Thaté dalin burime té
shumta karstike té cilét shkarkohen
né Ligenin e Ohrit. Burimet gé dalin
né lartési hipsometrike mbi pasqyren
e ujit né Ligenin Prespa e Madhe,
i detyrohen plotésisht ujit karstik
gé ushgehet direkt nga reshjet qé
bien né majat e maleve. Me anén e
gjurmueséve éshté zbuluar se burimet
e Tushemishtit (2.5 m3/s) né Shqipéri
dhe Shén Naumit (7.5 m3/s) né
Magedoni ushgehen pjesérisht nga
Ligeni Prespa e Madhe (Matzinger et
al. 2006).

Qé né fillim té shekullit XX, gjeografi
Jovan Cviji¢ dha njé pérshkrim té
detajuar té fenomenéve karstike né
zonén e ligeneve té Prespés dhe Ohrit
dhe formuloi hipotezén e ushgimit
té burimeve té Shén Naumit dhe
Tushemishtit nga Ligeni i Prespés (Cvijic
1906). Fenomeni mé i réndésishém
karstik i zonés éshté ujéthithésiiZaverit,
gé ndodhet né bregun peréndimor
té ligenit té Prespés midis fshatrave
Goricé e Vogél dhe Gollombog¢ (né
territorin shqiptar), ku uji i Ligenit té
Prespés zhduket pér t'u rishfaqur né
burimet e médha karstike pérgjaté
bregut té ligenit té Ohrit (Eftimi el
al.1985; Eftimi 2019).
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Hidrologjia

Rajoni i Prespés dhe Ohrit ndodhet
né zonén e tranzicionit midis klimave
mesdhetare dhe kontinentale, me
veré té ngrohté dhe té thaté dhe
dimra mjaft té ftohté dhe té lagésht
(Schriek & Giannakopoulos 2017).
Zona e Prespés pérfshin ligenet
Prespa e Vogél dhe Prespa e Madhe,
dhe pérrenj té tipit malor, me rrjedhje
té pérhershme ose sezonale, pérgjaté
shpateve té pjerréta dhe me bimési
(Krstic 2012), té cilét derdhen né
té dy ligenet. Né anén shqiptare té
pellgut nuk identifikohen rrjedhje
sipérfaqésore gé kontribuojné
drejtpérdrejt né furnizimin e Ligenit
té Prespés sé Vogél. Njé vecori e
réndésishme hidrologjike e Ligenit
Prespa e Madhe éshté mungesa e
daljeve sipérfagésore natyrore dhe
gati gjysma e shkarkimit té ujit behet
pérmes akuiferit karstik dhe del né
peréndim né formen e burimeve, té
cilat derdhen né Ligenin e Ohrit (Cvijic
1906). Relievi bashké me aktivitetin
tektonik ende aktiv, kané pércaktuar
njé gradient shumé té larté (0.0159
0sé 1.59%) hidraulik té ujit gé kullon
shumé shpejt né masivin karstik
(Micevski 2002).

Aktiviteti njerézor ka modifikuar
konsiderueshém hidrologjiné e zonés:

devijimiipérroitté Agios Germanos (né
Greqi) nga Prespa e Vogél né Prespé té
Madhe né vitin 1936, devijimi i lumit
Devoll (né Shqipéri) dhe shkarkimi i
tij né Ligenin Prespa e Vogél né mesin
e viteve 1970. Pérpara viteve 1970,
proceset e erozionit dhe depozitimit
formuan njé istmus aluvial midis
Ligenit Prespa e Vogél dhe Prespa e
Madhe té cilat pésuan ndryshime té
njékohéshme né véllim dhe sipérfage.
Né vitet 1969/70, lidhja midis Prespés
sé Vogél dhe Prespés sé Madhe u
transformua mé tej duke shtuar njé
digé né fshatin Mileonas (Greqi), dhe
dy ligenet u lidhén pérmes njé kanali
betoni me njé koké hidraulike prej 3 m
(Hollis & Stévenson 1997).

Niveli i ujit né Ligenin Prespa e Madhe
luhatet pérmes stinéve dhe pérgjaté
viteve. Niveli maksimal historik i
regjistruar né ligenin e Prespés sé
Madhe éshté né vitin 1993 prej 852.91
m. Né vitet 2002 — 2005 ligeni arriti
nivelin prej rreth 844.5 m mbi nivelin e
detit, nivel gé pérfagéson nivelin mé té
ulet historik (Eftimi 2019). Né tabelen
1 jepet niveli i ujit né Ligenin Prespa
e Madhe gjaté vitit 2024 (té dhena té
mara nga Instituti i Gjeoshkencave,
2024), ku shihet garté gé kemi njé
ulje né krahasim me nivelin historik
minimal pér keté ligen.

Tabela 1 — Vlerat mesatare mujore dhe vjetore e nivelit té ujit (m) né Ligenin Prespa e
Madhe, pér vitin 2024 (Instituti i Gjeoshkencave, 2024).
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METODOLOGIJIA

Pér té kuptuar mé miré dinamikén
hidrologjike dhe ndikimin e
ndryshimeve klimatike né sistemin
hidrologjik té ligeneve Prespa
e Madhe — Ohér, u realizua njé
kampionmarrje pérfagésuese (Fig. 1),
né kohé dhe né hapésiré. Né aspektin
hapésinor, u kampionuan gjithé
komponentét kryesoré hidrologjiké:
(1) ligenet Prespa e Madhe dhe Ohér
dhe (2) burimet karstike gé dalin
né anén peréndimore té vargmalit
“Mali i Thaté — Galigicé”. Kampionimi

sezonal ka pér géllim té evidentojé
ndryshimet modeste né karakteristikat
fiziko-kimike té ujit. Kampionimi
i gjithe tipeve té pikave ujore, ka
mundésuar ndértimin e njé profili té
zgjeruar té variabilitetit hapésinor
té  karakteristikave  hidrokimike.
Pikat ujore jané pércaktuar
népérmjet njé analize té thelluar té
hartave topografike, hidrologjike,
hidrogjeologjike dhe njohuri té thella
té ekosistemit. Mostrat u morén né
shishe plastike me véllim 1.5 |, té
shpélara mé paré me ujin pérkatés té
kampionimit.

Liq. Ohrit

1 - Lin-Ohér;

2 - B. Biljana;

3 - B. Elshan;

4 - B. Lubanisht;

5-B. Shén Naum;

6 - B. Kufi;

7 - Tushemisht-Ohér;

8 - B. Tushemisht;

9 - B. Gurras;

10 - Goricé e Vogél-Prespa
e Madhe;

11 - B. Pojan;

12 - B. Prrenjas;

Lig. Prespa e
Madhe

13 - Pustec-Prespa e Madhe;
14 - Pusi GM_2018;

15 - B. Zvezde;

16 - B. Shéngjergj;

17 - B. Alarup.

Figura 1. Vendodhjet e pikave ujore té kampionuara né hartén Google.

11



Bul. Shk. Gjeol. (Nr. 1/2025)

Stafa B., Begiraj A.

Pér njé vlerésim sasior té shkalles sé
pérzierjes té ujit té karstit me ujin
e ligenit Prespa e Madhe né ujin e
burimeve, u pérdor modeli i pérzierjes
me dy komponenté i cili konsiston né
zgjidhjen e sistemit me dy ekuacione,
ku ekuacioni i pare éshté bilanci i
masés té fraksioneve ujoré té pérziera,
ndérsa ekuacioni i dyté éshté bilanci
kimik i pérmbajtjes sé klorureve né ujé
(Herczeg & Edmunds 2000).

f+f=f=1
Cl *f + Cl*f = Cl_*f,
ku:

- f dhef jané pérkatésisht fraksionet
ujore té karstit dhe ligenit né ujin e
burimeve f,

- Cl, Cl dhe CI jané respektivisht
pérmbaijtjet e klorureve né ujin e
karstit, ligenit dhe burimeve

REZULTATET DHE DISKUTIMI

Té dhénat e analizave fiziko — kimike
té ujérave té Ligenit té Ohrit dhe té
Prespés si dhe té burimeve karstike né
peréndim té malit té Thaté- Galicicé
(Tabs.2 & 3) jané pérpunuar népérmjet
programit AquaChem. Me anén e
diagramave Pipér dhe Schoeller jané
vizualizuar karakteristikat hidrokimike
dhe jané krahasuar tiparet kryesore
té pérbérjes kimike té ujérave té
kampionuar. Kjo gasje ka mundésuar
njé analizé té thelluar té gjendjes
kimike té ujérave dhe marrédhénieve
midis burimeve té ndryshme ujore né
rajon. Eftimi et al. (2021) kané dalluar
vetém tipin hidrokimik Ca-HCO, dhe
e kané argumentuar me dominimin
né zonén e studimit e shkémbinjve

12

karbonatike — gélgerore, ndérsa né
diagramat Piper (Fig. 2) dhe Scholler
(Fig. 3) vérehet garté prania e dy tipeve
hidrokimike té ujit: Ca-HCO, (rrathe té
kug) dhe Ca-Mg-HCO, (trekendesha
blu).

Nétipin hidrokimik Ca-HCO, pérfshihen
ujérat e burimeve Biljana, Tushemisht,
Shéngjergj, Pusi GM_2028, Elshan
dhe Alarup (keta dy té fundit me dalje
mbi kuotén maksimale té pasqyres sé
ligenit Prespa e Madhe), ndersa né
tipin Ca-Mg-HCO, pérfshihen ujérat
e ligenit Prespa e Madhe dhe Ohér,
e burimeve Gurras, Sh. Naum, Pojan,
Pérrenjas, Lubanisht, Zvezde (Figs. 2 &
3).

Uji i burimit Kufi éshté i tipit
hidrokimik Ca-HCO, né provemarrjen
e muajit Qershor dhe i tipit Ca-Mg-
HCO, né provemarrjen e muajit Tetor.
Kiri (2021) dallon gjithashtu dy tipe
hidrokimike té ujérave té burimeve,
por né dallim me gjetjet e ketij studimi
éshté pérkatésia né tipin Ca-HCO, e
ujit té ligenit Prespa e Madhe. Ujérat
e tipit Ca-HCO, kané pérgjithésisht
vlera mé té uléta té Mineralizimit
té Pérgjithshém (MP<300mg/l) dhe
variojné né kufij té ngushté (o, =
16.74mg/l) gé tregojné pérkatésisht
pér kohén e kontaktit ujé-shkémb mé
té shkurtér dhe qarkullim té ujérave
néntokésore né mjedis litologjikisht
“homogjen” — gélgerore.

Nga ana tjetér, ujérat e tipit Ca-Mg-
HCO, dallohen pér vlera me té larta
té Mineralizimit té Pérgjithshem
(MP>300mg/l) gé variojné né kufije
té gjere (o,, = 110.39mg/l), cka
pasqyrohet né njé variacion mé té
dukshém té pérmbaijtjes sé kationéve
dhe anioneve kryesore (Figs. 2 & 3).
Pérjashtim bén pusi GH_2018 i shpuar
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me thellési nén kuotén e drenimit té
ujérave néntokesore né ligenin e Ohrit
(Begiraj 2018).

Ndryshimi né pérbérjen kimike
té ujérave midis burimeve éshté
evidentuar edhe nga Eftimi et al.
(2021), por bén pérshtypje gé ujérat

kuota mbi nivelin e ujit né ligenin
Prespa e Madhe si burimi i Pojanit
(Z=950m), i Alarupit (Z=1070m) dhe
i Zvezdes (Z=856m). Né kontrast me
variacionin hapesinor né pérberjen
kimike té ujérave té burimeve, nuk
verehet ndonjé ndryshim i ndjeshém
né pérberjen kimike té ujérave té

me MP me t& larté (Tabs. 1 & 2) ampionuar né Qershor dhe Tetor,
u pérkasin burimeve qé dalin né 4.
Piper - Qershor 2024 Piper - Tetor 2024
g % ¥ %
/ \
o/ ®s, 9@/ ¢
8/ 3 ¢/ s
4 A 4 X
«.°°// \"i & ®
s/u p e Ve
\E \ /
K \\ / s’@x $¢ \\‘ / %
! / 4
7%\ /o 7/ Ye N / oy
I O\ A"”/ % 3 o2 ) /8 \% Y
AN 1 % /&

i \/./ \ \/./ )
Lt e V § &, $/A a} \% \/ s/ \e
755 Ny o \ o 77
%oo‘ ®0 @0 400 200 \o\?c ég.o‘ @0 o _we W W mn‘ LG i fn‘ 2 n @ & 8w 0

a c Ca cl

Figura 2. Diagrama Piper e pérberjes kimike té ujérave té rajonit Prespa e Madhe —
Ohér (bojégjelli: ligeni Prespa e Madhe, ligeni Ohér, Gurras, Sh. Naum, Pojan, Prrenjas,
Lubanisht, Zvezde; rrathet e kuge: Biljana, Elshan, Tushemisht, Pusi GM_2028,
Shengjergj, Alarup; Burimi Kufi ka pérkatési té dyfishte).
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Kjogéndrueshmerinékohe e pérbérjes
kimike e ujérave té burimeve éshté
shpjeguar me ushgimin e burimeve
nga njé pellg ujérash néntokésore
jashtézakonisht i madh (Jordanovska
et al. 2010), ose me progeset e
pérzierjes té ujérave té karstit me
ujin e ligenit Prespa e Madhe (Eftimi
et al. 2021). Nga figura 3 del se nga
ana sasiore ujérat e burimeve qé
dalin né anén pérendimore té masivit
karbonatik Mali i Thaté — Galigicé, jané

njé pérzierje, né raporté té ndryshme,
e ujit té karstit me ujin e ligenit Prespa
e Madhe. Ujérat e tipit Ca-HCO, jané
té lidhur kryesisht me reshjet — karstin
dhe paragesin variacion té ngushté né
pérberje, ndérsa ujérat e tipit Ca-Mg-
HCO, tregojné pér njé kontribut mé
té ndjeshem té ujit té ligenit Prespa
e Madhe kundrejt ujit té karstit dhe
shfagin dukshém variacion mé té gjeré
té Mg, K, Na dhe SiO2 (Fig. 3).

Qershor, 2024
1000

Ca- Mg - HCO3

Permbajtja (mg/l)

Mg Ca Na cl S04  HCO3

Tetor, 2024
1000

Ca- Mg - HCO3

o
=1

Permbajtja (mg/l)

=
Z
7|

Qershor, 2024
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i Ca-HCO3
100 | /
=
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2 |
= 1 —
3 1 — i
y e
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<
ol ! ! . !
Mg Ca Na cl S04 HCO3
Tetor, 2024
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- ]
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=
=
@
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-
E\
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g 4,
b \» —%
b, E—
o 4
o
d
1 ! | ! ! ! !
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Figura 3. Diagrama Scholler e pérbérjes kimike té ujérave té rajonit
Prespa e Madhe — Ohér (pikat figurative si né Fig. 2).

Kloruretjané specie kimike inerté (jone
konservative) né ujérat néntokésore
(Herczeg & Edmunds 2000) prandaj
mund té pérdoren si gjurmues pér
té kuptuar ritmet e ngarkimit dhe
pérzierjen midis ujérave. Pér me tépér,
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kloruret kané lévizshméri té larté né
ujé, té ngjashme me até té molekulave
té ujit (Hill 1984) dhe nuk jané té
angazhuar né reaksionet e zakonshme
kimike gé ndodhin né ujin néntokésor
(Leibundgut et al. 2009). Pér me tépér,
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njé specie kimike si kloruret ndikohet
vetém nga avullimi prané sipérfages
sé tokés dhe éshté i vlefshém sepse
integrohet né shkallé té gjata kohore
(Cook & Herczeg 2000).

Si pérfagésues i ujit té karstit u zgjodh
burimi i Biljanés sepse ndodhet rreth
12km né veri té ekstremit verior té
Ligenit Prespa e Madhe, pra éshté
jashté ndikimit t& mundshem té tij,
cka duket né pérmbajtjen me té ulet
té klorureve dhe magnezit (Tabs.
2 & 3). Né provémarrjen e muajit
Qershor (Tab. 4) shihet qarté gé
burimet Elshan, Kufi dhe veté Biljana
ushgehen né masén mbi 50% nga uji i
karstit, ndersa tre burimet e tjeré nga
uji i ligenit Prespa e Madhe. Gjetje
interesante éshté g€, né provemarrjen
e muajit Tetor, kontributi i ujit té karstit
né té gjashté burimet éshté dukshém
né masén mbi 50%. Kjo provémarrje
u krye pas njé périudhe kohore rreth
3 muaj pa reshje, gé shogérohet
me rénien e ndjeshme té nivelit té
ujit né ligenin Prespa e Madhe dhe
daljen mbi ujé té disa carjeve karstike

ujéthithése (psh, Zaveri), té cilat
nuk mund té pércjellin ujé nga ligeni
Prespa e Madhe drejt burimeve té
Ohrit. Rezultatet e mésipérme té
kontributit té ujit té karstit dhe Ligenit
Prespa e Madhe né ujin e burimeve
gé dalin buzé ligenit te Obhrit, jané
té aférta me rezultatet e modelit té
pérzierjes me dy komponenté, sipas
pérbérjes izotopike té O-18 dhe H-2
né ujé (Eftimi et al. 2021).

Nga ana e pérbérjes kimike té ujit té
burimeve, kjo mbéshtetet me rénien e
pérmbaijtjes sé Mg (Tab. 2) dhe silices
(Tab. 4, Fig. 4) né ujérat e marra né
muajin Tetor. Burimi i silices né ujin e
burimeve nuk mund té jeté nga karsti,
ndérsa prania e tij ne ujin e ligenit
Prespa e Madhe lidhet me proceset
e tjetérsimit te mineraleve silikate
te shkémbinjve metamorfike @é
perhapen né lindje dhe veri te ligenit.
Prandaj me rénien e kontributit té ujit
té ligenit Prespa e Madhe, bie edhe
pérmbajtja e silices sé tretshme né
ujin e burimeve.

Tabela 4 — Kontributi né % i ujit té ligenit Prespa e Madhe (f) dhe ujit té karstit (f,) né
ujin e burimeve (sipas pérmbaijtjes e klorureve né ujé).

Koha e mostrimit Qershor, 2024 Tetor, 2024

Fraksioni ujor (%) f, f, f, £,
Elshan 20 80 14 86
Sh.Naum 58 42 36 64
Kufi 40 60 36 64
Tushemisht 55 45 47 53
Gurras 58 42 45 55
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Figura 4. Variacioni i pérmbajtjes sé SiO2 né ujérat néntokesore té disa burimeve,
pér mostrat e marra né Qershor dhe Tetor, 2024.

PERFUNDIME

Rajoni Ohér — Prespé pérfagéson njé
ekosistem ujor me interes nga ana
hidrologjike — hidrogjeologjike, ku
pasojat e ndryshimeve klimatike jané
té ndjeshme, vecanérisht né rénien
e nivelit té ujit né Ligenin Prespa e
Madhe, i cili arriti né Néntor 2024
nivelin me té ulét historik prej 844.01
m. Gélgerorét Triasiko - Jurasike
ndértojné vargmalin Mali i Thaté-
Galigicé, shistet paleozoike zhvillohen
kryesisht né lindje dhe veri té ligenit
Prespa e Madhe, ndersa shkémbinjté
ultrabazike dalin né peréndim e
veriperéndim té ligenit Ohér.

Ujérat e kampionuar i pérkasin dy
tipeve hidrokimike té ujit: Ca-HCO,
(mbizotérim i komponentit karstik)
dhe Ca-Mg-HCO, té cilat jané kryesisht
té lidhura me ligenin Prespa e Madhe.
Pérdorimi i klorureve pér vlerésimin
sasior té shkallés sé pérzierjes té ujit
té karstit me ujin e ligenit Prespa e
Madhe né ujin e burimeve tregoi qg,
né stinen e pranverés, burimet Elshan,
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Kufi dhe Biljana ushgehen né masén
mbi 50% nga uji i karstit, ndérsa né até
té vjeshtés, edhe burimet Tushemisht,
Gurras dhe Shén Naum ushgehen né
mbi 50% nga karsti.

Pérmbajtja e silices (element kimik
jo-karstik) né ujin e burimeve
ulet ndjeshém né muajin Tetor
kundrejt muajit Qershor, ndérkohé
gé rritet né ujin e ligenit Prespa e
Madhe, rikonfirmon mbizotérimin e
komponentit karstik kundrejt Ligenit
Prespa e Madhe né ushgimin e
burimeve né périudhat e tejzgjatura
pa reshje.

Falénderime. Ky studim pérbén njé
komponent té réndésishém té tezés
sé doktoraturés sé autores, e cila po
zhvillohet né Fakultetin e Gjeologjisé
dhe Minierave, prané Departamentit
té Shkencave té Tokés, Tirané, Shqipéri.
Shpreh mirénjohjen dhe falenderim
ndaj Drejtorit té IGJEO-sé Prof. Dr. Ylber
Muceku dhe Shefit té Departamentit
té Gjeologjisé Prof. Dr. lbrahim Milushi
pér mbéshtetjen e tyre profesionale,
si dhe pér vénien né dispozicion té té
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dhénave té domosdoshme pér realizimin
e kétij studimi. Gjithashtu, njé falénderim
i vecanté é&shté pér kolegen time
hidrogjeologen Dr. Emanuela Kiri, pér
bashképunimin dhe ndihmén e dhéné

gjaté punés né terren dhe diskutimet
shkencore pérgjaté progesit kérkimor.
Gjithashtu, falénderojmé ekspertin i
jashtém pér sugjerimet e bera lidhur me
korrigjimit e kétij artikullit.
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Abstract. This paper aims to evaluate the effects of climate changes on the hydrochemical
processes and groundwater regime of the Ohrid — Prespa aquatic ecosystem through the
study of the physico — chemical characteristics of surface and groundwater. The Mali i
Thaté — Galicica mountain range, composed of Triassic — Jurassic limestone, contains
karst voids that enable the movement of groundwater toward Lake Ohrid and its
discharge in the form of springs. The hydrochemical characteristics classify the waters
of the Ohrid — Prespa ecosystem into the Ca-HCO; and Ca-Mg-HCOs types, having closer
relations with the karst and Lake Great Prespa, respectively. Waters of the Ca-HCO; type
are characterised by lower Total Dissolved Solid (TDS) values (TDS < 300 mg/l), relative
to the Ca-Mg-HCO; waters which have TDS values (TDS > 300 mg/l). The quantitative
assessment of the the karst and Lake Great Prespa contribution to water of the springs
that discharge along the shore of Lake Ohrid, carried out by using the mass balance
equation of mixed water fractions and the chemical balance of chloride content in the
water, indicated that, during the spring season, the Elshan, Kufi, and Biljana springs are
mostly recharged (> 50%) by the karst water, whereas in the autumn, the Tushemisht,
Gurras, and St. Naum springs are also recharged by more than 50% by the karst water.
This finding, confirmed by the significant decrease in silica content in the sampled spring
waters during autumn, indicates that as the water level in Lake Great Prespa declines, the
specific contribution of karst to the springs discharge and Lake Ohrid balance, increases.

Keywords: Karst springs, groundwater, climate change, lake, Lake Great Prespa, Ohrid.
INTRODUCTION

Groundwater constitutes a vital Wwhich is associated with soluble rocks

resource for sustaining life on Earth,
as it represents the largest reservoir
of the fresh liquid water on the planet
(Fetter 2001). Van Engelenburg et
al. (2018) highlighted the influence
of climate change on groundwater
levels, whereas Taylor et al. (2013)
demonstrated that global climate
change has the potential to affect
both the quantity and quality of
groundwater resources. A significant
portion of these resources s
represented by karst groundwater,

such as limestone and evaporite. Karst
formations cover approximately 24%
of Albania’s territory, of which 6,500
km? consist of Triassic — Jurassic —
Cretaceous and Paleocene — Eocene
carbonate rocks, while 260 km?
are composed of Permo — Triassic
evaporites (Eftimi 2019).

Lakes Great Prespa and Ohrid, located
on the border between Southeastern
Albania, North Macedonia and Greece,
form an hydrologicaly connected

!IGJEO, *FGIM, Tirané
arjan.beqiraj@fgjm.edu.al
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system which is under continuous
pressure of the climate changes.
Numerous studies have investigated
the impacts of these changes,
focusing on the decline in water level
in Lake Great Prespa, the hydraulic
connectivity between Lakes Great
Prespa and Ohrid, the contribution
of Great Prespa water to the springs
discharging along the shores of Lake
Ohrid, and the broader implications
of climate change for the hydrology
of the Prespa — Ohrid aquatic system
(Popovska & Bonacci 2007; Leng et
al. 2023; Schriek & Giannakopoulos
2017).

Water losses from Lake Great Prespa
are primarily attributed to evaporation
from the lake surface and subsurface
drainage through karst conduits
toward Lake Ohrid (Eftimi 2019). The
hypothesis of subsurface outflow
from Great Prespa to Lake Ohrid was
first proposed by Cviji¢ (1906), and has
more recently been confirmed through
the use of natural tracers (Eftimi et al.
2021) and artificial tracers (Popov et
al. 2009). The present study, based on
a representative sampling campaign
conducted across two seasons (spring
and autumn), aims to highlight the
origin of spring waters, identify the
mechanisms governing groundwater
recharge, assess the influence of
climate change on the hydrological
cycle, and evaluate potential risks
to the sustainability of future water
resources.

GEOLOGICAL SETTING
Study Area

The Ohrid — Prespa region represents
the oldest inland water basin in
Europe and among the oldest in the
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world, dating back to the Pliocene,
approximately 3 — 5 million years ago
(Krsti¢ 2012). The study area includes
the karst system of the transboundary
lakes—Small Prespa, Great Prespa,
and Ohrid (Krstic 2012)—which
together form a unified hydraulic
system (Eftimi 2019).

Great Prespa and Small Prespa Lakes
occupy the deepest areas of an
enclosed mountainous basin and
both have not any natural surface
outflow. The hydraulic connection
between them is realised only through
subsurface flow, whereby water from
Great Prespa Lake (approximately 849
m a.s.l.) drains westward toward Lake
Ohrid, which lies about 150 meters
lower (Krsti¢ 2012). Small Prespa
and Great Prespa are separated by a
neck composed of alluvial deposits.
In 1969, a dam was constructed by
the Greek authorities to regulate the
water flow from Small Prespa to Great
Prespa. The surface areas of Small
Prespa, Great Prespa, and Lake Ohrid
are 47.4 km?, 274 km?, and 348 km?,
respectively, with maximum depths
of 8 m, 54 m, and 288 m (Eftimi et al.
1985).

The Ohrid — Prespa region comprises
geological formations that span from
the Paleozoic metamorphic rocks to
Neogene and Quaternary sedimentary
formations (Micevski 2000). The Mali
i Thaté — Gali¢ica mountain range is
entirely composed of massive Upper
Triassic — Lower Jurassic limestones,
with minor occurrences of Upper
Cretaceous limestones. According
to Vranaj et al. (1997) and Xhomo
et al. (2002), the total thickness of
the Triassic — Jurassic carbonate
deposits reaches approximately 1,000
— 1,200 m. Small outcrops of Eocene
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limestone  conglomerates  occur
mainly in the southern part of the
area (Eftimi & Zoto 1997). The relief
of Mount Gali¢ica is characterized
primarily by well-developed karst
features, including holes and flat
karst plains (Micevski 2000). The floor
of Lake Prespa is largely covered by
Pliocene deposits consisting of clays,
sandstones, and conglomerates,
which are also exposed along parts of
the lakeshore (Eftimi & Zoto 1997).

The study area belongs to the internal
zone of the Alpine orogenic belt, which
underwent significant tectonic activity
during the Pliocene — Quaternary
interval (Mece & Aliaj 2000; Melo
2001; Temovski 2016). These tectonic
processes, including strong and
progressive uplift, led to the formation
of the Mali i Thaté — Galic¢ica horst,
whereas on both sides by, graben
structures are formed, represented by
the Prespa Basin to the east, and the
Ohrid Basin together with the Korga
Plain to the west.

The Ohrid Basin lies at the structural
boundary between the Mirdita
Ophiolite Zone and the Korabi Zone, a
contact clearly observed south of the
Lin Peninsula and along the western
shoreline of the lake. In this region,
the Korabi Zone is composed mainly of
Paleozoic metamorphic and magmatic
rocks, forming an anticlinal structure
in the area situated between the
Prespa and Ohrid lakes (Hoffmann et
al. 2012).

Hydrogeology

In southeastern Albania, along the
border with North Macedonia and
Greece, Lakes Prespa and Ohrid form
a common hydraulic system (Eftimi

2019). The outflow from Great Prespa
Lake is primarily governed by karstic
subsurface infiltration toward Lake
Ohrid (Eftimi 2019) and, to a lesser
extent, by evaporation from the lake
surface and water abstraction for
domestic and agricultural use by the
local communities (Beqgiraj 2018).
Numerous karst springs emerge along
the western slopes of the Gali¢ica/Mali
i Thaté range and discharge directly
into Lake Ohrid. Springs occurring
at elevations higher than the water
level of Great Prespa Lake are entirely
recharged by karst groundwater
derived from direct precipitation on
the mountain tops.

Tracer studies have demonstrated
that the Tushemisht spring (2.5 m%s)
in Albania and the Saint Naum spring
(7.5 m%¥s) in North Macedonia are
partially supplied by Great Prespa
Lake (Matzinger et al. 2006). As early
as the beginning of the 20th century,
the geographer Jovan Cviji¢ provided
a detailed description of karst
phenomena in the Prespa — Ohrid
region and formulated the hypothesis
that the Saint Naum and Tushemisht
springs are recharged by Lake Prespa
(Cviji¢ 1906).

The most significant karst feature in
the area is the Zaver swallow hole,
located on the western shore of Great
Prespa Lake between the villages of
Goricé e Vogél and Gollombog (in
Albanian territory). At this location,
lake water infiltrates underground and
reappears in the major karst springs
along the shore of Lake Ohrid (Eftimi
et al. 1985; Eftimi 2019).
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Hydrology

The Prespa — Ohrid region lies
within the transition zone between
Mediterranean and continental
climates, characterized by warm,
dry summers and cold, wet winters
(Schriek & Giannakopoulos 2017). The
Prespa area consists of Small Prespa
and Great Prespa Lakes, as well as
mountain-type streams with perennial
or seasonal flow, which descend along
steep, vegetated slopes and discharge
into both lakes (Krsti¢ 2012). On
the Albanian side of the basin, no
surface watercourses have been
identified that directly contribute to
the inflow of Small Prespa Lake. A key
hydrological feature of Great Prespa
Lake is the absence of natural surface
outflows, where nearly half of the
lake’s discharge occurring through
the karst aquifer system. This water
discharges into Lake Ohrid in the
form of springs that emerge along
the lake Ohrid shore (Cviji¢ 1906). The
relief, together with ongoing tectonic
activity, has created a steep hydraulic
gradient (0.0159 or 1.59%), which
enables rapid subsurface drainage
through the karst massif (Micevski
2002).

Human activity has significantly
modified the hydrology of the region.

Major interventions include: the
diversion of the Agios Germanos
stream (in Greece) from Small Prespa
to Great Prespa in 1936; the diversion
of the Devoll River (in Albania) to
discharge into Small Prespa Lake in
the mid-1970s; and long-term erosion
and sedimentation processes that
formed an alluvial neck between the
two Prespa lakes, historically causing
synchronous changes in their volumes
and surface areas. In 1969/70, the
connection between Small Prespa
and Great Prespa was further altered
through the construction of a dam
near the village of Mileonas (Greece),
and the two lakes were subsequently
linked via a concrete channel with a
hydraulic head of approximately 3
m (Hollis & Stevenson 1997). Water
levels in Great Prespa Lake fluctuate
seasonally and yearly. The maximum
historical level was recorded in 1993
at 852.91 m a.s.l. Between 2002 and
2005, the lake reached approximately
844.5 m as.l., representing the
lowest historical level (Eftimi 2019).
Table 1 presents the water levels in
Great Prespa Lake for the year 2024
(data obtained from the Institute of
Geosciences, 2024), clearly showing
a slight further decline relative to the
historic minimum for this lake.

Table 1 — Monthly and yearly average water level values (m) in Great Prespa Lake for the

year 2024 (Institute of Geosciences, 2024).
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METHODOLOGY

To better understand the hydrological
dynamics and the influence of
climate change on the Prespa — Ohrid
hydrological system, a representative
sampling campaign was conducted
both spatially and temporally (Fig.
1). Spatially, all major hydrological
components were sampled: (1) the
lakes Great Prespa and Ohrid, and (2)
the karst springs emerging along the
western slopes of the “Mali i Thaté —
Gali¢ica” mountain range. Seasonal
sampling aimed to detect modest

variations in the physicochemical
characteristics of the water. Sampling
across all water body types enabled
the construction of an expanded
profile of the spatial variability of
hydrochemical properties. Sampling
locations were selected through a
detailed analysis of topographic,
hydrological, and hydrogeological
maps, combined with extensive
knowledge of the local ecosystem.
Water samples were collected in 1.5 L
plastic bottles, which were pre-rinsed
with the respective sample water
prior to filling.

Ohrid Lake

1 - Lin-Ohrid;

2 — Biljana Spring;

3 - Elshan Spring;

4 — Lubanisht Spring;
5— St. Naum Spring;

6 — Kufi Spring;

7 — Tushemisht-Ohrid;
8 — Tushemisht Spring;
9 - Gurras Spring;

10 — Goricé e Vogél-
Great Prespa;

11— Pojan Spring;

12 — Prrenjas Spring;
13 — Pustec-Great Prespa;
14 — Well GM_2018;
15— Zvezde Spring;

16 — Shéngjergj Spring;
17 — Alarup Spring

Figure 1. Locations of the water sampling points on the Google map.
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Chemical analyses were carried out
in the Chemical Laboratory of the
Albanian Geological Survey, Tirana.
Ca, Mg, total hardness, and HCO;
were analyzed by titration; Cl and
SO,4 by photometry; pH and electrical
conductivity by  electrochemical
methods; while Fe, Na, and K were
analyzed using a PERKIN ELMER AAS,
both with the flame technique model
400 AANALYST and with the graphite
furnace model 900 AA (Tabs. 2 & 3).
For a quantitative assessment of the
degree of mixing between karst water
and the water of Lake Great Prespa in
the spring waters, a two-component
mixing model was employed. This
model consists of solving a system of
two equations: the first represents
the mass balance of the mixed water
fractions, while the second represents
the chemical balance of chloride
content in the water (Herczeg &
Edmunds 2000).

f+f=f=1

Cl f +Cl-f=Clf

where:

 f andf are the respective fractions

of karst water and lake water in the
spring water f_

e Cl, Cl, and Cl, are the chloride
concentrations in karst water,
lake water, and spring water,
respectively.

RESULTS AND DISCUSSIONS

The data of the physicochemical
analysesofthewatersoflLake Ohridand
Prespa as well as the karst springs west
of the Mali i Thaté-Galicicé mountain
(Tables 2 & 3) were processed through
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the AguaChem program. Using the
Piper and Schoeller diagrams, the
hydrochemical characteristics were
visualized and the main features of the
chemical composition of the sampled
waters were compared. This approach
has enabled an in-depth analysis of
the chemical state of the waters and
the relationships between different
water sources in the region.

Eftimi et al. (2021) have distinguished
only the Ca-HCO3 hydrochemical type
and have argued it with the dominance
of carbonate-limestone rocks in the
study area, while in the Piper (Fig.
2) and Scholler (Fig. 3) diagrams
the presence of two hydrochemical
types of water is clearly observed:
Ca-HCO3 (red circles) and Ca-Mg-
HCO3 (blue triangles). The Ca-HCO3
hydrochemical type includes the
waters of springs Biljana, Tushemisht,
Shéngjergj Elshan and Alarup (the
latter two with an outlet above the
maximum level of Lake Great Prespa)
and well GM_2028, while the Ca-Mg-
HCO3 type includes the waters of
Lake Great Prespa and Ohrid, and the
Gurras, Sh. Naum, Pojan, Pérrenjas,
Lubanisht, Zvezde springs (Figs. 2 & 3).
The water of the Kufi spring is of the
Ca-HCO3 hydrochemical type in the
June sampling and of the Ca-Mg-HCO3
type in the October sampling.

Kiri (2021) also distinguishes two
hydrochemical types of spring waters,
but in contrast to the findings of this
study, the Lake Great Prespa water is
reported to belong to the Ca-HCO3
type. Ca-HCO3 type waters generally
have lower values of TDS (<300mg/I)
and vary within narrow limits (oTDS
= 16.74mg/l) indicating respectively
a shorter water-rock contact time
and groundwater circulation in
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a lithologically = “homogeneous”
limestone environment.

On the other hand, Ca-Mg-HCO3
type waters are distinguished by
higher values of Total Mineralization
(MP>300mg/l) that vary within wide
limits (oTDS = 110.39mg/I), which is
reflected in a more visible variation in
the content of the main cations and
anions (Figs. 2 & 3). The exception is
the well GH_2018 drilled at a depth
below the groundwater drainage
level in Lake Ohrid (Begiraj 2018). The
change in the chemical composition of

the water between the springs has also
been evidenced by Eftimi et al. (2021),
but it is impressive that the waters
with the highest TDS (Tables 1 & 2)
belong to the springs that emerge at
elevations above the water level of the
Lake Great Prespa, such as the Pojani
source (Z=950m), Alarupi (Z=1070m)
and Zvezda (Z=856m). In contrast to
the spatial variation in the chemical
composition of the spring waters, no
significant change is observed in the
chemical composition of the waters
sampled in June and October, 2024.
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Figure 2. Piper diagram of the chemical composition of waters in the Great Prespa —
Ohrid region, June 2024 and October 2024 (blue triangles: Lake Great Prespa, Lake
Ohrid, Gurras, St. Naum, Pojan, Prrenjas, Lubanisht, Zvezde; red circles: Biljana, Elshan,
Tushemisht, Well GM_2028, Shengjergj, Alarup; the Kufi Spring has dual affiliation).
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This invariability over time of the
chemical composition of the spring
waters is explained by their recharge
from an extremely large groundwater
basin (Jordanovska et al. 2010), or by
the processes of mixing of karst waters
with the water of Lake Great Prespa
(Eftimi et al. 2021).

Figure 3 shows that quantitatively
the spring waters that emerge on
the western side of the Mali i Thaté-
Galigicé carbonate massif are a

mixture, in different ratios, of karst
water with the water of Lake Great
Prespa. Ca-HCO3 type waters are
mainly associated with precipitation-
karst and present a narrow variation
in composition, while Ca-Mg-HCO3
type waters indicate a more significant
contribution of the water of Lake
Great Prespa compared to the karst
water and exhibit a significantly wider
variation of Mg, K, Na and SiO2 (Fig.
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Figure 3. Scholler diagram of the chemical composition of waters
in the Great Prespa — Ohrid Region (symbols as in Fig. 2).

Chlorides are inert chemical species
(conservative ions) in groundwater
(Herczeg & Edmunds 2000) and
can therefore be used as tracers to
understand the rates of recharge and
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mixing between waters. Furthermore,
chlorides have high mobility in water,
similar to that of water molecules
(Hill 1984) and are not involved in the
usual chemical reactions that occur in
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groundwater (Leibundgut et al. 2009).
Furthermore, a chemical species
such as chlorides is only affected
by evaporation near the surface of
the earth and is valuable because it
integrates over long time scales (Cook
& Herczeg 2000). The Biljana spring
was chosen as a representative of
karst water because it is located about
12 km north of the northern end of
Lake Great Prespa, so it is outside its
possible influence, which is evident
in the lower content of chlorides and
magnesium (Tabs. 2 & 3).

In the June sampling (Tab. 4) it is
clearly seen that the Elshan, Kufi and
Biljana springs are recharged by over
50% from the karst water, while the
other three springs by water from
Lake Great Prespa. An interesting
finding is that, in the October
sampling, the contribution of karst
water to all six springs is clearly over
50%. This sampling was carried out
after a period of approximately three
months without precipitation, which
was accompanied by a significant
drop in the water level of Lake Great

Prespa and the emergence above
water of several karstic sinkholes (e.g.
Zaveri), which cannot convey water
from Lake Great Prespa to the Ohrid
springs. The above results regarding
the contribution of karst water and
Lake Great Prespa to the spring water
emerging at the shores of Ohrid are
consistent with the results of the two-
component mixing model based on
the isotopic composition of 0-18 and
H-2 in water (Eftimi et al. 2021).

Based on chemical composition of the
spring waters, the dominance of the
karst fraction in the spring water is
supported by the decrease in Mg (Tab.
2) and silica (Tab. 4, Fig. 4) contents in
the waters sampled in October. The
silica in the spring water cannot be
derived by the karst; while its presence
in the water of Lake Great Prespa
is linked to alteration processes of
silicate minerals in metamorphic rocks
distributed to the east and north of
the lake. Therefore, with the decrease
of water contribution from Lake Great
Prespa, the content of dissolved silica
in the water of springs also decreases.

Table 4 — Contribution (%) of water from Lake Great Prespa (f) and karst water (f,) to
the spring water (based on chloride content in the water).

Sampling time June 2024 October 2024
Water fraction (%) f, f, f, f,

Elshan 20 80 14 86
Sh.Naum 58 42 36 64
Kufi 40 60 36 64
Tushemisht 55 45 47 53
Gurras 58 42 45 55
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Figure 4. Variation of SiO, content in the groundwater of selected springs,
for samples collected in June (blue) and October (red) 2024.

CONCLUSIONS

The Ohrid — Prespa region represents
an aquatic ecosystem of hydrological
and hydrogeological interest, where
the effects of climate change are
significant, particularly in the decrease
of water levels in Lake Great Prespa,
which reached a historic low of 844.01
m in November 2024. Triassic—Jurassic
limestones compose the Mali i Thaté—
Galigicé mountain range, Paleozoic
schists are mainly developed to the
east and north of Lake Great Prespa,
while ultrabasic rocks appear to the
west and northwest of Lake Ohrid.
The sampled waters belong to two
hydrochemical types: Ca-HCOs
(dominated by the karst component)
and Ca-Mg-HCOs;, which are mainly
associated with Lake Great Prespa.
The use of chlorides to quantitatively
assess the degree of mixing between
karst water and Lake Great Prespa
in the spring waters showed that,
during the spring season, the Elshan,
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Kufi, and Biljana springs are mostly
(50%) recharged by karst water,
whereas in the autumn season, the
Tushemisht, Gurras, and St. Naum
springs are also fed more than 50%
by karst water. The silica content (a
non-karstic chemical element) in the
spring water decreases significantly
in October compared to June, while
it increases in Lake Great Prespa. This
reconfirms the dominance of the karst
component over Lake Great Prespa in
the springs discharge during extended
dry periods.
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Abstrakt. Ky studim ka pasur si géllim kryesor vlerésimin e ndikimin té ndotjes mjedis-
ore nga aktivitetet gjeologo — minerare né zonén e vendburimit té bakrit né Rehové
(Bashkia Korgé). Rajoni i studiuar karakterizohet nga njé ndértim kompleks gjeologjik,
me prani té formacioneve sedimentare, ultrabazike dhe ofiolitike, si dhe burime té
réndésishme minerare. Né kuadér té studimit jané marré gjithsej 14 prova gjeokimike
(toké dhe ujé), té cilat jané analizuar pér pérmbajtjen e metaleve té rénda si Ni, Cr, Co,
Cu, Zn, Pb dhe Cd. Té dhénat analitike jané pérpunuar statistikisht dhe jané krahasuar
me normat ndérkombétare té Listés Hollandeze (Holland List — 2014), me qéllim pér-
caktimin e nivelit té ndotjes dhe riskut potencial pér mjedisin dhe shéndetin e njeriut.
Rezultatet e analizave tregojné nivele té konsiderueshme ndotjeje né aférsi té dambave
té mbetjeve minerare né Rehové, ku pérmbajtjet e elementéve Ni, Cr dhe Cu tejkalojné
sfondin gjeokimik natyror dhe normat e lejuara. Analiza faktoriale dhe ajo korrelative
evidentuan bashkéshoqgérime té garta midis elementéve Ni—Co—Cr, té cilat reflektojné
njé ndikim té forté nga burimet antropogjene. Nga hartat e shpérndarjes hapésinore
dhe té dhénat e normalizuara rezulton se ndotja éshté mé e theksuar né zonén pérreth
vendburimit dhe prané dambave me mbetje té krijuara gjaté pérpunimit té mineralit
té bakrit. Studimi nénvizon domosdoshmériné e njé monitorimi té vazhdueshém, té njé
menaxhimi té géndrueshém té mbetjeve minerare dhe té zbatimit té masave té rehabil-
itimit, né funksion té mbrojtjes sé ekosistemit dhe komuniteteve pérreth.

Fjalé kyge: gjeokimi, ndotje mjedisore, fenomen gjeologjik, burime minerale, vlerésim
ndikimi.

HYRJA

Gjeokimia mjedisore studion  popullsi prej rreth 258,100 banorésh.

ndérveprimin midis pérbérjes kimike
natyrore té litosferés, hidrosferés dhe
atmosferés me biosferén. Ky ekuilibér
i ndjeshém mund té prishet nga
faktoré natyroré (gjeogjené) ose nga
veprimtaria e njeriut (antropogjene),
duke shkaktuar ndotje té mjedisit. Ky
studim paraget rezultatet e fituara
pér vitin 2024, té bazuara né puné
fushore dhe kamerale né vendburimin
e Rehovés. Qarku i Korgés, i vendosur
né jug-lindje té Shqipérisé, ka njé
sipérfage prej 3,711 km? dhe njé

Ndértimi gjeologjik i rajonit éshté
kompleks, pjesé e zonés sé Mirdités
dhe Basenit Shgiptaro — Thessalian
(Gropa e Korgés). Pérhapje té gjeré
kané depozitat mollasike, shkémbinjté
ultrabaziké té masivit té Moravés,
si dhe sedimentet e Kenozoit dhe
Kuaternarit. Rajoni éshté i pasur me
burime minerale, si bakér, squfur,
gymyr, azbest, hekur — nikel, talk
dhe argjila, té cilat jané shfrytézuar
historikisht.

1SHGJSH, Tirané
Ina.Gjonaj@gsa.gov.al
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NDERTIMI GJEOLOGJIK

Vendburimi i Rehovés ndodhet né
ekstremin jugor té ofioliteve té
Shqipérisé (Fig. 1) dhe pérfshin disa
objekte me réndési industriale si:
Fushé Rehova, Cifligu, Dushku i Trashé,
Lubonja et. Vullkanitct e rajonit
Vithkuq — Rehové, déshmojné pér njé
afinitet gjeokimik té afért me até té
bazalteve té kurrizoreve mesogeanike
dhe jané né pajtim me vecorité
petrografike e gjeokimike té pérbérsve
té tjeré té sekuencés ofiolitike té
kétij brezi (Onuzi 1995) dhe té brezit
ofiolitik peréndimor té Albanideve
né pérgjithési. Mineralizimi sulfuror
pirit — kalkopirit i kétij vendburimi
lokalizohet né disa nivele té
vullkaniteve té tipit MOR. Krahu
lindor i vendburimit kontakton me njé
brez té ngushté gabro diabazesh dhe
mé tej tektonikisht me shkémbinjté

ultrabazik, kryesisht serpentinite,
ndérsa né krahun peréndimor,
mbi formimet vullkanoklastike,

vendosen me transgresion formimet
konglomeratike dhe gélgerorét e
Cr,. Prerja e vullkaniteve, né pjesén
gendrore té vendburimit té Rehovés,
shpeshheré, pérmes njé trashésie
té vogél silicorésh radiolaritike
hematitike, mbulohet nga melanzhi
ofiolitik heterogjen i ngiyrosur, ashu si
né rajonin e Mirdités.

Sipas Kalina & Koco (1978), Kalina
(1989) dhe Leka et al. (2000), prerja
litologo — stratigrafike e Rehovés
pérbehet nga:

- Pako e poshtme e derdhjeve masive
dhe llavave jastékore bazaltike J,
(900 m);

- Pako e sipérme e shkémbinjve
vullkanoklastike bazaltike J, (250
m);
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- Silicoret radiolaritike hematitike
mangan mbartés té J, (10 m);

- Melanzhi ofiolitik heterogjen me
ngjyra (J,t) rreth 250 m;

- Depozitimet mospajtuese
konglomeratike dhe gélgerorét e
Cr,.

Né piképamje strukturore, vendburimi

i Rehovés pérfagéson njé strukturé té

pérgjithshme sinklinale me orientim

veri-jug, né pérbérje té sé cilés
vecohen struktura té rendeve mé té
ulta si, antiklinali i Rehovés, i Dushkut
té Trashé, i Lubonjés; sinklinalet

e Rehovés, té Cifligut, né krahét e

té cilave lokalizohen mineralizime

sulfure.

Sipas Leka et al. (2000), tipari mé
i dallueshém i tektonikés éshté
pérmbysja e formimeve vullkanogjene
me melanzhin né bérthamé drejt
lindjes, né ndryshim kjo, me
mbizhvendosjen e ofioliteve drejt
peréndimit. Tektonika shképutése
afrovertikale e pasmineralizimit éshté
evidentuar garté né vendburimin e
Rehovés me shpime, efektet e sé cilés
shprehen me zhvendosjet né planin
vertikal dhe horizontal té trupave
xeheroré.

Gjeomorfologjia, dhe

klima

hidrografia

Rajoni i studiuar karakterizohet nga
njé gjeomorfologji e larmishme, me
zona malore si vargmali i Moravés
dhe Voskopojés, si edhe me zona
fushore ku shtrihet fushégropa e
Korgés. Pika mé e larté e rajonit éshté
maja e Cardhakut (1808.4 m). Nga
piképamja hidrografike, rajoni ka
njé rrjet sipérfagésor mesatarisht té
zhvilluar, ku kurrizorja e Moravés ndan
rrjedhjet ujore drejt peréndimit dhe
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lindjes. Klima éshté tipike kontinentale
— mesdhetare, me dimra té ftohté e té
lagésht dhe vera té ngrohta e té thata.

HARTA GJEOLOGIJIKE
Zona e studiuar "Rehové"

Shkalla 1 : 25 000

3 2
00078+

000£8%

4470000

LEGJENDA
P oot
[ ey mis e e S

“ Kretak i Poshtém. Konglomerate bazale

E Jurasik i Sipérm. Melanzhi "blloge né matriks" rreshpe
argjilo - silicore, ranors, ultrabaziké, silicorg, etj.
Triasik i Si - Jurasiku i Poshtém.

Gélqeroré stromatolitike, g&lqeroré, dolomite

@ Jurasiku i Mesém. Shkémbenj piroklastike tufo - brekgie,

algomerate t& pérbérjes bazike
Jurasiku i Mesém. Shkémbinj vullkaniké, derdhje llavash
bazike, bazalte dhe llavash jast8kore me pamje al ik

[BEE] Jurasiku i Mesém. Gabro diabazs
[ surasiku i Mesém. Gabro
[EE®] Jurasiku i Mesém. Dunite

- Jurasiku i Mesém., Harcburgit - lercolit mantelik
me ndérthurje dunitesh né pjesén e sipérme

[ xufi gieologiik

-
[-=] xufij gieologjik me pushim
Kufij gjeologjik mospajtues

Piat o studivara

Punoi n& kompjuter: J. Dalipi

Figura 1. Harta gjeologjike e vendburimit Rehové, planshetat me nomenklaturé

K-34-126-C-b (Qafzezi) dhe K-34-126-C-a (Rehova), shkalla 1:25000.

Temperatura mesatare vjetore éshté
10.6°C, ndérsa muaji me mé shumé
reshje éshté néntori (104.9 mm).
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Mineralizimi sulfur

Mineralizimi sulfuror i vendburimit
té Rehovés, vendoset né nivele té
ndryshme té prerjes sé vullkaniteve.
Sipas Kalina & Koco (1982), Kalina
(1995), Leka et al. (2000), rezulton se,
trupat xeherore té Dushkut té Trashé
vendosén né nivelet mé té poshtme
té derdhjeve bazaltike, mé sipér né
llavat jastékore bazaltike me pamje
aglomeratike ndodhet horizonti i
mineralizuar i Rehovés (trupatl, 5, 2, 3,
6, etj.). Né kontakt té llavave jastékore
bazaltike dhe vullkanoklastiteve,
lokalizohet horizonti i mineralizuar i
Cifligut dhe i Bregut té Géshtenjés,
ndérsa né nivelet me té sipérme té
vullkanoklastiteve bazaltike deri né
kontaktin me melanzhin ofiolitik té
ngjyrosur, vendoset mineralizimi i
Oprenies.

Morfologiia e trupave xeherore
éshté thjerzore — pseudoshtresoré.
Zonat minerare pérfagésohen nga
metasomatitet hidrotermale, té cilat
shpeshheré zévendésohen nga trupat
masiveté pirit—kalkopirititme pérmasa
té vogla gé nuk i kalojné 100 — 150
m. Shtrirja e pérgjithshme e trupave
xeheroré éshté meridionale, kryesisht
pajtuese, por dhe mospajtuese me
strukturén e shkémbinjve rrethues.
Teksturat e xeheroréve jané: me
pikézime, njollore, brekciore, masive,
ndérsa teksturat damarore nyjore
takohen mé rrallé.

Ndryshimet  gjeokimike  anésore
pérfagésohen nga kloritizimi,
epidotizimi, piritizimi dhe kaolinizimi.
Studuesit kryesore té vendburimit té
Rehovés (Kalina & Kogo 1976, 1977
- 1978, 1980), e kané trajtuar kété
vendburim si vullkano — sedimentar.
Sipas Kalina et al. (1995), vendburimi
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i  Rehovés konsiderohet i

vullkanogien.

tipit

Mendimi i pérgjithshém éshté se
mineralizimi sulfur i Rehovés éshté
i tipit hidrotermal vullkanogjen, i
formuar né temperaturé té mesme
— té ulta dhe lidhet me vullkanitet e
kurrizores mesoqgeanike sipas: Raportit
shkencor me temé “Pérgendrimet
e metaleve té ¢muar (EGP dhe Au)
né shkémbinjté bazik té ofioliteve té
Shqipérisé” (Neziraj et al. 2005).

Pérbérja mineralogjike dhe kimike

Mineralet xeherore kryesore jané:
kalkopiriti, sfaleriti, borniti, magnetiti,
mushketoviti etj., ndérsa dytésore jané
kovelina dhe kalkozina. Pér horizontin
e mineralizuar té Cifligut, éshté
karakteristik mineralizimi magnetit
— mushkovit, nén trupat sulfurore
pirit — kalkopirit. Dallohen strukturat
xeherore idiomorfo-kokrrizore,
kollomorfé, sferolitike, rrjetore, té
zévendésimit etj. Pérberja elementare
éshté Fe, S, Cu, Zn. Si mikroelemente
takohen Co, Se, Ni etj. Si elementé té
rrallé e té shpérndaré takohen As, Pb,
Se etj. Pérmbajtja e Au nga 0.72 — 18
g/t né objektin e Cifligut éshté mé e
larta e objekteve té Rehovés (Kalina &
Kogo 1982).

METODOLOGIJIA

Me qéllim realizimin e kétij studimi
gjeomjedisor, pérve¢ vlerésimit té
materialeve gjeologjike ekzistuese,
jané kryer vrojtime fushore me
marrje kampionésh né vendburimin
e bakrit Rehové. Gjithsej jané marré
14 prova, nga té cilat 12 prova né toké
(thellésia 10 — 15 cm) pér té analizuar
ndotjen e sipérfages, 1 prové pér
Sfondin Gjeokimik Natyror (S.Gj.N)
(thellésia 50 — 60 cm), né zona té
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largéta nga burimet e ndotjes pér té
pércaktuar vlerat bazé natyrore dhe 1
prové ujore nga burime dhe pérrenjé
gé pérshkojné zonén minerare.
Provat u analizuan né laboratorin e
ShGjSh-sé, duke pérdorur metodén e
Spektrometrisé sé Absorbimit Atomik
(A.A.S) pér elementét: Mn, Ni, Co,
Cr, Cu, Zn, Pb dhe Cd. Té dhénat u
pérpunuanstatistikishtdhe u paragitén
grafikisht duke pérdorur programe
si Excel, Jamovi, ioGAS-64 dhe GIS.
Vlerésimi i riskut u bé duke krahasuar
pérmbajtjet e gjetura me normat e
List Holand (Holland List — 2014) pér
SRCeco (risk pér ekosistemin) dhe
SRCinteg (risk i integruar pér njerézit
dhe ekosistemin). Pér analizimin dhe
pérpunimin e té dhénave u pérdorén
programet Microsoft Excel 2016 dhe
Jamovi 2.6.44, té cilat shérbyen pér
kryerjen e llogaritjeve statistikore dhe

vizualizimin e rezultateve.
REZULTATET DHE DISKUTIMI

Vendburimi i bakrit Rehové éshté i
tipit hidrotermal. Sterilet (mbeturinat)
e minierés sé bakrit jané depozituar
né damba prané hyrjes sé galerive
dhe ish-fabrikés sé pasurimit (Fig.
2; Tab.1l), duke pérbéré njé burim
potencial ndotjeje. Gjaté hapjes sé
minierave me punime horizontale
pér shfrytézimin e mineralit té bakrit,
sterilet jané depozituar prané grykave
té tyre, konkretisht prané ¢do hyrje
galerie ka njé stok sterili. Né aférsi
té vendburimit ka qgené fabrika e
pasurimit té bakrit, gé ndodhet né
luginén midis dy kodrave. Damba
ndodhet nén kuotén e fabrikés sé
pasurimit késhtu qé sterilet jané
dérguar né dambé me vetérrjedhje.

- Damba Rehova
@,7 y=4483912, z=997m)

— : o

Figura 2. a) Pamje nga dambat e depozitimit té sterileve;
b) Ish- fabrika e pasurimit té bakrit Rehové (Ceroni et al. 2024).

Tabela 1 — Treguesit e dambés Rehové.

Nr. Emértimi Njesia Vlera
1 Siperfagja e pérgjithshme m? 32.000
2 Volumi m? 480.000
3 Pesha volumore ton/ m? 1.82
4 Sasia e sterileve té depozituara ton 873.600
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Damba pér veté pérbérjén léndore,
sasiné e madhe té materialit
té depozituara né té, si edhe
granulometriné tepér té imté, pérbén
njé rrezik potencial shumé té madh
pér ambientin. Né kété studim jepen
té dhéna pér metalet e rénda gé
vazhdimisht kalojné né tretje dhe
ndotin pérrenjté dhe lumenjté. Ky
éshté njé problem i véshtiré pér tu
parandaluar, por qé duhet studiuar pér
té njohur influencén gé kéto metaleve
té rénda kané né jetén e gjallesave
gé jetojné né ambiente tokésore dhe
ujore té ndotura prej tyre.

Pércaktimi i ndikimit gjeogjen dhe
antropogjen

Pér té gjykuar mbi ndikimin e
aktivitetit té veprimtarisé njerézore
nga shfrytézimi i kétij vendburimi,
llogarisim pérmbajtjet antropogjene
té elementéve mbi vlerat normale.
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Pér kété llogariten pérmbajtjet
gjeogjene (natyrale) té elementéve
né toka. Pra duhet pércaktohet gé
né fillim Sfondi Gjeokimik Natyror
(S5.Gj.N.). Duke e menduar sé toka mbi
mbulesén Kuaternare, né aspektin
gjeokimik, éshté homogjene, dhe
provat e marra ne largesine mbi 1
(nje) km larg vendburimit dhe né
thellésiné 50 — 60 cm nga sipérfagja
(thellési kjo qé& shmang né njé
masé té konsiderueshme ndotjen
antropogjene), pra pérfagéson njé
mjedis té pastér, larg burimit té
ndotjes, ku mundésia e depértimit
té ndotjes éshté e papérfillshme (e
pakét). Pra, pérmbajtja e elementéve
né kété thellési éshté e pérafért me
S.Gj.N. Shpérndarja e pérmbajtjeve
té elementeve kimike né venburimin
e Rehovés paragitet népérmjet
parametrave statistikore né tabelat 2
dhe 3.
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Né grafikun e méposhtém (Fig. 3)
paragiten pérmbajtjet mesatare té

elementéve né provat e marra né vb.
e Rehovés.

1800

1600

1400

1200

B Pérmbajtja mesatare

1000
800 -

e elementeve kimike (ppm)
né provat e marra

600 -

400
200

Mn  Ni Co Cr Cu Zn

Pb  Cd

Figura 3. Paragitja grafike e pérmbajtjeve mesatare té disa elementéve kimike né
provat gjeokimike (Ceroni et al. 2024).

Pér té paré meé qarté kéto lidhje té
brendshme té bashkéshogérimeve
gjeokimike, kemi pérdorur metodén
e pérpunimit té té dhénave analitike
té komponentéve kryesore té analizés
faktoriale, vlerat e té cilave paragiten
né tabelén 4 ku jané llogaritur 2
faktoré gjeokimike. “Faktorét”

jané komponenté statistikoré qé
pérfagésojné grupime té elementeve
kimike qé kané burime té ngjashme
ose gé ndikohen nga té njéjtét procese.
Faktori 1 konsiderohet si ndikim
gjeogjen dhe Faktori 2 pérfagéson
ndikimin antropogjen.

Tabela 4 - Peshat e elementéve né faktorét gjeokimiké, pér provat e radhés, né thellésiné

deri 15 cm (Ceroni et al. 2024).

Elementét Faktori 1 Faktori 2

Mn 0.612 -0.763
Ni 0.963 0.016
Co 0.904 -0.384
Cr 0.835 0.444
Cu 0.422 0.848
Zn -0.139 0.010
Pb 0.248 0.010
cd 0.143 0.481
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Né tabelén e faktoréve gjeokimike
pér provat e marra pér thellésiné
deri né 15 cm, rezulton sé faktori 1
éshté prodominues. Duke u nisur nga
faktorét gjeokimik qgé paragiten né
tabelén 4, (krahasuar me vlerat >0.7,
gé konsiderohen si vlera sinjifikative
(me “peshé” té réndésishme), shohim
gé me “peshé” mé té madhe né
Faktorin 1, paragiten elementét Ni, Co

dhe Cr. Ndérsa tek Faktori 2 jané né
pérgjithési me vlera té ulta dhe nuk
na rezulton té kemi bashkéshogerime
té elementeve, cka tregon se kemi
té béjmé me njé mjedis me origjiné
gjeogjene (natyrore). Né figuren 4
paragiten pérmbajtjet mesatare té
elementéve né provat e rradhés té
marra né vendburim.

1.20
1.00

0.80
0.60 ~

0.40 -~
0.20
0.00 -
-0.20

m Faktor 1
m Faktor 2

-0.40

-0.60
-0.80

-1.00

Figura 4. Paraqitja grafike e faktoréve gjeokimike pér provat e rradhés
pér vendburimin Rehové (Ceroni et al. 2024).

Pra nga tabela e faktoréve gjeokimik,
shohim gé nga té dhénat analitike
té provave té radhés té marra né
thellésiné 10 — 15 cm, né zonén e
Rehovés kemi kété bashkéshogérim

gjeokimik karakteristik: Ni - Co - Cr.
Pér té pércaktuar bashkéshogerimet
gjeokimike né kemi pérdorur analizén
korrelative té paraqitur né tabelén 5.
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Tabela 5 — Korrelacionet midis elementeve né provat e analizuara pér thellésiné deri né

15 cm (Ceroni et al. 2024).

Elementét | Mn Ni Co Cr Cu Zn Pb | Cd
Mn 1

Ni 0.545 1

Co 0.832 0.870 1

Cr 0.150 0.779 0.580 1

Cu -0.387 0.400 0.043 | 0.779 1

Zn -0.058 | -0.185 | -0.092 | -0.066 | 0.019 1

Pb 0.262 0.108 0.140 | 0.114 | 0.058 | 0.283 1

cd -0.209 0.167 -0.025 | 0.110 | 0.237 | -0.119 | 0328 | 1

Koeficientét e korrelimit > 0.35 jané
sinjifikative me peshé>0.95. Rezultatet
e analizés korrelative té cilét paraqiten
né tabelén 5, ku nga rezultatet e
pérpunimit té té dhénave analitike té
kétyre provave té rradhés, té marra né
vendburimin e Rehovés (né thellésiné
10 — 15 cm), me anén e analizés
korrelative (matrica e korrelacionit),
tregojné disa bashkéshogérime si mé
poshté:

1. Mn-Ni-Co
2.Ni-Co-Cr-Cu
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Né hartat e shpérndarjes hapésinore
té metaleve té rénda (Fig. 5) vémeé
re se tek elementi Ni, anomalité e
konturuara jané rreth provave 5 dhe
6. Po késhtu né hartat e shpérndarjes
hapésinore té Co se anomalité e
konturuara jané rreth provave 6 dhe 3.
Pér elementin Cu vérejmé se anomalité
e konturuara jané rreth provave 2, 3
dhe 4, pér elementin Zn vérejmé se
anomalité e konturuara jané rreth
provave 1, 2 dhe 3, pér elementin Pb
vérejmé se anomalité e konturuara
jané rreth provave 7, 3 dhe 2.
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Figura 5. Paraqitja grafike e elementéve té vendburimit Rehoves me programin
i0GAS-64 (Bashkia Korgé) (Gjonaj et al. 2024).

49



Bul. Shk. Gjeol. (Nr. 1/2025)

Gjonaj 1., Bylyku A., Picaku P,, Hysa Sh.,Sulejmani J., Ceroni M.

Normalizimi i pérmbajtjeve mesatare
té elementéve me sfondin gjeokimik
natyror

Normalizimi i pérmbajtjeve mesatare
té ndikimit (Tab. 6) né mjedis éshté
béré sipas vlerave té raportit té

pérmbajtjeve mesatare té elementéve
kimiké té provave té radhés (né
thellésiné 10 — 15 cm), me sfondin
gjeokimik natyror. Nga grafiku i figurés
6 dallohet gé elementét Ni, Co, Cr,
Cu, Zn dhe Pb, kané vlera mbi sfondin
gjeokimik natyror ose afér tij.

Tabela 6 - Pérmbajtjet mesatare té elementéve kimiké té provave gjeokimike (né
thellésiné 10 — 15cm), me sfondin gjeokimik natyror (Ceroni et al. 2024).

Elementét Ni Co Cr Cu Zn Pb

Mes. Provat 10-15cm 506.10 | 57.34 | 1877.97 | 750.12 | 297.58 | 370.25

Prova Sfondi 50-60cm 107.40 | 53.10 | 210.10 | 388.60 | 118.70 | 241.70

Mes. Provat 10-15cm/SGjN 4.71 1.08 8.94 1.93 2.51 1.53
10.00
9.00
8.00
7.00

6.00
5.00

B Mesatarja e provave 10 - 15 cm
mbi standad

4.00
3.00
2.00 - I
00 1 i N
000 = T . T T T
Ni Co Cr Cu Zn Pb

Figura 6. Normalizimi i pérmbajtjeve mesatare té elementéve me S.Gj.N.
(Ceroni et al. 2024).

Vlerésimi i Riskut

Vlerésimi i riskut éshté paraqgitur
né hartat pérkatése, duke u bazuar
né vlerat e llogaritura té raportit té
pérmbajtjeve mesatare té elementéve
té analizuar, me normat e lejuara
pérkatése si dhe né vlerat e raportit
té pérmbajtjeve té kétyre elementéve
pér secilén prové, me normat e lejuara
pérkatése, bazuar né listé Holandén,
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(Holland liste-2014) duke paraqitur
té dhénat e marra pér SRC integruar
dhe duke i pérshkruar elementét Cr,
Ni, Co, Cu, Zn etj, né trajté grafike, né
hartat e vlerésimit té riskut pér zonat
pérkatése (Tab. 7). Vlerésimin e riskut
e kemi béré bazuar né krahasimin e
pérmbajtjeve mesatare té elementéve
té metaleve té rénda Ni, Co, Cr, Cu, Zn,
Pb me normat e Listés Holland 2014
(Tabs. 7 & 8).
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Tabela 7 — Vlerat e normave té pérmbajtjeve té elementéve né Toka, sipas Lijzen JPA
(Holland liste-2014).

Elementét SRC njeréz SRC eco SRC integr.
As 576 85 85
Ba 934 890 890
c 28 13 13
Cr total - 220 220
Cri tretshém 276 220 220
Cr+6 78 220 78
Co 43 180 43
Cu 86.0 96 96
Hg 210 - -
Hg inorganik 210 36 36
Hg organik - 4 -
Pb 622 58 58
Mo 131 190 190
Ni 147 140 140
Zn 461 350 350

Tabela 8 — Vlerat e normave té pérmbajtjeve té elementéve kimike né toka sipas Lijzen
JPA dhe té provave gjeokimike (Ceroni et al. 2024).

Elementét Ni Co Cr Cu Zn Pb
Norma SRC eco. 140 180 220 96 350 58
Norma SRC int. 140 43 220 96 350 58

Mes. Provat 10-15cm | 506.10 | 57.34 | 1877.97 | 750.12 | 297.58 | 370.25

Mbi normé SRC eco. 3.62 0.32 8.54 7.81 0.85 6.38

*SRC__ — Pérmbaijtja e riskut serioz pér ekosistemin.

*SRCimeg. — Pérmbajtja e riskut serioz e integruar ku pérfshihen njerézit dhe

ekosistemi (Fig. 7).
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Figura 7. Grafiku i normave té pérmbajtjeve té elementéve kimike né toka sipas Lijzen
JPA dhe té provave gjeokimike (Ceroni et al. 2024).

Nga té dhénat e marra né aférsi té
dambave té mbetjeve minerare dhe né
aférsi té vendburimit té Rehovés, duke
i krahasuar me normat e list Holandés
vémé re gé elementét Cr dhe Ni, Cu
dhe Pb jané mé té larta sé norma.
Elementét e Zn dhe Co, jané me vleré
nén norma pér elementin Ni rezulton
me vleré 3.62 heré mbi normé dhe Cr
8.54, Cu 7.81 heré dhe Pb 6.38 heré
mbi normé pér SRC__ dhe SRCintg*.
Pérmbajtjet mesatare né provat
gjeokimike té marra né thellési 10 —
15 cm, té metaleve té rénda tejkaluan
dukshém Sfondin Gjeokimik Natyror
(S.Gj.N). Rezultatet tregojné nivele té
konsiderueshme ndotjeje né aférsi
té dambave té mbetjeve minerare si
dhe né aférsi té vendburimit té bakrit
Rehové, ku pérmbaijtjet e Ni, Cr dhe Cu
tejkalojné dukshém sfondin gjeokimik
natyror dhe normat e lejuara. Analiza
faktoriale dhe korrelative tregoi
bashkéshogérime té garta midis
elementéve Ni — Co — Cr, té cilat
kané ndikim té larté nga veprimtaria
antropogjene.
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Mostra e ujit

Mostra e ujit né Rehové (Tabs. 9 &
10) ka né pérmbatje silicé i tretur
(SiO;) gé éshté njé pérbérés natyral
gé vjen nga erozioni i shkémbinjve,
ka njé pérmbaijtje té larté (0.76 mg/l),
gé tregon per njé ndotje natyrale
pér shkak té erozionit ose burimeve
gjeologjike té silicit aty rreth zones.
Pérmbajtja e Ph pér provén ujore éshté
brenda normave té lejuara, 7.4 gjé
gé tregon se kemi té béjmé me ujéra
alkalinore. Mostra qé éshté marré né
Rehové ka njé pérgendrim té larté té
léndéve té suspenduara (25.5 mg/l), gé
mund té tregojé ndotje té mundshme
nga sedimente ose burime té tjera
té jashtme. Fortésia e ujit pércakton
pérmbajtjen e joneve kalcium dhe
magnez. Fortésia mé e larté éshté né
Rehové (18.5), qé e bén kété ujé mé
té forté dhe potencialisht mé pak té
pérshtatshém pér disa pérdorime té
pérditshme. Lidhur me papastérting,
prova e marré né Rehové ka njé sasi
té larté té léndés pezull (25.5 mg/l),
gé mund té nénkuptojé praniné e
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tregues té pérmbajtjes sé mineraleve

kontaminimit me papastérti organike

dhe materiale te tjera.

té ndryshme qé pérshkon rrjedhja e

ujit né ato shkémbinj.
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PERFUNDIME
Né pérfundim té kétijj studimi
gjeomjedisor, konstatohet prania

e ndotjes mjedisore né nivele té
konsiderueshme né aférsi té dambave
dhe zonave pérreth tyre, si dhe né
veté aférsiné e vendburimit té bakrit
né Rehové. Ndérkohé, né zonat mé té
largéta nga vendburimi, nivelii ndotjes
vjen duke u ulur progresivisht deri né
kuadér té normave té pranueshme.
Burimi kryesor i ndotjes identifikohet
té jeté aktiviteti minerar, veganérisht
prania e dambave me mbetje
teknologjike té patrajtuara né ményré
té sigurt. Zona pérreth dambave té
mbetjeve minerare né vendburimin e
bakrit Rehové pérbén njé shgetésim
té konsiderueshém mjedisor pér shkak
té pérmbajtjes sé larté té metaleve
toksike si Ni, Cr dhe Cu. Analizat
statistikore (korrelative dhe faktoriale)
vértetojné ekzistencén e njé lidhjeje
té garté midis ndotjes dhe burimeve
antropogjene, duke déshmuar
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Abstract. The goal of this study was the pollution impact assessment from geological
— mining related activities connected to copper — bearing deposits from Rehova mining
area (Korca Municipality). The studied region is characterized by a complex geological
structure, with the presence of sedimentary, ultrabasic, and ophiolitic rocks, as well
as significant mineral resources. Within the framework of the study, a total of 14
geochemical samples (soil and water) were collected, which were analyzed for the
content of heavy metals such as: Ni, Cr, Co, Cu, Zn, Pb, and Cd. The analytical data were
statistically processed and compared with the international standards of the Dutch List
(Holland List — 2014), with the aim to determe the level of pollution and the potential
risk for the environment and human health. The analyses’ results show considerable
pollution levels near the mining waste dams in Rehova, where the contents of Ni, Cr, and
Cu exceed the natural geochemical background and the standards’ level. Factorial and
correlation analyses highlighted clear associations between Ni—Co—Cr elements, which
reflect a strong influence from anthropogenic sources. From the spatial distribution map
and normalized data, resulted that the pollution is more pronounced in the area around
the explored deposits and the waste dams accumulated during the copper processing
and extraction. This study underlines the necessity of continuous monitoring, sustainable
management of mining waste, and the implementation of rehabilitation measures, in
order to protect the ecosystem and the surrounding communities.

Keywords: geochemistry, environmental pollution, geological phenomenon, mineral —
bearing deposits

INTRODUCTION

Environmental Geochemistry studies
the interaction between the natural
chemicalcompositionofthelithosphere,
hydrosphere, and atmosphere with the
biosphere. This sensitive balance can be
disrupted by natural (geogenic) factors

Albania, has an area of 3,711 km?
and a population of around 258,100
inhabitants. The geology of the region
is complex, and structurally the area is
part of Mirdita tectonic zone and the
Albanian — Thessalian Basin (Korga

or by human (anthropogenic) activity,
causing  environmental  pollution.
This study presents the project’s
results obtained during 2024, from
the investigations carried out at
Rehova old mining site. Korga District,
located in the southeastern part of

1SHGJSH, Tirané
Ina.Gjonaj@gsa.gov.al

Basin). The ultrabasic rocks belong to
Morava ultrabasic massif which are
partially overlain by the Cenozoic and
Quaternary molasse’s sediments. The
region is rich in mineral —bearing rocks
such as copper, sulfur, coal, asbestos,
iron-nickel, talc, and clay, which have
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been historically exploited.
GEOLOGICAL SETTING

The Rehova ore deposit is located in
the southern extremity of the Albanian
ophiolites (Fig. 1) and includes several
ore bodies of industrial importance
such as: Fusha Rehova, Cifligu, Dushku
i Trashé, Lubonja etc. The volcanic
rocks of the Vithkug — Rehové region
show a geochemical affinity close
to that of the mid — ocean ridge
basalts and are in agreement with
the petrographic and geochemical
features of other components of the
ophiolitic sequence of this ultrabasic
belt (Onuzi 1995) and with the western
ophiolitic belt of the Albanides in
general. The pyrite — chalcopyrite
sulfur mineralization of this deposit
is located at several levels within the
MOR — type volcanics. The eastern
side of this ore — bearing deposit
contacts a narrow strip of gabbro —
diabases, and further tectonically the
ultrabasic rocks, mainly serpentinites,
while on the western side they are
overlain  transgressivelly by the
Lower Cretaceous conglomerate and
limestone’s deposits. The section, in
the central part of the Rehova ore
— bearing deposit, is often overlain
through a thin layer of hematite —
bearing radiolarian siliceous rocks, by
heterogenous ophiolitic melange, as
in several other areas of the Mirdita
region.

According to Kalina & Koco (1978),
Kalina (1989) and Leka et al. (2000),
the litho — stratigraphic section of
Rehova area consists of:

e Lower package of massive flows
and pillow basalts (Middle Jurassic;
900 m);
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basaltic
(Middle

e Upper package of
volcaniclastic rocks
Jurassic, 250 m);

e Hematitic manganiferous
radiolarian siliceous rocks (Middle
Jurassic; 10 m);

e Heterogeneous ophiolitic melange
(Late Jurassic; J,'; around 250 m);

e Conglomerates and limestone
deposits of Early Cretageous age
(Cr).

the Rehova area

synclinal  structure
with north — south orientation,
and comprises other structures
such as: Rehova, Dushku i Trashég,
and Lubonja anticlines, Rehové
and Ciflig synclines. On their flanks
several sulfur mineralizations were
discovered. According to Leka et al.
(2000), the most notable feature of
the tectonics is the orientation of the
volcanogenic formations with the
melange located in their core, towards
the east, in contrast to the overlapping
of the ophiolites towards the west.
The post mineralization processes
were documented near vertical
faults through coring and boreholes
investigations. The effects of these
mineralisations are expressed by
vertical and horizontal displacements
of the ore bodies.

Structurally,
represents a

Geomorphology,
climate

hydrography and

The study area is characterized by
diverse geomorphology, with high
reliev belonging to Morava and
Voskopoja mountains and plains, such
as Korga plain. The highest peak of
the region is Cardhaku peak (1808.4
m). From the hydrographic point of
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view, the region has a moderately
developed surface network, with the
Morava ridge dividing water flows
to the west and east. The climate is
typical continental — Mediterranean,

GEOLOGICAL MAP
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Figure 1. Geological Map of the Rehova Area, heets with nomenclature K-34-126-C-b

(Qafzezi) and K-34-126-C-a (Rehova), Scale 1:25,000.

with cold and humid winters and
warm dry summers.
average temperature is 10.6°C, while
the month with the most precipitation
is November (104.9 mm).

The annual
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Sulfur mineralizations

The sulfur mineralization of the
Rehové deposit is located at different
levels of the volcanic section.
According to Kalina & Kogo (1978),
Kalina (1989), Leka et al. (2000),
the ore bodies of Dushku i Trashé
are placed at the lower levels of the
basaltic flows, while above, within the
pillow basaltic lavas with agglomeratic
appearance, are located Rehova’s ore
horizons (bodies 1, 5, 2, 3, 6 etc.).
At the contact between the basaltic
pillow — lavas with the volcaniclastic
rocks, the mineralized horizons of
Cifligu and Bregu i Géshtenjés are
located, while in the upper levels
of the volcaniclastic rocks up to the
contact with the ophiolitic melange,
the Opreni mineralization can be
found. The morphology of the ore
bodies is tabular — pseudo layered.

The mineral zones are represented
by hydrothermal metasomatites,
which are often replaced by massive
pyrite — chalcopyrite bodies of small
dimensions not exceeding 100 — 150
m. The general orientation of the
ore bodies is meridional, mainly
conformable, but also unconformable
with  main orientation of the
surrounding rocks. The ore textures
are: spotty, blotchy, brecciated,
massive, while vein- and nodular type
textures are rarer. Lateral alterations

are represented by chloritization,
epidotization, pyritization, and
kaolinization.  Many  researchers

(Kalina & Kogo 1978; Kalina 1989) have
treated the Rehova ore deposits as a
volcano — sedimentary succession.

According to Kalina & Koco (1978),
the Rehova deposit is considered
of volcanogenic type. The general
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opinionisthatthe sulfur mineralization
of Rehova is of hydrothermal
volcanogenic type, formed at medium
—low temperatures and related to mid
— oceanic ridge volcanism (Neziraj et
al. 2005).

Mineralogical and chemical

composition

The main ore minerals found in
the Rehova dore desposits are:
chalcopyrite, sphalerite, bornite,
magnetite, muscovite etc., while
secondary are covellite and
chalcozine. For the Ciflig horizon, the
magnetite — muscovite mineralization
is characteristic, beneath the pyrite
— chalcopyrite ore bodies. The ore

structures  distinguished  include
idiomorphic —granular, colloform,
spherolitic, net and replacement

types. The elemental composition is
represented by Fe, S, Cu, Zn etc., while
the trace elements found were Co, Se,
Ni etc. Rarest elements found in these
ores are As, Pb, Se etc. The gold (Au)
content ranges from 0.72 — 18 g/t in
the Ciflig object is the highest among
Rehova bodies (Kalina & Kogo 1978).

METHODOLOGY
For this geo - environmental
study, in addition to evaluating

existing geological literature, field
observations were carried out and
samples were collected from various
locations of Rehova copper deposits.
A total of 14 samples were collected,
from which 12 were soil samples
(depth 10 — 15 cm) taken to analyze
the surface contamination, 1 sample
was taken for Natural Geochemical
Background (N.G.B) analysis at a
depth of 50 — 60 cm, in an area far
away the pollution source, in order
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to determine baseline natural values,
and 1 water sample from the streams
crossing the mining area. The samples
were analyzed in the laboratory of
the Albanian Geological Survey using
the Atomic Absorption Spectrometry
(A.A.S) method for the elements:
Mn, Ni, Co, Cr, Cu, Zn, Pb, Cd. The
data were processed statistically and
presented graphically using programs
such as Excel, Jamovi, ioGAS-64, and
GIS. Risk assessment was conducted
by comparing the results with the
Holland List (2014) standard for
SRCeco (ecosystem risk) and SRCinteg
(integrated risk for humans and the
ecosystem). For the data analysis and
processing, the software Microsoft
Excel 2016 and Jamovi 2.6.44 were
used, which served for statistical
calculations and results visualization.

RESULTS AND DISCUSSIONS

The Rehova copper deposit is of
hydrothermal type. The waste has
been deposited in dams near the
galleries’ entrances and the former
enrichment plant, constituting a
potential source of pollution (Fig. 2;
Tab. 1).

During the horizontal excavation’s
works for copper mineral exploitation,
the waste was deposited near their
shafts, specifically, near each gallery’s
entrance. The copper enrichment
factory was located near the deposit,
in the valley between two hills. The
dam is located below the elevation
point of the enrichment plant, so the
waste was deposited into the dam by
gravity flow.

Rehova Waste dump
6 1'5_8,‘y=4483912, z=997m)

S
i
R
“ [b.f

Figure 2. a) Waste disposal dams;
b) Former Rehova enrichment plant (Ceroni et al. 2024).

Table 1 - Indicators of the Rehova dam.

No. Designation Unit Value
1 Total area m? 32.000
2 Volume m3 480.000
3 Bulk density ton/ m3 1.82
4 Quantity of deposited waste material ton 873.600
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The dam, due to its chemical
composition, the large amount
of material deposited, as well as
the extremely fine granulometry,
represents a very high potential risk
for the environment. In this study,
data are provided for the heavy metals
chemical composition, that leach and
contaminate continuously the nearby
streams. This is a difficult problem
to prevent, but it must be studied to
understand the influence that these
heavy metals have on the soil and
aquatic environments.

Determination of the geogenic and
anthropogenic impact

To assess the impact of human activity
from the exploitation of this ore
deposit, the anthropogenic contents
of the elements above normal values
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were calculated. For this, the geogenic
(natural) contents of the elements
in soils were determined. The first
parameter calculated was the Natural
Geochemical Background (N.G.B.).
The soil over the Quaternary cover,
from a geochemical point of view,
is homogeneous, and the samples
taken at a distance of over 1 (one) km
from the mining area, at a depth of
50 — 60 cm (a depth that considerably
avoids anthropogenic contamination)
represent a clean environment, far
from the pollution source, where the
possibility of contaminationis minimal.
Therefore, the content of elements at
this depth is approximately equivalent
to the N.G.B. The distribution of the
chemical elements’ content in the
Rehova mining area is shown in tables
2&3.
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The following graph (Fig. 3) shows
the average contents of elements in

the samples taken from the Rehové
deposit.

2000

1800
1600

1400
1200

1000

m Average contents of

chemical elements (ppm)

800 -
600 -

in the geochemical

samples

400 -
200 -
0 -

Mn Ni Co Cr Cu Zn

Pb Cd

Figure 3. Plots of the average contents of several chemical elements in the
Collected samples (Ceroni et al. 2024).

To better understand the relationships
between geochemical associations,

we used the method of data
analytical processing through
principal component analysis, the

values of which are presented in
table 4, where two geochemical
factors were calculated. “Factors” are

statistical components that represent
groupings of chemical elements with
similar sources or influenced by the
same processes. Such as factor 1 is
considered a geogenic influence, while
factor 2 represents an anthropogenic
influence.

Table 4 — Weights of the elements of the geochemical factors for consecutive samples
at a depth of up to 15 cm (Ceroni et al. 2024)

Elements Factor 1 Factor 2
Mn 0.612 -0.763
Ni 0.963 0.016
Co 0.904 -0.384
Cr 0.835 0.444
Cu 0.422 0.848
Zn -0.139 0.010
Pb 0.248 0.010
cd 0.143 0.481

64



Bul. Shk. Gjeol. (Nr. 1/2025)

Gjonaj 1., Bylyku A., Picaku P,, Hysa Sh.,Sulejmani J., Ceroni M.

In the above table showing the
geochemical factors for the samples
taken at a depth of up to 15 cm, it is
evident that factor 1 is predominant.
Based on the geochemical factors
presented in table 4 (compared with
values >0.7, which are considered
significant and with substantial
“weight”), we see that the elements

Ni, Co and Cr have the highest values of
factor 1. In contrast, factor 2 generally
shows low values, and no clear
element associations are observed,
indicating an environment of geogenic
(natural) origin. Figure 4 shows the
average contents of the elements in
consecutive samples taken from the
area.

1.20

1.00
0.80

0.60 -

0.40 -
0.20
0.00

m Factor 1

m Factor 2

-0.20 - Ni Cr

-0.40 -
-0.60

-0.80

-1.00

Figure 4. Plots of the geochemical factors for consecutive samples
from the Rehova area.

Therefore, in the table showing the
geochemical factors, it is observed that
in the samples taken in the Rehova
area, at a depth of 10 — 15 cm, the

characteristic geochemical association
is Ni — Co — Cr. Correlation analysis was
used to determine the geochemical
associations, as shown in table 5.
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Table 5 — Correlations between elements in the samples collected at a depth
of up to 15 cm (Ceroni et al. 2024).

Elements Mn Ni Co Cr Cu Zn Pb Cd

Mn 1

Ni 0.545 1

Co 0.832 0.870 1

Cr 0.150 | 0.779 | 0.580 1

Cu -0.387 | 0.400 0.043 0.779 1

Zn -0.058 | -0.185 | -0.092 | -0.066 | 0.019 1

Pb 0.262 0.108 | 0.140 0.114 | 0.058 | 0.283 1

cd -0.209 | 0.167 | -0.025 | 0.110 | 0.237 | -0.119 | 0.328 1
Correlation coefficients >0.35 are In the spatial distribution maps of

considered significant with a weight
>0.95. The results of the correlation
analysisare presentedintable 5, where
based on the processed analytical data
for these consecutive samples, taken
from the Rehova area at a depth of
10 — 15 cm, using correlation analysis
(correlation matrix), we observe
several associations as follows:

1. Mn — Ni—Co
2. Ni—Co—-Cr—Cu
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heavy metals (Fig. 5), it is observed
that for Ni element, the contoured
anomalies are around samples 5 and
6. Similarly, in the spatial distribution
maps for Co, the contoured anomalies
are around samples 6 and 3. For Cu
element, the contoured anomalies
are around samples 2, 3, and 4; for
Zn, the anomalies are around samples
1, 2 and 3; for Pb, the anomalies are
around samples 7, 3, and 2.
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Normalization of the elements’
average content with the natural
geochemical background in the
Rehova area

The normalization of the average
environmental impact  contents
(Tab. 6) was performed according to
the ratio of the average contents of

chemical elements in consecutive
samples (at a depth of 10 — 15 cm) to
the natural geochemical background.
From the plot of figure 6 it is observed
that the elements Ni, Co, Cr, Cu, Zn
and Pb have values above or close to
the natural geochemical background.

Table 6 — Average contents of chemical elements in geochemical samples (at a depth of
10-15 cm), with the natural geochemical background (Ceroni et al. 2024).

8.00

Elements Ni Co Cr Cu Zn Pb
Avg. Samples 10-15cm 506.10 | 57.34 | 1877.97 | 750.12| 297.58 | 370.25
Sample Background 50-60cm | 107.40 | 53.10 | 210.10 |388.60| 118.70 | 241.70
Avg. Samples 10-15 cm / N.G.B.| 4.71 | 1.08 8.94 1.93 | 251 1.53
10.00
9.00

7.00
6.00

5.00

® Avg. Samples 10-15 cm.

above the standard

4.00 -
3.00
2.00 - I
100 i N
ol BN I B
Ni Co Cr Cu n Pb

Figure 6. Normalization of the average contents of elements with the natural
geochemical background (Ceroni et al. 2024)

Risk assessment

The risk assessment is presented in
the corresponding maps, based on
the calculated ratios of the average
contents of the analyzed elements
to the respective permissible limits,
as well as the ratios of the contents
of these elements for each sample
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to the respective permissible limits,
according to the standard Dutch list
(Holland List—=2014). The data obtained
are presented for the integrated SRC,
with elements such as Cr, Ni, Co, Cu,
Zn etc., plotted on the risk assessment
map for the respective areas (Tabs. 7
& 8).
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Table 7 — Elements’ content values in soil, according to Lijzen JPA (Holland List—2014).

Elements SRC human SRC eco SRC integr.
As 576 85 85
Ba 934 890 890
C 28 13 13
Cr total - 220 220
Cr i disolvable 276 220 220
Cr+6 78 220 78
Co 43 180 43
Cu 86.0 96 96
Hg 210 - -
Hg inorganic 210 36 36
Hg organic - 4 -
Pb 622 58 58
Mo 131 190 190
Ni 147 140 140
Zn 461 350 350

Table 8 — Standard values of chemical elements’ contents in soils according to Lijzen JPA
and the analized samples (Ceroni et al., 2024)

Elements Ni Co Cr Cu Zn Pb
SRC eco. standard 140 180 220 96 350 58
SRC int. standard 140 43 220 96 350 58
Aveg. Samples 10-15cm | 506.10 | 57.34 | 1877.97 | 750.12 | 297.58 | 370.25
Values above SRC eco. 3.62 0.32 8.54 7.81 0.85 6.38

*SRC__— Serious Risk Content for the ecosystem.

. — Serious Risk Content for the integrated system (humans and
ecosystem; Fig. 7).
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Figure 7. Standard values of chemical elements’ content in soils according to Lijzen JPA
and the analized samples (Ceroni et al. 2024).

The risk assessment was carried
out based on the comparison of the
average contents of heavy metals
Ni, Co, Cr, Cu, Zn, Pb with the Dutch
List standards (Tab. 7). From the
results obtained near the mine dams
in the Rehova area, by comparing
them with the Dutch List norms, it
is observed that the elements Cr,
Ni, Cu and Pb show concentrations
higher than the standard values. The
elements Zn and Co are below the
standard values. For the element Ni,
the concentration is 3.62 times higher
than the standard, Cr is 8.54 times
higher, Cu is 7.81 times higher, and Pb
is 6.38 times higher than the SRCeco
and SRCinteg limits. The average
contents (geochemical samples taken
at 10 — 15 cm depth) of the heavy
metals significantly exceed the Natural
Geochemical Background (NGB). The
results indicate considerable levels
of contamination near the dams and
the Rehova ore deposit, where the
concentrations of Ni, Cr and Cu clearly
exceed both the natural geochemical
background and the allowed limits.
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Factor and correlation analyses show
a clear association among Ni — Co —
Cr elements, which indicates a strong
anthropogenic influence.

Water sample analysis

The water sample taken in Rehova area
(Tabs. 9 & 10) contains dissolved silica
(Si0,), which is a natural component
originating from the erosion of rocks.
It has a high concentration (0.76
mg/l), indicating natural pollution
due to erosion or presence in the
surrounding area of silica — rich rocks.
The pH content of the water sample
is within the allowed limits (7.4),
indicating that we are dealing with
alkaline waters. The sample from
Rehova shows a high concentration of
suspended solids (25.5 mg/l), which
may indicate possible contamination
from sediments or other external
sources. Water hardness determines
the content of calcium and magnesium
ions. The highest hardness was
measured in Rehova (18.5°), making
this water potentially less suitable for
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some of the daily uses. Impurities.
The water sample taken in Rehové
contains a high amount of suspended
matter (25.5 mg/l), which may indicate
the presence of contamination from

ERESN IS
FE| 2
=3
o0 .
SE| <
=1 v
&g =
= =
28| %
o= | =
SE|Z
+=| 9
2E| &
= “
N
=]
g g
= ©
2Eg| =
£S| &
ET | =
eu:‘q_;'e —
< oo wy
£SE =2
P
S5 S
£E g
—_— @ n
g |22
2 1%
9] # E| <
[ —
G T = I
S |wE|S
® [z2| e
©
L o] Iz
= .’:I:‘g —
> L=
e S| e
2 C E
5 =
g |25 =
o Ug =
wnv = =
‘U ~ N
2z
S| |
© ha 2
Q = =
2 | 2
o
[¢0] —_—
v >~ =
2 2
] 3
w® 2
= | = | g
=
| 3
<)) £
) 2
— -9 —
Q0 -
=
© z

organicimpurities and other materials.
The general mineral content reflects
the presence of various minerals that
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CONCLUSIONS

This geoenvironmental study
confirms the presence of significant
environmental pollution near the
dams and their surrounding areas, as
well as close to the copper deposit
in Rehova. Meanwhile, in areas
farther from the deposit, the level
of pollution gradually decreases,
reaching acceptable standards.
The main source of pollution has
been identified as mining activity,
particularly the presence of tailing
dams with untreated technological
waste. The area surrounding the
mining waste dams in the Rehova area
represents a significant environmental
concern due to the high content of
toxic metals such as Ni, Cr and Cu.
Statistical analyses (correlation and
factor analysis) confirm the existence
of a clear link between pollution and

concentrations of metals in areas
directly affected by mining activities.
To ensure sustainable development
and effective environmental
protection in the Rehové area, Korca
district, it is essential to design and
implement a long — term strategy for
the management of mining wastes
accumulated from mining activities
carried out before the 1990’s.
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Abstrakt. Njésia Lisen — Spitenit éshté pjesé e zonés tektonike té Krasta — Cukalit
(Albanidet e Jashtme) dhe nga piképamja litologjike ndértohet nga formacione té
ndryshme me moshé nga Triasiku deri né Eocen. Né kété artikull do té japen disa té
dhéna mbi thyerjet e vjetra té riftézimit né njésiné e Lisen — Spitenit. Vlerésimi i thyerjeve
té vjetra té riftézimit mundéson qé té pércaktojmé evolucionin gjeologo — tektonik té
rajonit. Né njésiné e Lisen — Spitenit thyerjet e riftézimit jané formuar né Jurasikun e
Poshtém dhe té Mesém. Kéto thyerje kané formuar struktura horste dhe grabene, qé
jané tipike pér proceset e riftézimit. Ky studim ofron njé kuptim té thelluar té ndikimit té
riftézimit tektonik né njésiné e Lisen - Spitenit, dhe pérbén njé kontribut té réndésishém

né analizat gjeotektonike dhe stratigrafike té kétij rajoni.

Fjalé kyge: Lisen — Spiten, thyerjet tektonike, riftézim, Shqipéri.

HYRJA

Rajoni i studimit ndodhet né veri —
lindje té derdhjes sé poshtme té lumit
Mat, né lindje té fshatrave Zejmen,
Spiten dhe Manati. Njésia e Lisen -
Spitenit bén pjesé né zonén tektonike
té Krasta-Cukalit (Albanidet e Jashtme)
dhe ka ndértim gjeologjik té ndérlikuar,
té formuar si rezultat i zhvillimit
gjeologo — tektonik gjaté periudhave
té ndryshme gjeologjike. Disa autoré
kané mendime té ndryshme mbi
njésiné e Lisen — Spitenit. Dercourt
(1968) e konsideron kété njési si
vazhdim té kurrizores sé zonés
tektonike té Alpeve Shqiptare, ndérsa
Xhomo et al. (2002) e konsideron si
njé ngritje nénujore, brénda zonés sé
Krasté — Cukalit.

NDERTIMI GJEOLOGJIK

Formacionet gjeologjike mé té vjetra
né njésiné e Lisen — Spitenit (Fig. 1)

fillojné me formacionin vullkano -
sedimentar té Triasikut té Mesém, dhe
vazhdon me formacionin karbonatik
me moshé nga Triasiku deri né
Paleocen dhe mé sipér prerja mbyllet
me formacionin flishor té Eocenit
(Xhomo et al. 2002). Té dhénat
mbi stratigrafiné e njésisé sé Lisen
— Spitenit tregojné pér mjedise té
ndryshme sedimentimi, té ujérave té
cekét (neritike) dhe ujérave té thellé
(pelagjike). Njé rol té réndésishém
né stilin tektonik té njésisé sé Lisen
— Spitenit kané luajtur thyerjet e
vjetra té riftézimit. Kéto thyerje jané
té lidhura ngushté me progeset e
riftézimit té brezit strukturor Albanide
dhe krijimin e strukturave tektonike
té tipit horst dhe grabene. Mendimi i
shprehur né kété studim éshté se kjo
njési éshté pjesé e zonés sé Krasté —
Cukalit (zona e Pindit).

1 FGIM, Tirané
ndhurata@yahoo.it
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Figura 1. Harta gjeologjike e zonés sé studimit (Xhomo et al. 2002).

METODOLOGIIA

Ky studim ndérthurr té dhéna nga
literatura gjeologjike egzistuese me
té dhénat nga vrojtimet e pérfituara
gjaté punimeve fushore né zonén e
studiuar. Gjaté vrojtimeve né terren,
jané béré saktésime litologjike, dhe
vlerésuar daljet e shkémbinjve dhe
depozitimeve me moshé té ndryshme
té késaj njésie.

REZULTATET DHE DISKUTIMI

Né ndértimin gjeologjik té njésisé sé
Lisen — Spitenit marrin pjesé njé larmi
depozitimesh té pérfagésuara nga
dy litofacie té mjedise depozicionale
té ndryshme, neritike té detit té
cekét dhe pellagjike té detit té thellé
(Xhomo et al. 2002). Né zonén e
studimit depozitimet me té vjetra
jané ato té Triasikut sé Sipérm
(Mego 1999) dhe litologjikisht
kéto depozitime pérfagésohen nga
gélgerore shtesétrashé deri né masive
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té pasur me alge gélgerore si dhe
bivalvore, kryesisht té pérfagésuara
nga megalodonte, té cilét jané deri
né shkémformuese (Fig. 2). Prania e
formacioneve gélgerore tregon pér
njé mjedis sedimentimi té cekét té
shelfit (Dodona 1973; Meco 1999; Fig.
2). Mbi kéto depozitime né ményré
suksesive  vendosen  depozitimet
Jurasikut té Poshtém dhe té Mesém.

Prerja pérfagésohet nga gélgerore
té tipit wackestone shtresé trashé
me trashési 30 — 35 m, ngjyre hiri té
cilét pérmbajné krinoide, lagenide e
ostrakode (Xhomo et al. 1975). Né
pjesén e sipérme gélgerorét jané
me shtresé hollé, ngjyre hiri e roze,
me ammonite (Fig. 2), qé arrijné
me diameter deri 15 — 20 cm si né e
tavanit té shtresés sé gélgeroréve.

Mosha e kétij niveli depozitimi duke u
mbéshtetur né Involutina liassica dhe
Vidalina martana datohen me moshé
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té Jurasikut té Poshtém — i Mesém.
Mbi kéto depozitime kemi depozitime
té katit Toarian. Depozitimet e katit
Toarian pérfagésohen kryesisht
nga gélgeroré nyjoré té pasur me
amonite deri shkémbformuese me
njé trashési 3 — 4 m me ngjyré té
kuqurremté tip wackestone me
radiolare, dhe filamente bivalvoresh
pelagjike, qé éshté njé facie tipike pér
té gjithé Mesdheun gé ndryshe quhet
“Ammonitico rosso” (Dodona 1973;
Xhomo et al. 1975; Fig. 2).

Mbi horizontin “Ammonitico rosso”
kemi gélgeroré te tipit mudstone
me ngjyre roze té ndérthurur me
ndérshtresa dhe thjerza silicoresh
(Fig. 2). Kéto depozitime i pérkasin
Jurasikut t& mesém dhe vendosen né
ményré suksesive mbi depozitimet
e facies “Ammonitico rosso” kurse
né shtrirje né anén veriore té rajonit
té studimit vendosen me onlap mbi
depozitimet e Trasikut té Sipérm dhe
Jurasikut té Poshtém. Kjo tregon se né
kohén e depozitimit té tyre baseni nuk
ka géné uniform por i ndértuar me
horste dhe grabene.

Mbi depozitimet e Jurasikut t& Mesém
vendosen depozitimet e Jurasikut
té Sipérm, kéto depozitime si duken
edhe né figuren 2, pérfagésohen
kryesisht nga shkémbinj silicoré me
ndérshtresa té rralla gélgerorésh té
tipit wackestone, radiolaritike, me
ngjyre té kuge, mjaft té silicizuar. Kéto
depozitime si dhe ato té nénshtrira

vendosen me onlap mbi depozitimet
me té vjetra té Triasik — Jurasikut té
Poshtém. Kurse né pjesét e grabenit
vendosen né ményré suksesive mbi
depozitimet e Jurasikut té Mesém.
Trashésia e tyre éshté e rendit 18 m.

Né tavanin e radiolariteve takohen
specie té Saccocoma sp. gé déshmojné
me tepér pér njé moshé té Kkatit
Titonian (Dodona 1973). Mbi pakon e
silicoreve radiolaritike vendoset pakua
e gélgeroréve té tipit mudstone dhe
wackestone ku jané takuarkalpionelide
gé tregojné njé moshe Titonianit
i sipérm — Beriasianit i poshtém,
Biozona B me Calpionella elliptica.
Né vijim té prerjes kéta gélqeroré
i pérkasin moshés sé Kretakut i
Poshtém (Xhomo 1966). Depozitimet
kretake té njésisé sé Lisen — Spitenit
pérfagésohen nga gélgeroré pelagjike
né facies sé kondensuar, shogéruar me
pushime né sedimentim, me trashési
shumé té vogél (23 m). Zakonisht ata
vendosen normalisht ose me pushim
né sedimentim mbi radiolaritet e
Jurasikut té Sipérm (Xhomo 1966).
Né disa raste ato vendosen direkt
mbi gélgerorét e Triasikut té Sipérm
dhe pérfagésohen nga depozitime
turbitidike  konglobrekcore.  Kurse
né zonén e Spitenit ndértohet nga
gélgeroré té tipit wackestone me
ngjyré hiri dhe roze, gélqeroré
mergélore me thjerrza e konkrecione
silicoresh, sidomos né pjesén e
poshtme té prerjes.
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Gélgerorét e Triasikut t& Sipérm me megalodonte

Tavani i Jurasikut t& poshtém dhe té mesém
me gjurme ammonitesh

Vendosja me onlap e depozitimeve té Jurasikut té

Mesém mbi depozitimet té Triasit té Sipérm

P/ sy T
Gélgerorét e Jurasikut t& m:
3N \a 2 2P -

Figura 2. Pamje té depozitimeve pjesé e kétij studimit.

Tektonika e zonés sé studiuar

Njésia e Lisen — Spitenit (Fig. 3)
pérfagéson njé ngritje nénujore né
zonén e Krasté — Cukalit gé né krahasim
me pjesén tjetér té zonés tektonike
jané vérejtur sedimente pelagjike (té
detit té thellé) me trashési shumé
té reduktuara, mungesé e materialit
turbiditik dhe prania e pushimeve té
shumta nénujore (Xhomo et al. 2002).
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Né rajonin GuritiZi—VauiDejés, njésia
e Lisen — Spitenit mbihipén mbi flishet
e nénzonés se Krastés me moshé
Kretak i Sipérm —Eocen, kurse né lindje
té saj ajo mbulohet nga ofiolitet e
brezit peréndimor té zonés Mirdita me
moshé té Jurasikut té Mesém dhe té
Sipérm. Né sektorin Manati — Spitenit
kjo njési né peréndim kufizohet
tektonikisht me flishin Eocenik té
Krastés, kurse né lindje mbihipet nga
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nénzona e Krastés, duke dal né Manati
né trajtén e njé dritare tektonike. Né
pérgjithési né té gjithé daljet e saj
paragitet né trajtén e monoklinaleve
me rénie lindore (35°—40°) (Xhomo et
al. 2002), té cilét jané té fragmentuar
né blloge nga shképutjet tektonike si
gjaté shtrishmérisé sé tyre ashtu dhe
térthor saj. Né shtrirje té strukturés
sé Spitenit jané vérejtur disa thyerje
tektonike gé jané té kohés sé riftingut
bazuar né té dhénat e marra nga
vrojtimet fushore (Fig. 2). Né kété
rajon vérehet fenomeni i riftézimit
ku vérehen njé séré strukturash
komplekse kryesisht horste dhe
grabene ku depozitiment mé té reja
vendosen me onlap mbi ato mé té
vjetra. Ky fenomen @éshté vérejtur
edhe né zonén Jonike (Ndreko & Nazaj
2019). Si¢ dihet buzina e Albanideve
ose pjesa lindore e mikropllakés sé
Adrias (Fig. 3) né Jurasikun e Poshtém
dhe té Mesém ka arritur maksimumin
e hapjes dhe né kété kohé jané

individualizuar zonat tektonike gé ne
dokumentojmé dhe sot.

Né fund té Jurasikut té Poshtém dhe té
Mesém né njésiné e Lisenit — Spitenit
ngelen té disa thyerje tektonike ku
vérehen disa horste dhe grabene, ku
horste shérbejné si pjesé té ngritura
kurse grabenet si basene. Né pjesét
e ngritura pothuese nuk depozitohej
kurse né grabene kishim depozitim.
Kjo duket shumé garté né kété zoné
ku depozitimet e katit Toarian té facies
“Ammonitico rosso” vendosen me
onlap mbi depozitime me té vjetra
té Triasikut. Njé situate e ngjashme
éshté dhe pér depozitimet e Jurasikut
té Mesém, pakua e gélgeroréve dhe
pakua esilicoreve (Fig. 2). Kjo situaté ka
vazhduar deri né Kretakun e Poshtém
ku gélgerorét maidstone me tintinide
vendosen me onlap mbi depozitimet
meé té vjetra té Triasikut mbase edhe té
depozitimeve té Jurasikut té Poshtém
dhe té Mesém (Fig. 4).

Figura 3. Skema e buzinés sé Albanideve né fund té Jurasikut té Poshtém e té Mesém
(sipas Ndreko 2021).
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SKICE GJEOLOGJIKE NE
RAJONIN E SPITENIT

Kretak i poshtém

urasik i mesém-sipérm

r~'~.
\

urasik i poshtém
mesém

Figura 4. a) Marrédhéniet midis strukturave gjeologjike para riftézimit Triasik —
Jurasik i Poshtém dhe i Mesém dhe pas riftézimit kati Toarian deri né Kretak; b) Skicé
gjeologjike gé tregon marrédhéniet midis depozitimeve té para riftézimit Triasik —
Jurasik i Poshtém dhe pas riftézimit kati Toarian deri né Kretak gé vendosen me onlap
mbi “horstet” e para riftézimit.

PERFUNDIME

Njésia e Lisen — Spitenit bén pjesé
né zonén tektonike té Krasta —
Cukalit dhe ka ndértim gjeologjik té
ndérlikuar ku takohen dy litofacie gé
i pérkasin dy mjediseve depozicionale
té ndryshme. Depozitimet te ujerave
te cekéta pérfagésohen nga gélgeroré
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shtresétrashé té pasura me alge
gélgeroré dhe megalodonte ndérsa
depozitimet pelagjike pérfagésohen
nga gélgeroré me radiolare dhe
gélgerore té pasur me ammonite né
"Ammonitico rosso”.

Thyerjet tektonike té kohés se riftézimit
té Jurasikut té Poshtém dhe té Mesém
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kané luajtur njé rol té réndésishém
né formimin e strukturave gjeologjike
té tipit té horsteve dhe grabeneve
né njésiné e Lisen — Spitenit si dhe

ndoshta edhe té Kretakut té Poshtém
vendosen me onlap mbi depozitime
me té vjetra té Triasikut té Sipérm dhe
depozitimeve té Jurasikut té Poshtém

kané kontrolluar sedimentimin e dhe té Mesém.
litofacieve té ndryshme. Ndryshimet
né sedimentim vérehen shumé qarte,
ku depozitimet e katit Toarian té facies
“Ammonitico rosso” dhe depozitimet

e Jurasikut té Mesém dhe té Sipérm

Falénderime. Duam té falénderojmé
ekspertit té jashtém pér sugjerimet e bera
lidhur me korrigjimit e kétij artikullit.
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Abstract. The Lisen — Spiten unit is part of the Krasta-Cukali tectonic zone (External
Albanides) the lithological formations ranging in age from the Triassic to the Eocene. This
article will provide some data on the rift faults in the Lisen — Spiten unit. Evaluating these
rift faults makes it possible to determine the geologic-tectonic evolution of the region.
In the Lisen — Spiten unit, the rift-related faults formed during the Lower and Middle
Jurassic. These faults created horst and graben structures, which are typical for rifting
processes. This study offers a deeper understanding of the impact of tectonic rifting in
the Lisen — Spiten unit, and constitutes an important contribution to the geotectonic and

stratigraphic analyses of this region.

Keywords: Lisen — Spiten, tectonic faults, rifting, Albania.

INTRODUCTION

The study area is located to the
northeast of the Mati River, east
of the villages of Zejmen, Spiten,
and Manati. Lisen — Spiten unit is
part of the Krasta — Cukali tectonic
zone (External Albanides) and has
a complicated geological structure,
formed as a result of the geologic —
tectonic development during different
geologic periods. Some authors have
various opinions regarding the Lisen —
Spiten unit. Dercourt (1968) considers
this unit as a continuation of the ridge
of the Albanian Alps tectonic zone,
whereas Xhomo et al. (2002) regard
it as an underwater uplift within the
Krasta — Cukali tectonic zone.

GEOLOGICAL SETTING

The oldest geological formations
in the Lisen — Spiten unit (Fig. 1)

1 FGIM, Tirané
ndhurata@yahoo.it

belong to the Middle Triassic volcano
— sedimentary deposits, being
overlain by the carbonate deposits
ranging from Triassic to Paleocene.
The succession is ending with an
Eocene flysch sequence (Xhomo et
al. 2002). Data on the stratigraphy of
the Lisen — Spiten unit indicate the
presence of different sedimentary
palaeoenvironments, from shallow-
to deep water areas. The rift faults
have played an important role in the
tectonic evolution of the Lisen —Spiten
unit. These faults are closely related to
the rifting processes of the Albanides’
structural belt and the existence of
various tectonic horst and graben
structures. It is believed that this unit
is part of the Krasta — Cukali Zone (the
Pindos zone in Greece).
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Figure 1. Geological map of the studied area (Xhomo et al. 2002).

METHODOLOGY

This study combines the data from
the existing literature with new field
observations of the investigated area.
During the field works, lithological
observations of the studied deposits
and evaluation of the relationships
between strata of various ages
belonging to this unit were done.

RESULTS AND DISCUSSIONS

The geological structure of the Lisen
— Spiten unit comprises a variety
of formations represented by two
depositional lithofacies, represented
by shallow- and deep marine
palaeoenvironments (Xhomo et al.
2002). In the study area, the oldest
deposits belong to Upper Triassic
(Meco 1999). Lithologically, these
formations comprise thick —bedded to
massive limestones rich in calcareous
algae and bivalves, mainly represented
by megalodonts. The presence of
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limestones sediments indicates a
shallow shelf palaeoenvironment
(Dodona 1973; Meco 1999; Fig. 2).
Successively overlying these deposits
are the Lower — Middle Jurassic
limestones.

The section is represented by thick —
bedded wackestone, 30 — 35 m thick,
gray in color, which contains crinoids,
lagenides and ostracods (Xhomo
et al. 1975). In the upper part, the
limestones are thin —bedded, gray and
pink in color, containing ammonites
(Fig. 2). up to 15 — 20 cm in diameter,
similar to those observed at the top of
the limestone unit.

The age of this depositional level,
based on the presence of Involutina
liassica and Vidalina martana is Lower
—MiddleJurassic. Above these deposits
overlie the Toarcian sediments.
These are represented mainly by
nodular reddish limestones rich in
ammonites (locally so abundant as to
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be rock — forming), with a thickness
of 3 — 4 m, of wackestone type with
radiolarians and pelagic bivalves.
These palaeoenvironments are typical
for the entire Mediterranean and are
known as the “Ammonitico rosso”
(Dodona 1973; Xhomo el al. 1975; Fig.
2).

Above the “Ammonitico rosso”
horizon, there are pink mudstone
deposits are interbedded with
siliceous layers and lenses (Fig. 2).
These formations belong to the
Middle Jurassic and lie successively
above the “Ammonitico rosso”
horizon. However, in the northern part
of the studied area, they overlie on
the Upper Triassic and Lower Jurassic
formation. This indicates that at the
time of their deposition the basin was
not uniform but was formed of horst
and graben structures.

Above the Middle Jurassic deposits
lie the Upper Jurassic formation.

As seen in figure 2, these are
represented mainly by radiolarites
(siliceous, radiolarian rocks) with

rare interlayers of wackestone, red
in color and highly silicified. This
formation, as well as those beneath
them, onlap onto the older Triassic —
Lower Jurassic deposits. In the graben
areas, however, they lie in regular
succession above the Middle Jurassic

formation. Their thickness is around
18 m. At the top of the radiolaritic
sequence were identifies species
belonging to Saccocoma sp., which
indicate a Tithonian age (Dodona
1973). Above the radiolaritic siliceous
sequence lies a package of mudstone
and wackestone limestones in which
calpionellids have been found,
indicating an upper Tithonian — lower
Berriasian (Biozone B with Calpionella
elliptica). Further along the section,
these limestones belong to the Lower
Cretaceous (Xhomo 1966).

The Cretaceous sequence of the
Lisen — Spiten unit is represented
by pelagic limestones in condensed
facies, accompanied by numerous
hiatuses in sedimentation, and with
very small thickness of around 23 m.
They usually lie either conformably
or with a hiatus on top of the Upper
Jurassic radiolarites (Xhomo 1966).
In some cases, they lie directly on
the Upper Triassic limestones, and
are represented by turbiditic conglo-
brecciadeposits. Inthe Spiten area, the
Lower Cretaceous sequence consists
of grayish and pink wackestone-type
limestones, and marly limestones
with siliceous lenses and concretions,
especially in the lower part of the
section.

85



Bul. Shk. Gjeol. (Nr. 1/2025)

Ndreko Dh., Lule A., Nazaj Sh.

Upper Triassic limestones with megalodonts

Top of the Lower and Middle Jurassic with ammonites

Onlap of Middle Jurassic deposits over Upper Triassic deposits

Figure 3. View of the deposits part of the study.

Tectonics of the studied area

The Lisen — Spiten unit represents a
submerged uplift within the Krasta
— Cukali zone. In comparison with
the other part of this tectonic zone,
the deep — marine sediments have
reduced thickness and less turbiditic
material (Xhomo et al. 2002). In the
Guri i Zi — Vau i Dejés region, the
Lisen — Spiten unit overthrusts the
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flysch of the Krasta subzone (Upper
Cretaceous — Eocene), whereas to the
east, it is overlain by the ophiolites of
the western belt of the Mirdita Zone
(Middle — Upper Jurassic age).

In the Manati — Spiten sector, this unit
is tectonically bounded to the west
by the Eocene flysch of Krasta, and
to the east it’s overthrusted by the
Krasta subzone, emerging in Manati
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area in the form of a tectonic window.
In general, in all its exposure, the unit
appears as a series of monoclines
with eastward dips of about 35°-
40° (Xhomo et al. 2002), which are
fragmented into blocks by transverse
tectonic faults.

Within the Spiten structure, based
on field observation data, several
tectonic faults of rifting nature have
been observed, (Fig. 2). In this region,
the phenomenon of rifting is evident,
with a number of complex structures,
mainly horsts and grabens, where
younger deposits onlap older ones.
This phenomenon has also been
observed in the lonian zone (Ndreko &
Nazaj 2019).

As acknowledged, the Albanides
margin (the eastern part of the
Adria microplate; Fig. 3) reached its
maximum extension in the Early and
Middle Jurassic, and at that time, the
tectonic zones that are documented

within this study became established.

At the end of the Lower — Middle
Jurassic in the Lisen — Spiten unit,
there are some tectonic faults
where some horsts and grabens are
observed, where horsts serve as
elevated parts and grabens as basins.
In the elevated parts there was almost
no deposition, while in the grabens
we had sedimentation. This is very
clear in the investigated area, where
the deposits of the Toarcian age
belonging to the “Ammonitico rosso”
facies, overlie the older deposits of
the Triassic age. A similar situation is
also for the deposits of the Middle
Jurassic, the limestone’s succession
and the radiolaritic package (Fig. 2).
This situation has continued until the
Early Cretaceous where limestones
with tintinnids deposited (they onlap)
on the older Triassic deposits and
perhaps also the deposits of the Lower
— Middle Jurassic.

lonian Kruja Zone
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Figure 3. Scheme of the Albanides at the end of the Early — Middle Jurassic (after
Ndreko 2021).
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Geological sketch of
Spiten area

.
Early - Middle |
Jurassic

.

Late Triassic

—

Figure 4. a) Relationships between geological structures before rifting (Triassic —
Lower/Middle Jurassic) and after rifting (Toarcian to Cretaceous); b) Geological sketch
showing the relationships between pre-rifting deposits (Triassic — Lower Jurassic) and

post-rifting deposits (Toarcian to Cretaceous) that onlap the pre-rifting horsts

CONCLUSIONS

The Lisen — Spiten unit is part of the
Krasta-Cukali tectonic zone and has
a complicated geological structure,
where two lithofacies are present
corresponding to two different
depositional  environments.  The
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shallowwaterdepositsarerepresented
by thick — bedded limestones rich in
calcareous algae and megalodonts,
whereas the pelagic deposits are
represented by radiolaritic limestones
and ammonite — rich limestones
belonging to the “Ammonitico rosso”
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facies. The tectonic faults formed
during the Lower and Middle Jurassic
rifting period played an important role
in the formation of horst- and graben
type geological structures in the Lisen

belonging to the “Ammonitico rosso”
facies, as well as the Middle and Upper
Jurassic deposits (and possibly those
of the Lower Cretaceous), onlap onto
older deposits of the Upper Triassic

— Spiten unit, and they controlled and Lower — Middle Jurassic.
the sedimentation of the various
deposits and the existence of various
lithofacies. Changes in sedimentation
are clearly observed in the region.

The deposits of the Toarcian stage

Aknowledgments: We thank the
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manuscript.
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Abstrakt. Ky artikull fokusohet né studimin biostratigrafik té nanofosileve gélgerore nga
njé prerje pjesé e Formacioni “Mergelet me Chama” (Baseni Shqiptaro — Thsessalian).
Me qéllim realizimin i kétij studimit jané mbledhur 56 kampioné té cilét jané pérgatitur
sipas metodave standarde dhe jané analizuar né mikroskop pér pérmbajtjen e nanofo-
sileve gélgerore. Ky punim nxjerr né pah rezultate té réndésishme biostratigrafike pérsa
i pérket bashkéshogérimeve té nannofosileve gélgerore, pranisé sé specieve treguese
té moshés pér intervalin Rupelian — Hatian dhe pérmiréson kuadrin e pérgjithshém bi-
ostratigrafik duke ofruar té dhéna té reja lidhur me zonén e studiuar. Duke u bazuar né
praniné e specieve treguese, depozitimet e studiar jané pérfshiré né zonat NP24/CP19a
té skemave standarde té nanofosileve gélgerore, zona té cilat u pérkasin njé interval
kohor Rupelian i vonshém — Hatian i hershém.

Fjalé kyge: biostratigrafi, Oligocen, nanofosileve gélgerore, mali Morava, Baseni Sh-
giptaro — Thsessalian.

HYRJA
Nanofosilet gélgerore kané njé e marré dhe pércaktimi i biozonave
réndési té vecanté né studime moshoresipasskemavebiostratigrafike

biostratigrafike, pér pércaktimin e ndérkombétare.
moshés sé sedimenteve, dhe shtrihen
né njé hapésiré kohore nga Triasiku
i vonéshém deri né kohét e sotme.
Ky grup pérfshin mikrofosilet e
pérbéra prej karbonatit té kalciumit,
me madhési mé té vogél se 63 um
(mikron). Ky grup shfaqnjéshpérndarje
biogjeografike mé e larmishme né
gjerésité e uléta, ndérsa mungon mbi

Studimet mé té fundit mbi nanofosilet
gélgerore nga Shqipéria jané béré
né depozitimet molasike té Basenit
Shqgiptaro — Thessaliane né rrethinat
e qytetit té Korgés (fshatrat Mborja,
Drenova, Mirasi, Dardha) dhe kapin
njé interval nga Rupeliani i mesém
deri ne Miocenin i mesém (Kallanxhi

70° né gjerésité mé té larté.

Qéllimi i kétij artikulli ka qgéné
studimi biostratigrafik i nanofosileve
gélgerore nga njé profil me moshé

oligocenike, pjesé e Formacionit
“Mergelet me Chama”, idenfitifikimi
i specieve treguese, analizimi i

bashkéshogérimeve nga kampionét

et al. 2016; Kallanxhi 2020; Kallanxhi
& Young 2020; Kallanxhi 2023). Mosha
e depozitimeve Oligocene té zonés sé
Moravés éshté pércaktuarnéshumicén
e rasteve me ané té makrofosileve dhe
foraminiferave. Studime krahasuese
té bashkéshoqgérimeve makrofosileve
té depozitimeve molasike té Basenit
Shgiptaro — Thessalian me ato té

1 SHGJSH, Tirané
madalina_kallanxhi@yahoo.com
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Basenit Mezohelenike (Harzhauser
2004; Pashko 2018), té zonés veriore
té Italisé (depozitat Sangonini) dhe
té Francés (“Marnes a Huitres” nga
Baseni i Parisit) sugjerojné mosha,
paleomjedise dhe kushte depozitimi
té njéjta né Rupelian (Pashko 1981,
2018). Sipas Pashko (2018) kufiri
Rupelian/Chattian pérkon me njé
ndryshim litologjik, thellim té basenit
dhe ndryshim i bashkéshogérimeve té
makrofaunés. Kushte paleomjedisore
detare té geta kané egzistuar né
Hatianin i hershém, gjaté depozimit
té Formacionit “Mergelet me
Chama” ndérsa né vazhdim gjaté
sedimentimit té Formacionit Plasa,
jané dokumentuar kuste té ndryshme

detare me ujéra mé té cekta dhe
me prurje materiale terrigjene té
vazhdueshme (Pashko et al. 1973),
té cilét reflektohen né litologjiné me
ndérthyrrje ranorésh kokérr trashé.
Me ané té nanofosileve gélqgerore,
Kumati et al. (1997) kané sugjeruar
se depozitimet e kétij formacionit
jané pérfshiré né intervalin Rupelian i
vonshém té Zonés NP24, jo Hatian.

NDERTIMI GJEOLOGJIK

Zona e studiuar éshté pjesé e zonés
sé Moravés (Fig. 1), pjesé pérbérése
té Basenit Shgiptaro — Thessalian
(Bourcart 1922; Pashko et al. 1973;
Pashko 1996, 2018; Xhomo et al.
2002).
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Figura 1. Vendodhja e prerjes Rruga e Dardhés 1 (pjesé e planshetés sé Dardhés).
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Litostratigrafia e depozitimeve té
Oligocenit

Depozitimet Oligocenike mbivendosen
transgresivisht  mbi  shkémbinjté
ultramafiké dhe sedimentet me
moshé luteciane, né anén lindore dhe
jug — lindore té Moravés dhe basenet
e tjera né peréndim, veri dhe veri
— lindje. Né zonén e Moravés kéto
sedimente pérmbajné makrofauné

dhe mikrofauné karakteristike
pér intervalin Rupelian — Hatianin
dhe korrelohen me depozitime

sedimentare nga Italia dhe Greqia
(Pashko et al. 1973; Pashko 2018).
Depozitimet mé té vjetra Oligocene
i jané caktuar Rupelianit t&¢ mesém -
té vonshém (Bourcart 1922; Nowack
1929; Pashko et al. 1973; Pashko
1977, 1981, 2018; Xhomo et al.
2002) dhe pérfshin tre fomacione:

Formacioni Mborja — Dishnica i
pérbéré nga konglomerate me
zaje shkémbinjsh ultrabaziké dhe

gélgeroré, té ndérthurrur me ranoré
masivé dhe pllakoré kokeérrtrashg;
Formacioni qymyrmbajtés i Drenovés
me mergele, argjila, shtresa qymyri
dhe makorfosile karakteristike dhe
Formacioni Drenica me gélgeroré me
koralé, ranoré, konglomeraté dhe
alevrolite. Kati Hatian pérfshin dy
formacione: Formacioni “Mergelet me
Chama” (mergele, argjila alevrolitore
me makrofosile) dhe Formacioni
ranorik Plasa (me ndérthurrje ranoré
pllakoré, alevrolite dhe mergele gé
pérmbajné gjethe fosile).

Formacioni “Mergelet me Chama”

Né zonén e Moravés, ky formacion
dallohet nga prania e depozitimeve

mergelore — alevrolitore té cilét
mbivendosen  transgresivisht mbi
sedimentet e moshés Rupeliane

(Bourcart 1922; Pashko et al. 1973;
Pashko 1977, 1981, 2018; Xhomo et
al. 2002). Ky formacion ka njé shtrirje
duke filluar nga fshati Plasa né veri deri
jug té rrugés Boboshticé — Dardhé.
Prerja tipike ka njé trashési prej 86
m dhe éshté pérshkruar nga fusha e
Mborjes, pérgjaté lumit té Mborjes.

Té dhénat fosile tregojné praniné
e bivalvoréve si Chama granulosa,
pectinide, skafopode dhe gjithashtu
edhe foraminifere bentonike dhe
planktonike (Pashko et al. 1973;
Pashko 2018). Bashkéshogérimet
makrofosile té Hatianit jané krahasuar
me ato té Italisé sé veriut, Hungarisé
dhe Ultésirés Mezohelenike né Greqi
(Pashko et al. 1973; Pashko 1977,
1981, 2018). Prania e foraminiferave si
Lepydocyclina dilatata dhe Operculina
complanata si dhe mungesa e species
Nummulites fichtelli, sugjeron njé
moshé Oligocene (Hatian i hershém)
pér depozitimet e Formacionit
“Mergelet me Chama” (Pashko et al.
1973; Pashko 1977, 1981, 2018).

Kumati et al. (1997) ka pércaktuar duke
u bazuar né praniné e foraminifereve
planktonike, njé moshé Rupelian i
vonshémdhe Zona Globorotalia opima
opima (me Globigerina ciperoensis
angulisuturalis), ndérsa nanfosilet
gélgerore jané pércaktuar si té Zonés
me Sphenolithus distentus. Sipas kétij
studimit, kufiri Rupelian/Hatian éshté
pércaktuar né pjesén e sipérme té
kétij formacionit.

METODOLOGIJIA

Pérshkrimi i prerjes “Rruga e Dardhés
1” (RD-1)

Prerja “Rruga e Dardhés 1” éshté
pjesé e Formacionit “Mergelet me
Chama” dhe gjendet né anén e majté
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té rrugés gé shkon pér né fshatin e
Dardhés (Fig. 1), pérballé kompleksit
Alpin (40°32’3.93” N, 20°47'28.36”
E). Litologjia pérfagésohet nga
mergele — alevrolite gri né té kaltér
me ndérthurrje té ralla dhe té holla
ranoré kokérr imét, me pérjashtim té
disa intervaleve ku kéto ranoré arriné
deri né 10 — 15 cm trashési. Trashésia
e studiuar éshté rreth 28 — 30 m. Né
té gjithé trashésiné e profilit takohen
makrofosile si bivalvore, gastropode
dhe korale (Fig. 2) dhe Operculina
complanata. Jané marré gjithsej 56
prova né intervale prej 0.10 m, 0.20
m, 0.30 m, 0.40 m, 0.50 m deriné 1 m
maksimumi (profili éshté publikuar né
Kallanxhi & Young 2020).

Bashkéshogérimet makrofosile té
késa prerje jané karakteristike pér
intervalin e Oligocenit té mesém
dhe mund té krahasohen me ato
té Basenit Mezohelenik (Greqi;
Harzhauser (2004) dhe té Italisé sé
Veriut. Bivalvorét dhe gastropodét e
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mbledhur pérfagésohen nga specie
karakteristike pér mjedise mé té cekta
si Crassatella, Corbula, Cordiopsis,
Venericardia, specie epibentike si
Chama dhe Costellamussiopecten,
dhe njé specie bentike Pholadomya.
Specia mé abundente pérgjaté prerjes
éshté Chama tongriana. Speciet e
indentifikuara té bivalvoréve (Fig.
2) né kampionét e mbledhur jané:
Costellamussiopecten  cf.  deletus,
Crassatella carcarensis, Crassatella
neglecta, Venericardia cf. laurae,
Cordiopsis incrassatus, Trisidos
albanica dhe Pholadomya puschi,
ndérsa té gastropodeve jané:
Stellaria ornatoparva, Ampullinopsis
crassatina, Turritellacf.incisa, Turritella
sp., Haustator asperula, Distorsio
sp., Lithoconus ineditus, Amalda cf.
anomala etj. Bashkéshoqgérimet e
foraminiferave (Fig. 2) pérfagésohen
nga specie bentike krahas formave té
médha Operculina complanata e cila
gjendet né ¢do kampion i marré.
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Zong kontakti midis Fm. Drenica
dhe Fm. Mergele me Chama.
Depozitime argjilore, alevrolitore,
ranoré kokeérrtrashé vende vende.
Rupelian - Hatian.
Makrofosile (bivalvoré, gastropodé o

dhe korale). [ I R B B I A 14 15

Chama tongriana
Roveretto, 1898 (RD-1/29a)

Fm. Mergele me Chama

‘ordiopsis incrassatus
Nyst, 1836

Lithoconus ineditus Michelott, 1361
gniart, 1823 (RD-1/542)

Haustator asperula Brong
(RD-1/54a)

1 mm

100 ym

Operculina complanata Defrance,
1822 (RD-1/43) Cibicidoides sp. (RD-1/40)
Hanzawaia boueana

Spiroloculina sp. (RD-1/46) &Orbigny, 1846 (RD-1/57)
rbigny, 1846 (RD-1/

Bolivina cf. semistriata nobilis
Hantken, 1875 (RD-1/43)

Figura 2. a) Zoné kontakti midis Formacionit Drenica dhe Formacionit Mergelet
me Chama, né rrugén Boboshticé — Dardhé. Makrofosile nga pjesa e poshtme té
Formacionit “Mergelet me Chama” (x=4482405, y=4489390); b) Depozitime mergelore
— alevrolitore té Fm. Mergelet me Chama me pérmbajtje té larté makrofosilesh dhe
foraminfera (x=4482375, y=4488925; ndodhet pérballé restorantit Alpin) (Fotot e
nanofosileve: M-E. Kallanxhi; fotot e makrofosileve: O. Mandic; fotot e foraminiferave:
A. Dica).
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Metodat e pérdorur pér pérgatitjen
dhe analizimin i provave

Nanofosilet jané studiuar nga preprate
mikroskopike té cilét jané pérgatitur
sipas metodés standard sé pérshkruar
né Bown & Young (1998) dhe jané
analizuar me mikroskopin me drité
té polarizuar me njé objektiv me vaj
(100x) dhe njé zmadhim té fushés prej
té paktén 1000x, né fushé té errét
e polarizuar (XPL — cross polarised
light), né fushé e ndricuar (BF — bright
field), nén lente gipsi (GP — gypsum
plate) dhe nén kontrast (PC — phase
kontrast).

Pér mbledhjen e té dhénave nga
kampionét, jané pérdorur metoda
sasiore dhe gjysém sasiore té
numeérimit té nanofosileve nga njé
bashkéshogérim prej té paktén 100
deri né 300 individésh/prové (Bown
& Young 1998), pastaj pérgindjet e
specieve jané trajtuar né programin
Excel dhe diagramat e ndryshme
dhe né programin statistikor PAST
(Hammer et al. 2001). Numérim té
vecanté dhe matje biometrike jané
béré pér specien e rallé Helicosphaera
minima (Kallanxhi & Young 2020).

Mikrofotografité jané béré me njé
kameré dixhitale (Canon PC1201) té
instaluar né mikroskop. Taksonomia e
pérdorur éshté sipas Perch-Nielesen
(1985), Young (1998) dhe fagjes sé
internetit Nannotax3 (http://www.
mikrotax.org/Nannotax3).

Skemat standarde biostratigrafike
té nanofosileve gélgerore  pér
intervalin kohor (Oligocen) i studiuar
té cilat u pérshtaten edhe rajonit
ku ndodhet studimi jané Martini
(1971) dhe Okada & Bukry (1980) té
cilét bazohen né shfagjen (FO — first
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occurence) dhe zhdukjen (LO — last
occurence) e specieve treguese, té
mbéshtetura edhe nga disa ngjarje
té tjera dytésore. Vlerésimi i cilésisé
sé nanofosileve ndjek koncepte sipas
Roth & Thierstein (1972) dhe né kété
rast éshté vlerésuar si e moderuar né
té miré.

REZULTATET DHE DISKUTIMI

Bashkéshogérimet e nanofosileve
gélgeroré

Bashkéshogérimi i  nanofosileve
gélgeroré né profilin Rruga e Dardhés
1 pérmban 47 specie autohtone
(Fig. 3), 19 specie té ripunuara nga
Paleogjeni dhe 12 specie té ripunuara
nga Kretaku.

Speciet e nanofosileve gélgerore
autohtone mé abundente jané:
Cyclicargolithus floridanus,
Reticulofenestra minuta,
Reticulofenestra  gr.  3-5um, R.

bisecta, Coccolithus pelagicus dhe
Sphenolithus moriformis. Né sasi mé té
vogla gjenden speciet: Zygrhablithus
bijugatus bijugatus, Reticulofenestra
dictyoda, Cyclicargolithus abisectus,
Helicosphaera minima, Sphenolithus
predistentus, Reticulofenestra
stavensis, Clausicoccus fenestratus,
C. subdistichus and  Hughesius
tasmaniage. Specie té tjera té
pranishme né sasi shumé té vogla,
té renditura sipas alfabetit jané:
Acanthoica sp., Braarudosphaera
bigelowii,  Calcidiscus  gallagheri,
Calcidiscus sp., Clausicoccus sp.,
Coccolithus miopelagicus, Discoaster
deflandrei, Discoaster sp., llselithina
fusa, Helicosphaera euphratis, H.
intermedia, H. obliqua, H. perch-
nielseniae, H. recta, Helicosphaera
sp., Micrantholithus sp., Pontosphaera
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cf. enormis, P. multipora,
Reticulofenestra daviesii, R. lockeri,
Sphenolithus ciperoensis, S. conicus,
S. distentus, S. dissimilis, S. tawfikii,
Sphenolithus sp., Triquetrorhabdulus
carinatus, Umbilicosphaera jafari and
Zygrhablithus bijugatus maximus.

Bashkéshogérimet e nanofosileve
gélgerore pérmbajné né pérgindje
mé té larté specien Cyclicargolithus
floridanus, e cila ka njé vleré mesatare
prej 39.79 % (me vlerén minimale
prej 14.14 % né provén RD-1/58 deri
né vlerén maksimale prej 69.23 %
né provén RD-1/25). Specie té tjera
abundente jané Reticulofenestra
minuta me njé pérqindje prej 21.02 %
(nga 5.61 % né RD-1/26 deri né 39.06
% né RD-1/06) dhe Reticulofenestra gr.
3-5 um me vetém 10.59 % (nga 0 % né
RD-1/25 deri né 25.45 % né RD-1/52).

Né kété prerje vihet re njé rritje té
sasisé sé species Reticulofenestra
bisecta (mesatarja prej 7.52 %, me
vlerén maksimale prej 23.58 % né
RD-1/27), krahas me profilet e tjera
té té njétés moshé. Grupi i specieve
té Sphenolithus spp. gjendet né
vlera mesatare prej 5.51 %, me vlera
midis 0.86 % (RD-1/19) deri né 14.29
% (RD-1/28), ndér kétyre specia
mé abundente éshté Sphenolithus
moriformis me njé vleré mesatare

prej 3.74 %. Speciet e tjera té cilat
gienden né sasi mé té vogla nén 5
% jané: Coccolithus pelagicus (njé
mesatare prej 3.83 %), Sphenolithus
sp. (3.74 %), Helicosphaera spp. (1.61
%) dhe Reticulofenestra dictyoda me
pérmasa 3-5 um (mesatare prej 1.23
%). Bashkéshogérime té ngjashme
nanofosile pérmenden nga Vathi
(1989) dhe Vathi & Budri (1990)
nga depozitimet e Zonés Jonike né
Shqipéri.

Né kété profil edhe né prerjet e tjera
Oligocenike té zonés sé Moravés
(Kallanxhi 2020; Basenit Shgiptaro
— Thessalian, Shqipéri) té pérfshira
né Zonén NP24 — Sphenolithus
distentus, éshté zbulluar njé takson
jashtézakonisht i rrallé, Helicosphaera
minima (Kallanxhi & Young 2020),
duke e béré kété shfagjen e dyté
né boté. Kallanxhi & Young (2020)
kané kryer analiza morfometrike né
ekzemplaré té pérzgjedhur nga kjo
prerje dhe dy té tjera té késaj mosheje
dhe, si pérfundim kané pércaktuar
madhésiné dhe karakteristikat
morfologjike e késaj specie. Gjithashtu,
sipas kétij studimi, diapazoni i njohur
kohor i késaj specie u zgjerua nga
NP22 (Rupeliani i hershém) né NP24
(Rupeliani i vonshém — Hatian i
hershém).
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Cyclicargolithus floridanus (RD-1/60,  Reticulofenestra cf. bisecta (RD-1/49, Reticulofenestra bisecta (RD-1/51, Reticulofenestra stavensis (RD-
XPL, shkalla 2um) XPL; shkalla 2um) XPL; shkalla 2um) 1/59, XPL, shkalla 2um)

Clausicoccus fenestratus (RD-1/50,  Clausicoccus subdistichus (RD-1/53, Hughesius tasmaniae (RD-1/49, GP, Pontosphaera cf. enormis (RD
XPL, shkalla 2um) XPL, shkalla 2um) shkalla 2um) 1/60, XPL, shkalla 2um)

Triquetrorhabdulus carinatus (RD-1/42, XPL,
shkalla 2um)

Zyg it i moriformis (RD-1/60, XPL, ~ Sphenolithus predistentus (RD-1/54,  Sphenolithus ciperoensis (RD-1/42,
(RD-1/42, XPL, shkalla 2um) shkalla me XPL, shkalla 2um) XPL, shkalla 2um)
Sphenolithus ciperoensis (RD-1/40, Sphenolithus distentus (RD-1/54, XPL and GP, i njejti specimen, Sphenolithus predistentus (RD-1/54,
XPL, shkalla 2um) shkalla 2um) XPL, shkalla 2um)

Figura 3. Nanofosile gélgerore nga prerja Rruga e Dardhés 1, Formacioni “Mergelet me
Chama” XPL —fushé e errét; GP — lente gipsi).
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Biostratigrafia e specieve treguese
pér Oligocenin

Duke u bazuar né praniné dhe
bashkéshogérimin i specieve treguese
kryesore (Fig. 4) si: Sphenolithus
ciperoensis, S. distentus dhe S.

(Martini 1971), nénzona CP19a -
Cyclicargolithus  floridanus  (Bukry
& Okada 1980), Zona Sphenolithus
distentus (Vathi 1989), dhe pjesérisht
né pjesén e sipérme té zonés
CNO4 - Sphenolithus distentus/S.
predistentus CRZ (Agnini et al. 2014;

predistentus, s?.ebash ku me speciet Rz — Concurrent Range Zone).
treguese dytésore  (Pontosphaera njosha e pércaktuar e zonés NP24
cf. enormis dhe Triquetrorhabdulus  gshta Oligocen i hershém — i vonshém
cq.r/na?u"s), .[.)I‘Oﬁh i stgdluar. eshte (Rupelian i vonshém — Hatian i
pérfshiré né zonén blostratjgraﬁke hershém).
NP24 — Sphenolithus distentus
2 355
2lel 1282 rami ) I . ) " )
2| Sl=|2SE amilja Sphenolithaceae Familja t Familja P p Familja Ceratolithaceae
S| &S % g:;a gjinia Sphenolithus gjinia Helicosphaera gjinia Pontospt gjinia Triquetrorhabdul
ﬁ o=
23 2303 NN 4 A ‘ A
24+ E é o
2 S &
R 8 § g
254 | |E| | -
64 |E $ 5 z
[
— (%] B
74 =
(&) RD-1/61 = shkalla (scale 2um)
o RD-1/2 (shkalla 2pm) :
26- gzmz (shkalla 2m)
o
294 RD-1/55 =
s (shkalla 2um) (shkalla 2ym) RO-1/54 (shkalla 2um) [ RD-1/58 (shkalla 2um)
04 &
g e
E D,1/54
314 - (shkalla 2ym)
304 | 4
i Diapazoni kohor e njé specie me shfage ~ , Prania
!LO (Zhdukja e njé specie marker) ?LO (Zhdukja e njé specie) & FO (Shfagja e njé specie) # poshté kétij intervalit dhe/ose zhdukje i (sipas kétij
e mévonshme studimit)

Figura 4. Skema biostratigrafike e specieve treguese té nanofosileve gélgerore nga
prerja Rruga e Dardhés.
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Mbivendosja kohore e intervalit té
species Sphenolithus predistentus,
e cila shfaget né Lutecian (Zona
NP16) dhe zhduket né aférsi té
tabanit té zonés NP24, me specie
té tjera treguese si S. distentus dhe
S. ciperoensis, e bén kété njé specie
shume e réndésishme pér tu marré
né konsideraté pér biostratigrafiné e
Oligocenit. Né skemén biostratigrafike
té Agnini et al. (2014), kjo specie
pérdoret pér idenfitikimin i tabanit
té zonés CNO4 - S. distentus/S.
predistentus CRZ (26.93 Ma), i cili bie
né pjesén e sipérme té Zonés NP24,
poshté nivelit té zhdukjes sé species
S. distentus. Taksoni Sphenolithus
predistentus ka njé prani pothuajse pa
ndérprerje pérgjaté késaj prerje.

Shfagja e species Sphenolithus
distentus né Rupelian, né pjesén e
sipérme té zonés NP23 té Martini
(1971), éshté kalibruar né 30.0
Ma nga Agnini et al. (2014) dhe
korespondon me bazén e zonés CNO4
— S. distentus/S. predistentus CRZ,
dhe me bazén e zonés CP18 té Okada
& Bukry (1980). Niveli i zhdukjes sé
kétij treguesit éshté né Hatian, né
kufirin midis zonave NP24/NP25 dhe
nénzonave CP19a/CP19b (Bukry 1973,
1975). Ky nivel pérkon edhe me bazén
e nénzonés MNP25a — Sphenolithus
ciperoensis PRZ té Fornaciari & Rio
(1996).

Njé tjetér specie treguese pér
Oligocenin éshté Sphenolithus
ciperoensis, shfagja e sé cilés pérdoret
pér té idenfikuar bazén e zonés NP24
té Martini (1971), ndérsa zhdukja
e saj tregon tabani i Zonés NP25.
Sipas Martini (1971), zona NP25
korespondon me Hatianin i mesém —
i vonshém dhe korelohet me zonén
CP19b té Okada & Bukry (1980). Kjo

100

specie shfaget edhe né profilin Rruga
e Dardhés 1, por éshté i rrallé dhe né
sasi shumé té vogla. Agnini et al. (2014)
kalibron zhdukjen e kétij taksoni né
24.36 Ma, né kufirin midis zonave
CNO5/CNO6 né Hatian. Zhdukja e
S. ciperoensis éshté njé interval i
besueshém né zonén Mesdhetare
(Fornaciari & Rio 1996) dhe né rajonet
gé gjenden né latituda té ulta dhe té
mesme (Perch-Nielsen 1985; Wei &
Wise 1989).

Specie té tjera treguese té cilat
kontribuojné né biostratigrafiné e
Oligocenit jané Triquetrorhabdulus
carinatus, i cili shfaget né pjesén e
poshtme té zonave of NP25/CN19b
né Hatian dhe Helicosphaera obliqua
(FO né zonén NP24; Young 1998).
Kéto specie jané té pranishme né kété
studim, por jo me frekuencé té madhe.
Specia Pontosphaera cf. enormis
éshté shumé e rrallé né kampionét e
analizuar, por duke marré parasysh se
kjo specie shfaget né aférsi té kufirit
midis biozonave NP24/NP25 (Martini
1981), konsiderohet njé ngjarje e
réndésishme né rajone té cilét nuk
kané lidhje té vazhdueshme me detitn
i hapur.

PERFUNDIME

Nanofosilet gélgerore jané studiuar
nga prerja Rruga e Dardhés 1, pjesé
e Formacioni “Mergele me Chama”
né zonén e sedimentimit t& Moravés
(Baseni Shqgiptaro — Thessalian, Korgé).
Né pérfundim té kétij studimit jané
pércaktuar:

e Bashkéshogérimet e nanofosileve
gélgerore, té cilét pérmbajné 47
specie autohtone, 19 specie té
ripunuara nga Paleogjeni dhe 12
specie té ripunuara nga Kretaku.
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e Jané identifikuar speciet treguese mundésua népérmjet grantit “Sectorial
kryesore pér intervalin moshor i Operational ~ Program  for = Human
studiuar té cilét jané: Sphenolithus ~Resources Development 2007-2013, i
predistentus, Sphenolithus mbéshtetur nga “European Social Fund”
distentus, Sphenolithus ciperoensis, projeki POSDRU/159/1.5/5/132400,

. me titull ”Young successful researchers
Pontosphaera cf. enormis dhe &

. habdul . — professional development in an
Triquetrorhabdulus carinatus. international and interdisciplinary

environment”, dhe bursés “Erasmus+

e Zonat standarde NP24 - . . e, o
h lithus di dh traineeship mobility” né periudhén Mars—
Sphenolithus distentus e CP19a Qershor 2016, né Montanuniversitat

B "Cyc/ica'rgolftf.l.us ﬁoridanUf t? Leoben, Austri. Njé falénderim té vecanté
cilet sugjerojné njé moshé té &shté pér Drs. Oleg Mandic and Mathias

pérgjithsme Rupelian i vonshém —  Harzhauser nga Muzeumi i Shkecanve té
Hatian i hershém. Natyrés Vjené (Austria) pér mbéshtetjen

e tyre né pérpunimi, analizimi dhe

e Ky studim lejon hapésiré né fotografimi i makrofosileve (bivalvore

té ardhmen pér studime té dhe gastropode), pér Patrick Bukenberger

métejshme dhe korrelime me (Department of Palaeontology, University

grupe té tjera fosile. of Vienna) pérgatitjen e foraminiferave

dhe pér Alexandru Gabriel Dica i cili ka

Falénderime. Ky studim &shté pjesé e mbéshtetur me analizimin dhe fotografite
tezés sé doktoraturés sé autores dhe u e foraminiferave.
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Abstract. The goal of this article was the biostratigraphic study of calcareous nannofos-
sils from a section of the “Marls with Chama” Formation (Albanian — Thessalian Basin).
56 samples were collected and prepared according to standard methods, and analysed
under a light microscope for their calcareous nannofossils content. This paper highlights
important biostratigraphic results regarding the associations of calcareous nannofos-
sils, the presence of various marker species for the Rupelian — Chattian time interval
and improving the overall biostratigraphic framework of the area, by providing new
biostratigraphical data. Based on the presence of calcareous nannofossils index species,
the studied deposits were assigned to the NP24/CP19a standard zones spanning an in-
terval from late Rupelian to early Chattian.

Keywords: biostratigraphy, Oligocene, calcareous nannofossils, Morava Mountain, Al-
banian — Thessalian Basin.

INTRODUCTION

Calcareous  nannofossils are a collected samples and the biozones
very important microfossil group assighment according to international
of particular importance in  biostratigraphic schemes.

biostratigraphic studies, for sediments
age assignment, and extend over
a time span from the Late Triassic
to present. This group includes
microfossils composed of calcium
carbonate, with a size smaller than
63 um (microns). They display a more
diverse biogeographic distribution at
lower latitudes, while they are absent
at over 70° at higher latitudes.

The most recent studies on calcareous
nannofossils from Albania have been
carried out in the molassic deposits of
the Albanian — Thessalian Basin in the
vicinity of the city of Korga (villages
Mborja, Drenova, Miras, Dardha) and
cover an interval from the middle
Rupelian to the middle Miocene
(Kallanxhi et al. 2016; Kallanxhi 2020;
Kallanxhi & Young 2020; Kallanxhi

The aim of this paper has been the
biostratigraphic study of calcareous
nannofossils from Oligocene
sediments belonging to atransect, part
of the “Marls with Chama” Formation,
the identification of index species,
the analysis of associations from the

1 SHGJSH, Tirané
madalina_kallanxhi@yahoo.com

2023). The age of the Oligocene
deposits of the Morava area has
been previously assigned based
on macrofossils and foraminifera.
Comparative studies based on the
macrofossil’s assemblages from the
molassic deposits of the Albanian
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- Thessalian Basin with those from
the Mesohellenic Basin (Harzhauser
2004; Pashko 2018), of the northern
part of Italy (Sangonini deposits) and
from France (“Marnes a Huitres”
from the Paris Basin) suggest similar
ages, depositional conditions and
palaeoenvironments  during  the
Rupelian  (Pashko 1981, 2018).
According to Pashko (2018) the
Rupelian/Chattiantransitionin Morava
area coincides with a lithological
change caused by the marine
basin deepening, and the change
in the macrofauna assemblages’
composition.

Calm marine palaeoenvironmental
conditions existed in the early
Chattian, during the deposition of
the “Marls with Chama” Formation,

shallower conditions with continuous
terrigenous material influx have
been documented (Pashko et al.
1973), being reflected through the
lithological changes with coarse-
grained sandstone intercalations.
Earlier studies based on calcareous
nannofossils (Kumati et al. 1997)
suggested that the sediments of
“Marls with Chama” Formation were
deposited during the late Rupelian
interval corresponding to the lower
part of Zone NP24, not during the
early Chattian.

GEOLOGICAL SETTING

The investigated deposits are located
in the Morava sedimentation area (Fig.
1), within the Albanian — Thessalian
Basin (Bourcart 1922; Pashko et al.
1973; Pashko 1996, 2018; Xhomo et

while during the sedimentation
of the Plasa Formation, marine al-2002).
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Figure 1. Geological map of the investigated area showing the location of the transect
Dardha Road 1 (Dardha sheet 1: 25 000; Kallanxhi et al. 2024)
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Lithostratigraphy of the Oligocene
deposits

Oligocene deposits overlain
transgressivelly the ultrabasic rocks
and the Lutetian molasse sediments,
and outcrop on the eastern and
southeastern sides of the Morava area
and other basins to the west, north
and northeast. In the Morava area
these sediments contain macrofauna
and microfauna characteristic for the
Rupelian — Chattian interval, being
correlated with sedimentary deposits
from Italy and Greece (Pashko et
al. 1973; Pashko 2018). The oldest
Oligocene deposits are assigned to
the mid — late Rupelian (Bourcart
1922; Nowack 1929; Adrianova et al.
1961; Pashko et al. 1973; Pashko 1977,
1981, 2018; Xhomo et al. 2002) and
include three formations: the Mborja
— Dishnica Formation represented
by conglomerates and breccia with
ultrabasic and calcareous composition,
interbedded  with massive and
coarse - grained sandstones; the
Drenova coal - bearing Formation
with marlstones, claystones, coal
beads and macrofossils, and the
coral — bearing Drenica Formation
with microconglomerates, massive
sandstone and siltstones.

The Chattian stage includes two
formations:  the  “Marls  with
Chama” Formation (marlstones, and
siltstones with macrofossils) and the
Plasa Formation (interbedded fine
laminated sandstones, siltstones,
claystones and fossil leaves).

“Marls with Chama” Formation

In the Morava area, this formation
is distinguished by the presence of
laminated marlstones and siltstones

which overlain transgressivelly the
Rupelian sediments (Bourcart 1922;
Pashko et al. 1973; Pashko 1977,
1981, 2018; Xhomo et al. 2002). This
formation extends from the village of
Plasa in the north to the south of the
Boboshtica — Dardha road. The typical
section has a thickness of 86 m and
outcrops in the Mborja area, along the
Mborja river.

Fossil records indicate the presence
of bivalves such as Chama granulosa,
pectinids, scaphopods, and also
benthic and planktonic foraminifera
(Pashko et al. 1973; Pashko 2018). The
Chattian macrofossil's assemblages
from this area have been compared
with those of northern Italy, Hungary,
and the Mesohellenic Basin in Greece
(Pashko etal.1973; Pashko 1977, 1981,
2018). The presence of foraminifera
such as Lepydocyclina dilatata and
Operculina complanata, as well as the
absence of the species Nummulites
fichtelli, suggests an Oligocene (early
Chattian) age for the deposits of
the “Marls with Chama” Formation
(Pashko et al.1973; Pashko 1977,1981,
2018). Kumati et al. (1997) suggested
based on the presence of planktonic
foraminifera, a late Rupelian age
and the Globorotalia opima opima
Zone (with Globigerina ciperoensis
angulisuturalis), while the calcareous
nannofossils have been assigned
to the Sphenolithus distentus Zone.
According to this study, the Rupelian/
Chattian boundary falls within the
upper part of this formation.

METHODOLOGY

Description of Dardha Road 1 profile
(RD-1)

Dardha Road 1 section is part of
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the “Marls with Chama” Formation
and is located on the left side of the
road leading to the Dardha village
(Fig. 1), opposite the Alpine complex
(40°32’3.93” N, 20°47'28.36” E).
Lithologically is represented by gray to
bluish marlstones and siltstone with
thin and rare fine — grained sandstone
intercalations, with the exception of
someintervalswherethese sandstones
reach up to 10 - 15 cm thickness. The
studied interval has a thickness of
about 28 — 30 m. Macrofossils such
as bivalves, gastropods and corals
(Fig. 2) and the foraminifer Operculina
complanata were found throughout
the thickness of the profile. A total
of 56 samples were collected at
intervals of 0.10 m, 0.20 m, 0.30 m,
0.40 m, 0.50 m up to 1 m maximum
(the profile is published in Kallanxhi
& Young 2020). The macrofossil’s
associations of this section are
characteristic for the mid Oligocene
interval and can be compared with
those from the Mesohellenic Basin
(Greece; Harzhauser 2004) and from
Northern Italy.

108

The  mollusk’s  macrofauna s
represented by shallow waters
genera such as Crassatella, Corbula,
Cordiopsis, Venericardia, epibenthic
species such as Chama and
Costellamussiopecten, and a benthic
species Pholadomya. The most
abundant species along the section
is Chama tongriana. The identified
bivalves (Fig. 2) in the collected
material are: Costellamussiopecten
cf. deletus, Crassatella carcarensis,
Crassatella  neglecta, Venericardia
cf. laurae, Cordiopsis incrassatus,
Trisidos albanica and Pholadomya
puschi, while the gastropods are:
Stellaria ornatoparva, Ampullinopsis
crassatina, Turritella  cf. incisa,
Turritella sp., Haustator asperula,
Distorsio sp., Lithoconus ineditus and
Amalda cf. anomala. The foraminiferal
associations (Fig. 2) are represented by
benthic species in addition to the large
specimens of Operculina complanata
which is found in every sample.
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Transitional area from Drenica Fm.
to Marls with Chama.
Claystones, siltstones,

coarse granulated sandstones.
Rupelian - Chattian.

Macrofossils (bivalves, gastropodes

and corals).
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Chama tongriana
Roveretto, 1898 (RD-1/29a)

Marls with Chama Fm.

Cordiopsis incrassatus
Nyst, 1836

Lithoconus ineditus Michelotti, 1861
Haustator asperula Brongniart, 1823 (RD-1/542)
(RD-1/54a)

Operculina complanata Defrance,
1822 (RD-1/43) Cibicidoides sp. (RD-1/40)

Hanzawaia boueana

dOrbigny, 1846 (RD-1/57)

Bolivina cf. semistriata nobilis

Hantken, 1875 (RD-1/43) Spiroloculina sp. (RD-1/46)

Figure 2. a) Contact zone between the Drenica Formation and the Marls with Chama
Formation, along the Boboshtica — Dardha road. Macrofossils from the lower part of
the “Marls with Chama” Formation (x=4482405, y=4489390); b) Marly — silty deposits
of the Marls with Chama Fm. with a high content of macrofossils and foraminifera
(x=4482375, y=4488925; located in front of the Alpine restaurant) (Microphotographs
of nannofossils: M-E. Kallanxhi; photos of macrofossils: O. Mandic; photos of
foraminifera: A. Dica).
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Methods used for preparation and moderate to good.
analysis of calcareous nannofossils

RESULTS AND DISCUSSIONS

Calcareous nannofossils were
prepared according to the standard
technique described in Bown & Young
(1998) and analyzed under a polarized
light microscope with an oil objective
(100x) and a field magnification of at
least 1000x, in cross polarized light
(XPL), bright field (BF), gypsum plate
(GP) and phase contrast (PC).

For data collection from the samples,
guantitative and semi — quantitative
methods were applied by counting
the specimens from an assemblage
of at least 100 to 300 individuals/
sample (Bown & Young 1998). The
percentages were afterwards treated
in Excel and various diagrams were
plotted in the statistical program PAST
(Hammer et al. 2001). Special counting
and biometric measurements
were made for the rare species
Helicosphaera minima (Kallanxhi &
Young 2020). Microphotographs were
taken with a digital camera (Canon
PC1201) installed on the microscope.
The taxonomy used was according to
Perch-Nielsen (1985), Young (1998)
and the Nannotax3 website (http://
www.mikrotax.org/Nannotax3).

The standard biostratigraphic schemes
of for the studied time interval
(Oligocene) adopted | this study
follow the concepts of Martini (1971)
and Okada & Bukry (1980) and are
based on the appearance (FO — first
occurrence) and disappearance (LO —
last occurrence) of indicator species,
supported by several other secondary
events. The calcareous nannofossils’
preservation assessment follows the
concepts of Roth & Thierstein (1972)
and in this case it is assessed as
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Calcareous nannofossils’ assemblage

The calcareous nannofossils’
assemblage from the Dardha Road
1 profile contain 47 autochthonous
species (Fig. 3), 19 reworked species
from Paleogene and 12 reworked
species from Cretaceous.

The most abundant autochthonous

calcareous nannofossil species
are: Cyclicargolithus  floridanus,
Reticulofenestra minuta,
Reticulofenestra  gr.  3-5um, R.
bisecta, Coccolithus pelagicus
and Sphenolithus moriformis. In
smaller quantities the following

species can be found: Zygrhablithus
bijugatus bijugatus, Reticulofenestra
dictyoda, Cyclicargolithus abisectus,
Helicosphaera minima, Sphenolithus

predistentus, Reticulofenestra
stavensis, Clausicoccus fenestratus,
C. subdistichus and  Hughesius

tasmaniae. Other species present in
very low quantities are: Acanthoica

sp.,  Braarudosphaera  bigelowii,
Calcidiscus  gallagheri, Calcidiscus
sp., Clausicoccus sp., Coccolithus

miopelagicus, Discoaster deflandrei,
Discoaster  sp., llselithina  fusa,
Helicosphaera euphratis, H.
intermedia, H. obliqua, H. perch-
nielseniae, H. recta, Helicosphaera
sp., Micrantholithus sp., Pontosphaera
cf. enormis, P multipora,
Reticulofenestra daviesii, R. lockeri,
Sphenolithus ciperoensis, S. conicus,
S. distentus, S. dissimilis, S. tawfikii,
Sphenolithus sp., Triquetrorhabdulus
carinatus, Umbilicosphaera jafari and
Zygrhablithus bijugatus maximus.

The most abundant species is
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Cyclicargolithus  floridanus, which
exhibit an average value of 39.79 %
(with @ minimum value of 14.14 % in
sample RD-1/58 and a maximum value
of 69.23 % in sample RD-1/25). Other
abundant species are: Reticulofenestra
minuta with a value of 21.02 % (from
5.61 % in RD-1/26 to 39.06 % in RD-
1/06) and Reticulofenestra gr. 3-5 um
with only 10.59 % (from 0 % in RD-
1/25 to 25.45 % in RD-1/52).

In this section, it was recorded
an increase in the amount of the
Reticulofenestra  bisecta  (average
of 7.52 %, with a maximum value of
23.58 % in RD-1/27), comparable to
other profiles of the same age. The
Sphenolithus spp. group displays an
average value of 5.51 %, with values
between 0.86 % (RD-1/19) and 14.29
% (RD-1/28), among these the most
abundant species is Sphenolithus
moriformis with an average value of
3.74 %. Other species that are found
in smaller amounts below 5 % are:
Coccolithus pelagicus (an average
of 3.83 %), Sphenolithus sp. (3.74

%), Helicosphaera spp. (1.61 %) and
Reticulofenestra dictyoda with sizes of
3-5 um (average of 1.23 %).

Similar nannofossil associations are
mentioned by Vathi (1989) and Vathi
& Budri (1990) from the lonian Zone
deposits in Albania. In this profile
and in other Oligocene sections of
the Morava area (Kallanxhi 2020;
Albanian — Thessalian Basin, Albania)
included in Zone NP24 — Sphenolithus
distentus, an extremely rare taxon,
Helicosphaera minima (Kallanxhi &
Young 2020), has been discovered,
making this the second occurrence in
the world. Kallanxhi & Young (2020)
have performed morphometric
analyses on selected specimens from
this section and two others of this age
and, as a result, have determined the
size and morphological characteristics
of this species. Also, according to this
study, the known temporal range of
this species was extended from NP22
(early Rupelian) to NP24 (late Rupelian
— early Chattian).
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Cyclicargolithus floridanus (RD-1/60,  Reticulofenestra cf. bisecta (RD-1/49, Reticulofenestra bisecta (RD-1/51, Reticulofenestra stavensis (RD-
XPL, scale 2um) XPL; scale 2pm) XPL; scale zum) 1/59, XPL, scale 2um)

Cli (RD-1/53, Hughesius tasmaniae (RD-1/49, GP, Pontosphaera cf. enormis (RD
XPL, scale 2um) scale 2um) 1/60, XPL, scale 2um)

(RD-1/50,
XPL, scale 2uym)

Triquetrorhabdulus carinatus (RD-1/42, XPL,
scale 2pm)

(RD-1/60, Sphenolithus predistentus (RD-1/54, Sphenolithus ciperoensis (RD-1/42,
XPL, scale 2um) XPL, scale 2pm) XPL, scale 2um)

Sphenolithus ciperoensis (RD-1/40, Sphenolithus distentus (RD-1/54, XPL and GP, same specimen Sphenolithus predistentus (RD-1/54,
XPL, scale 2um) scale 2um) XPL, scale 2um)

7 7 =
(RD-1/42, XPL, scale 2uym)

Figure 3. Calcareous nannofossils from Dardha Road 1 transect, “Marls with Chama”
Formation (XPL — dark field; GP — gypsum lens).
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Biostratigraphy of the Oligocene
marker species

Based on the presence and co-
occurrence of the main marker species
(Fig. 4) Sphenolithus ciperoensis,
S. distentus and S. predistentus,
together with secondary indicator
species (Pontosphaera cf. enormis and
Triquetrorhabdulus carinatus), the
deposits of the studied transect were
assigned to zone NP24 — Sphenolithus

distentus (Martini 1971), to subzone
CP19a - Cyclicargolithus floridanus
(Bukry & Okada 1980), Sphenolithus
distentus Zone (Vathi 1989), and
partly to the upper part of the CNO4 —
Sphenolithus distentus/S. predistentus
CRZ zone (Agnini et al. 2014; CRZ —
Concurrent Range Zone). The age of
the NP24 zone is Early — Late Oligocene
(Late Rupelian — Early Chattian).
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Figure 4. Biostratigraphic scheme of the calcareous nannofossils’ from Road Dardha

1.

The temporal overlap of the ranges
of Sphenolithus predistentus, which
appears in Lutetian (Zone NP16) and
disappears near the base of the NP24
zone, with other indicator species
such as S. distentus and S. ciperoensis,

makes this a very important species
to be considered for the Oligocene
biostratigraphy. In the biostratigraphic
scheme of Agnini et al. (2014), this
species is used to identify the base
of the CNO4 zone — S. distentus/S.
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predistentus CRZ (26.93 Ma), which
falls in the upper part of the NP24
zone, below the extinction level of
the species S. distentus. The taxon
Sphenolithus predistentus has an
almost uninterrupted presence along
this section. The occurrence of the
species Sphenolithus distentus in the
Rupelian, in the upper part of the
NP23 zone of Martini (1971), has
been calibrated at 30.0 Ma by Agnini
et al. (2014) and corresponds to the
base of CNO4 zone — S. distentus/S.
predistentus CRZ, and to the base
of the CP18 zone of Okada & Bukry
(1980). The last occurrence this
marker is in Chattian, at the boundary
between the NP24/NP25 zones and
CP19a/CP19b subzones (Bukry 1973,
1975). This level also coincides with
the base of the MNP25a subzone
— Sphenolithus ciperoensis PRZ of
Fornaciari & Rio (1996).

Another Oligocene marker species
is Sphenolithus ciperoensis, whose
occurrence is used to identify the base
of the NP24 zone of Martini (1971),
while its disappearance indicates the
base of the NP25 Zone. According
to Martini (1971), the NP25 zone
corresponds to the middle — late
Chattian and correlates with the CP19b
zone of Okada & Bukry (1980). This
species also occurs in the Dardha Road
1 profile, but is rare and in very low
guantities. Agninietal. (2014) calibrate
the disappearance of this taxon at
24.36 Ma, at the boundary between
the CNO5/CNO6 zones in Chattian.
The extinction of S. ciperoensis is
considered an important event in the
Mediterranean area (Fornaciari & Rio
1996) and in regions found at low and
middle latitudes (Perch-Nielsen 1985;
Wei & Wise 1989).
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Other indicator species contributing
to the Oligocene biostratigraphy
are Triquetrorhabdulus carinatus,
which occurs in the lower part of the
NP25/CN19b zones in Chattian, and
Helicosphaera obliqua (FO in the NP24
zone; Young 1998). These species are
present in this study, but not with high
frequency. The species Pontosphaera
cf. enormis is very rare in the analyzed
samples, but considering that this
species occurs near the boundary
between the NP24/NP25 biozones
(Martini 1981), it is considered an
important event in regions that do not
have continuous connection to the
open sea.

CONCLUSIONS

Calcareous nannofossils were studied
from the Dardha Road 1 transect, part
of the “Marls with Chama” Formation
in the Morava sedimentary area
(Albanian — Thessalian Basin, Korga).
According to this study the following
were determined:

e Calcareous nannofossil
assemblages, which contain 47
autochthonous species, 19 reworked
species from the Paleogene and 12
reworked species from the Cretaceous.

e The main marker species
identified in the studied time interval
are: Sphenolithus  predistentus,
Sphenolithus distentus, Sphenolithus
ciperoensis, Pontosphaera cf. enormis
and Triquetrorhabdulus carinatus.

e The biostratigraphic assignment
to the NP24 Zone - Sphenolithus
distentus and to CP19a -
Cyclicargolithus floridanus indicate an
age interval from the Late Rupelian to
Early Chattian.
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e This study allows future traineeship mobility” scholarship in
investigations and correlations with the period March-June 2016, at the
other fossil groups. Montanuniversitdit ~ Leoben,  Austria.
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TE DHENA GJEOLOGIJIKE MBI MENYREN E FORMIMIT
TE TRUPAVE KROMITIKE DHE SHKEMBINJEVE RRETHUES
NE MASIVIN E SHEBENIKUT

DASHAMIR GEGAY

1Shérbimi Gjeologjik Shqiptar, Rruga Zef Serembe, Tirané, Albania.
*Autori korrespondent: dashamirg61l@gmail.com; dashamirg@yahoo.com
(Doréshkrim i dorézuar né shtator 2025; i pranuar pér botim né néntor 2025)

Abstrakt. Té dhénat gjeologjike té mara nga punimet e shfrytézimit (kariera, minikariera
dhe néntoké) né venburimet dhe shqaqet e pranisé sé kromit né masivin e Shebenikut,
sidomos pas vitit 2001 kané evidentuar fenomene gjeologjike té tilla si: forma té
ndryshme morfollogjike té trupave xeheroré té kromit, bashkéshoqgérime gjenetike
dunit — kromshpinelit — piroksenit, raste ku trupat e kromit né té njéjtin kohé jané dhe
zona tektonike, vendosje té trupave kromitike sipas akseve té strukturave antiklinale etj.
Kéto té dhéna déshmojne se horizonte té tilla krommbajtése jané dhe zona té fugishme
tektonike, té cilat kané vazhduar té zhvillohen me faza aktivizimi dhe getésie, pothuajse
gjaté gjithé jetégjatésisé sé intruzionit ultramafik. Mbéshtetur né kéto vrojtime té kryera
né masivin e Shebenikut jepen mendime mbi ményren metasomatike té formimit té
dunitéve, kromitéve dhe pirokseniteve. Solucionet qé lindin gjaté progesit parésor té
ngurtésimit té magmes harcburgite si dhe ato gé vijné nga thyrjet e thella, nga ku ka
ardhur magma me pérbérje harcburgitike, jané burim ushqimi i progeseve té mévonshme
metasomatike qé zhvillohen sipas zonave té dobésuara dhe formojné bashkéshoqérimin
gjenetik dunit — kromit — piroksenite.

Fjalé kyge: Procese metosamatike, bashkéshogerimi petrografik dunit — kromit —
pirokseni, mineralizimi kromitik sipas zonave tektonike.

HYRJA

Vendburimet dhe shfaget xeherore
kromitike té masivit ultramafik té
Shebenikut gjaté viteve 1957 — 1960
jané trajtuar siformime té mévonshme
histeromagmatike. Vite mé voné jané
shfaqur dhe mendime mbi mundésine
e formimit né ményré metasomatike
té duniteve dhe kromiteve (Cili 1966,
1867,1972). Té dhénat né vazhdim nuk
pérputhen me pohimet e méparshme
dhe japin informacion mé té ploté mbi
ndértimin e brendéshém té masivit
ultramafik, vendin gé zé né pjesén e
sipérme té tij dunitet, piroksenitet
dhe kromitet.

Mbéshtetur né té dhéna té faktike, né
kété artikull diskutohet petrogjeneza
e shkémbinjéve ultramafiké té masivit
té Shebenikut dhe mé konkretisht
marrédhéniet gjenetike, hapésinore té
dunitéve, kromiteve e piroksenitéve,
seriné damarore gabrore dhe bazaltike
gé vendosen né pjesén e sipérme té
masivit ofiolitik té Shebenikut.

Té dhénat nga tereni, pér njé periudhé
mbi 20 vjegare, kombinuar me
literaturén gjeologjike (Onuzi et al.
2012) tregojné se mbas ngurtésimit
magmatik té pérbérjes harcburgitik
gé sot ndérton pjesét e poshtme té

1 SHGJSH, Tirané

dashamirg61@gmail.com; dashamirg@yahoo.com
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masivit, né njé fazé mé té vonshme,
gjaté daljes né sipérfage té masivit,
jané ngjitur lart né pjesét mé té
sipérme masa té konsiderueshme
gazore dhe ujore té cilat kané cuar né
zhndérrime té médha pak a shumé té
njékohéshme, duke formuar dunitet,
piroksenitet e kromitet, seriné
damarore gabrore dhe bazaltike.

NDERTIMI GJEOLOGJIK

Pozicioni hapésinor né prerrjen
ofiolitike té masivit té Shebenikut
(Fig. 1) té series dunite — kromit —
piroksenit — seri damarore gabrore
dhe bazaltike, déshmojn se né fillim
solucionet volative dhe ujore kané
pasur mé tepér karakter bazik té pasur
me MgO, duke béré zévéndésimin e
piroksenit né harcburgite me oliving,
duke formuar dunitet. Mé pas, masa
volative béhet mé pak bazike duke
formuar kromitet, piroksenitet, seria
damarore gabrore dhe bazaltike (Fig.
2).

Pozita gjeotektonike, pérbérja
minerale, vecorité strukturale si dhe
disa té dhéna té kontakteve dhe
mardhéneive té tyre me shkémbinjté
anésor mé té vjetér déshmojné pér njé
preardhje magmatike té harcburgiteve
si rezultat i kristalizimit autentik té
magmeés me pérbérje ultrabazike,
kjo pavarésisht se ku jané formuar
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(autoktoné apo alloktoné). Karakteri
kryesisht tektonik i marrédhénjeve
té masivit té Shebenikut (Onuzi et
al. 2012) me shkémbinjté anésoré
mé té vjetér si dhe disa shénja
té ndryshiméve petrografike dhe
minerallogjike né pjesét e sipérme té
prerries (kromitet, titanomagnetitet,
sulfuret etj.) jané fenomene té cilat
lidhen me prgeset e deformimit té
mévonshme plikative dhe disjuktive.
Kéto té dhéna déshmojné pér njé
moshé mé té re, por dhe pér ményren
metasomatike té formimit té dunitéve
sé bashku me kromitet, piroksenitet,
verlitet, lercolitet, gabrot etj. (Fig. 2).

Procesi metasomatik i ploté ose
i pjeséshém sipas rastit, ndodh
né  harcburgitet ku  pirokseni
zévéndésohet me olivine, olivina
zévéndésohet me kromitit apo
pirokseni rombik. Pra njé prces i
miréfillté metasomatik i zhndérimit
té harcburgitit né dunit, piroksenit,
kromit etj. Kéta té dhéna tregojné mbi
mundésine e zhndérrimit té njéjtés
ményre té pirokseniteve kryesisht
estatiteve dhe bronziteve né kromite.
Zévéndésimi metasomatik i olivinés me
plagjioklaz né harcburgite dhe dunite,
tregon gjithashtu pér zhndérrim
metasomatik té kétyre té fundit né
gabro dhe gabro olivinike (Fig. 2).
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HARTA GJEOLOGIJIKE SHEBENIKU
Shkalla 1 :25 000

4448000 4449 4450000 4451000 4452000

Shpjeguesi
N2 Miocen i mesem; Konglomerate, ranore, alevrolite.
Formacionii " Librazhdit "
- Jurasik i mesem; Lercalite plagioklazike
Jurasik i mesem; Dunite
- Jurasik i mesem, harcburgite
- Piroksenite

Figura 1. Harta Gjeologjike e masivit té Shebenikut (ShGjSh).
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METODOLOGIJIA

Me qéllim realizimi i kétij studimit
jané vlerésuar materialet gjeologjike
egzistuese dhe jané plotésuar
me pamje fushore, marshuta dhe
vrojtime. Gjaté vrojtimeve né
terren, jané matur kordinatat e
mineralizimeve té gjetura dhe jané
dokumentur shfagjet me fotografi.
Jané rivlerésuar dhe pérgjithésuar té
dhénat pér mineralizimet e kromitit,
piroksenitit dhe pér serine e gabrove
dhe duniteve etj.

Né artikull trajtohen fakte nga
vrojtimet fushore té kryera nga njé
grup té gjéré autorsh (Onuzi et al.
2012; Robertson et al. 2012; Gega
2020) gé ndihmojné né deshifrimin
e mekanizmave té proceseve té
formimit té intruzioneve ultramafike.
Késhtu, grupimi i disa pérbérsave
té réndesishém petrografiké dhe
mineralogjiké té masivit ultrabazik
té Shebenikut lidhet me progese té
vecanta té cilat kané ndikuar né kohé
té ndryshme dhe vende té caktuara né
prerjen e masivit. Studimet e kétyre
proceseve né masivin e Shebenikut i
kemi trajtuar n dy aspekte:

1—Neé até té njohjes sé marrédhénieve
midis llojeve shkémbore ultrabazike,
pozicionin hapésinor qé zéné né
intruzionin magmatic (Onuzi et al.
2012; Robertson et al. 2012).

2 — Né drejtim té vrojtimeve
mikroskopike té llojeve shkémbore
dhe  xeheroréve  kromitike, té
karakterit té& marrédhénieve té
mineraleve  shkémbformuse dhe
mikrostrukturave, kohés dhe
vendit té formimit té mineraleve
shkémbformuse (Onuzi et al. 2012;
Robertson et al. 2012).
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REZULTATET DHE DISKUTIMI

Duke u nisur nga shkalla progresive
e njohjes, né kété artikull, hapet pér
diskutim klasifikimi i shkémbinjeve
ultrabazike té masivit té Shebenikut
né lloje té vecanta apo né
bashkéshogérime paragjenitike.
Né pamjen e pérgjithshme té
marrédhénieve midis llojeve
shkémbore nga pjesét e poshtme
(harcburgitet e freskéta) deri té
pjesét e sipérme (seria damarore
gabrore) vérrehet se nuk kemi
formime té njéaktshme dhe as té
njékoheshme, por prodhime té njé
vargu metosamatik té cilet lidhen me
etapat mé té réndesishme magmatike.
Né pérshtatie me keté koncept
dhe mekanizmin e pérgjithsheé té
formimit, shkémbinjté ultramafiké
preken nga njé varg mekanizmash té
vecanté, ku secili prej tyre i pérket njé
progesi té caktuar gjeo — tektonik.

Rezultatet e pergjithésimit dhe té
interpretimit té té dhénave gjeologjike
té parashtruar né kété artikull tregojné
se progeset té cilat cuan né formimin
e kompleksit té shkémbinjéve
ultrabaziké dhe xeherorizimin
kromitik té tyre jané té mpleksura dhe
mé té konklavitura nga sa mendohet
(Cili 1976). Mbéshtetur né kéto té
dhéna si dhe né pérvojen e tanishme
té studimeve klasike petrologjike
dhe mineralformimit mund té béhen
pércaktime dhe pérshkrime té disa
proceseve kryesore té formimit
té shkémbinjéve ultramafiké dhe
kromiteve, titanomagnetitéve,
sulfureve etj. (Onuzi et al. 2012). Mé
poshté, pérshkruhet mekanizmi i
kétyre proceseve dhe sidomos i atyre
metasomatike té cilat kané luajtur
njé rol té réndésishém né formimin
e intruzioneve dunitike, piroksenite,
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lerxolite etj. si dhe xeherorizimit né
veganti (Fig. 2).

Veprimtaria magmatike Iluan rolin
kryesor né formimin e intruzioneve
ultrabazike (Cili 1966, 1967). Pozita
gjeotektonike, pérbérja minerale,
disa té dhéna mbi karakterin e
marrédhenieve  té€ masivit me
formimet gjeosinklinale, né pjesét
anésore té masivit, déshmojne pér njé
preardhje magmatike té ultrabazikeve.
Si rezultat i kristalizimit autentik té
magmés u formuan harcburgitet, té
cilat menjéhere pas ngurtésimit té
intruzionit ishin ndoshta pérbérsit
e vetém té kétyre lloje shkémbore.
Me sa duket gjaté stadit magmatik té
formimit té intruzioneve ultrabazike,
pércaktohen  pérmasat, konturet
dhe forma e kétyre intruzioneve.
Pamvarésisht nga ndryshimet si
rezultat | veprimtarisé té progeseve té
mévonshme postmagmatike, proceset
magmatike kané luajtur rolin kryesor
né pércaktimin e pérberjes kimike,
minerale dhe petrografike (Cili 1960).

Ngritia e magmés e pérbérjes
ultrabazike gjaté thyrjeve té thella,
né drejtim té shtresave té sipérme té
kores tokésore realizohet né pérputhje
té plote me natyrén impulsive té
zhvillimit  gjeotektonik. Lévizja e
magmeés drejt sipérfages ka pasur
karakter ndérprerés. Kur intruzioni
ultrabazik vendoset né vendin e
ngurtésimit té ploté, magma paraqgitet
pjesérisht e kristalizuar dhe e pérbéré
nga kristale té mineraleve silikate dhe
nga magma akoma e pakristalizuar
e cila vazhdon té kristalizohet pak
a shumé né kushte horizontale (Cili
1972). Harcburgitet e formura né
pérfundim té kristalizimit té magmés
ultrabazike, gjaté fazave kryesore té
stadit posmagmatik té zhvillimit té

intruzionit ultrabazik, né prani té disa
kushteve té caktuara gjeologjike, fizike
si dhe disa faktoréve té favorshém
strukturor dhe tektoniké, tregohen
kimikisht té pagéndrushém duke
u zhndérruar metasomatikisht né
dunite, piroksenite, kromite (Cili 1967,
Fig. 2).

Masivi  utramafik i  Shebenikut
mendohet gé né fillim pérbéhej
vetém nga harcburgite. Mé voné gjaté
periudhave té caktuara gjeologjike gé
duhet té pérkojné me kohén e daljes sé
tij né sipérfage ka pésuar ndryshimet
gé e kané guar né ndértimin gjeologjik
kompleks si¢ éshté sot. Menjéheré
mbas ngurtésimit té kétij masivi, si
rezultat i proceseve metasomatike
gé prekin harcburgitet, filloi formimi
i dunitéve, kromitéve, pirokseniteve,
dunite plagjioklazite, seria damarore
gabrore té cilat grupohen né njé
bashkéshogérim  paragjenetik  té
mévonshém (Cili 1967, 1972).

Né prerjet faktike té masiveve
ultrabazike cfaget gjithnjé dhe mé
garté prerja e pérgjithshme e zhvillit
zonal té kétyre formimeve, kryesisht
gjaté njé ose me tepér horizonteve
shtratiforme. Né kété zonalitet,
zakonisht né pjesét mé té poshténe
té masivit zhvillohen zona dunitike
té cilat vazhdojné mé lart duke u
reduktuar dhe zévéndésuar me
kromite té mbeshtillé nga njé kémishé
e hollé dunitike, té cilat vendosen
midis harcburgiteve dhe mé lart
trupat kromitiké zévendésohen nga
ato piroksenite (Fig. 2).

Né stadin i hershém metasomatik
formohen bashkéshogérimi dunite —
kromite — piroksenite. Stadi i vonshém
metasomatik formohen serpentina
si dhe talku, magneziti, azbesti etj.
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Karakteri zonal i zhvillimit té duniteve, tipare karakteristike té formimeve nga
kromiteve, pirokseniteve dhe pozicioni proceset metasomatike.
i caktuarityre kundrejt njéri tjetrit jané

Zhvillimi i proces

sipas zonave fi
dobésuara

Zévendgsim
harcburgitit né duni

Zhvillimi i procesit t& gs sipas zonave té dobé: ;i Bashkéshogerim gjenetik dunit - trup kromi - piroksenite

Figura 2. Pamje té shkémbinjve té ndryshém nga zona e studiuar
(foto nga D. Gega).
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Zhvillimi i kétyre llojeve shkémbore
nga progceset metasomatike sipas
disa horizontéve té caktuara rrit
praniné e olivinés né dunite, kromit
né trupat kromitiké dhe piroksenit né
piroksenite. Ky proges i mévonshém
shkémbformues zhvillohet kryesisht
gjaté mikrozonave té dobésura si
njé mundési mé e pérshtatshme
pér té garkulluar elementét volativé
dhe solucionet ujore duke formuar
bashkéshogérimet e dunitéve -
kromiteve — pirokseniteve — serisé
damarore gabrore. Té  dhénat
gjeologjike té mbledhura gjaté kétyre
studimeve, té sistemuara dhe té
paragitura here pas here tregojné se
proceset e zhndérrimit metasomatik té
shkémbinjéve ultrabazikéve zhvillohen
me ndihmen e disa faktoréve dhe né
kushte té caktuara gjeologjiké té cilat
jané té njéjte ose té pérafért me nje
séré progesesh gé ndodhin dhe né
shkémbinjté e tjeré (Cili 1967).

Né masivin e Shebenikut vihet re
dukshém roli i progeseve tektonike né
shogérimin hapésinor té mineralizimit
dhe shkémbformimit metasomatik.
Té dhénat gjeologjike déshmojné se
proceset metasomatike lidhen me
fazat e hershme té deformimeve
tektonike té stadit postmagmatik.

Me pérfundimin e kristalizimit té
plote té shkémbinjéve ultrabazike
formohen  sisteme  mikrocgarjesh.
Ky sistem mikrocarjesh pérhapet
né té gjithé masén e harcburgitit
né té gjitha drejtimet, pak a shumé
uniforme. Gjaté lévizjeve rrudhosése
maléformuse té mévonshme, brenda
harcburgiteve  formohen  dunite,
kromite dhe gjithé llojet e tjera
shkémbore si rezultat i proceséve té
metasomatozés sé piroksenit primar
né oliving, kromit dhe piroksen etj.,

duke u vendosur né njé seré zonash
paralele té holla sipas mikrocarjeve
té ndodhura gjaté kristalizimit. Kéto
mikrocarje jané paralele me zgjatimin
e kokrizave té olivinés dhe piroksenit
rombik (Cili 1967; Fig. 2).

Sikurse dihet, gjaté progesit té
metasomatozés kemi zhndérrimin e
mineraleve té vjetra, piroksenit dhe
oliviné parésore, me minerale té reja
sic jané olivina dytésore, kromiti,
pirokseni, plagjioklazi etj. Ky fenomen
i cili zhvillohet sipas njé sistemi
parésor té mikrogarjeve, i cili ndodh
gjaté kristalizimit té harcburgitit
sipas planeve té zgjatjes té kristaleve
té olivinés dhe piroksenit rombik,
realizohet népérmjet elementéve
volativé si dhe solucioneve ujore.

Masivi ultrabazik i Shebenikut ka
tipar té vecante larminé e ndértimit
gjeologjik dhe krombajtjen e fij.
Mbi bazén e kétyre tipareve hapet
diskutimin pér zévéndésimet
metasomatike té estatitit nga
kromiti sidomos né zonat e kontaktit
té duniteve me harcburgitet. Té
dhénat kané treguar se kemi dhe
zévéndésimin e olivinés nga kromiti
(Cili 1967). Ky fenomen vérehet si né
harcburgitet, dunitet si dhe trupat e
kromitit té paserpentinizuar.

Gjaté  studimit  mikroskopik  té
kromiteve  véréhen mbetje té
piroksenit rombik brenda kokrizés

sé kromitit (Manika & Fabries 1997;
Manika et al. 1997; Manika & Gega
1999). Té mbéshtetur né kéto fakte
hedhim idené e zhndérrimit té
enstatitit né kromit né kushte té
caktura gjeodinamike. Né masivin
ultramafik té Shebenikut i «cili
pérbéhet kryesisht nga harcburgitet,
llojet e tjera shkémbore si dunitet,
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piroksenitet, lercolitet dhe kromitet
zhvillohen né trajté trupash thjerzoré,
damaroré dhe jané né masé volumore
relativisht té vogel dhe té zgjatur duke
u vendosur kryesisht gjaté njé ose dy
— tre horizonteve té holla dhe té gjaté
té harcburgiteve, té cilat sot paraqgiten
té rrudhosur dhe té deformuar. Né
kéto horizonte dunitet zhvillohen
né pjesé té caktuara té masivit.
Mé sipér né drejtim té ngritjes sé
kétyre horizonteve zhvillohen trupat
kromitike té mbéshtillé nga njé
kemishé e hollé dunitike.

Mé sipér né prerje kemi zhvillime té
pirokseniteve, kryesisht té estatitit
dhe bronzitit. Né kété zoné kemi dhe
fenomene té zhndérimit té olivinés né
piroksen rombik (Cili 1967). Zhvillime
té tilla zonale nuk jané karakteristike
pér proceset magmatike dhe mund té
shpjegohen teorikisht dhe praktikisht
duke u nisur nga ideté klasike té
metamorfozés, né perputhje me té
cilat kéto horizonte nga poshte — lart
mund té dallohen disa faza:

e Faza e olivinizimit — zhvillohet
né pjesén e poshté té prerjes
(faza e hershme e progeseve
metasomatike).

e Faza e krominizimit — dallohet né
mes té prerjes (faza e mesme e
progeseve metasomatike).

e Faza e piroksenitizimit — zhvillohet
né pjesén e sipér té prerjes (faza e
vonéshme e zhvillimit té proceséve
metasomatike).

Shfagja e pérbashkét e duniteve,
kromiteve si dhe damareve piroksenit
déshmojne se kéto jané prodhime té
njé progesi té vetém metasomatik
mjaft té komplikuar. Lokalizimi i
kromiteve brenda duniteve éshté
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konsideruar si pasqyrim i lidhjeve
té ngushta midis tyre. Té dhénat
gjeologjike déshmojne se shpeshheré
marrédhénie anologe paragesin dhe
piroksenitet me dunitet. Né disa
raste né trupat dunitike zhvillohen
trupa kromi dhe pirokseniti me
kontake té garta dhe paralele (Fig.
2). Té dhéna fushore tregojné se
kromitet té cilat vendosen né dunite,
shpeshheré mbivendosen edhe mbi
piroksenite. Zona e brendéshme e
kétyre trupave kromitike pérbehet
nga xeherori i kromit né pérbérjen e
té cilit, minerali silikat pérfagesohet
nga pirokseni rombik, me rrallé nga
ai monoklin si dhe nga biotiti, ndérsa
né pjesét periferike té trupit pjesa
silikate pérfagésohet nga olivina e
cila pjesérisht ose plotésisht éshté
zhdérruar né serpentin.

Né kété artikull nxirren né pah
marrédhéniet dunit —krom — piroksen,
té cilat shpeshheré ndeshen sé
bashku né trajté bashkéshogérimesh
paragjenitike. Njé pjesé e miré e
pirokseniteve té cilét marin pjesé
né formimin e masivit ultramafik
dhe kryesisht enstatiti, bronziti dhe
ndoshta dhe njé pjesé e diopsideve sé
bashku me dunitet dhe kromitet jané
produkte té njé progesit té vetém.
Eshté vérejtur lokalizimi i pérbashkét
i duniteve, kromititeve, pirokseniteve
pérgjaté njé horizonti i cili vendoset
né pajtim té ploté me vijézimet dhe
planet primare té harcburgiteve. Né
pjesét mé té thella té ketij horizonti
afér rrénjeve té intruzionit dalin
dunite masive me trashési gé vijné
duke u zvogéluar gradualisht. Mé
lart sipas drejtimit té kundert té
rénies, zhvillohen harcburgite me
trupa kromifere té mbeshtille nga njé
kemishé e hollé dunitike. Né krye té
horizontit gjithmoné sipas drejtimit
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té kundért rénies fillojné té shfagen
piroksenitet (Cili 1967). Karakteri zonal
i zhvillimit té kétyre shkémbinjéve
brenda intruzionit ultramafik,
vendosja plotésisht e pércaktuar e
secilit formacion tregojné se dunitet,
kromitet dhe piroksenitet jané
formime shkémbore nga veprimtaria e
zévéndésimit metasomatik né prani té
elementéve volativé dhe solucioneve
ujore, pérbérja kimike e té ciléve
péson ndryshime rrénjesore si né
kohé dhe hapésiré.

Faktorét gjeotektoniké dhe strukturoré
kanénjérolté posacémgjaté lokalizimit
té kétyre proceséve metasomatike
né shkémbinjté ultramafiké té
Shebenikut. Pér kété deshmon dhe
shkalla mé e larté e deformiméve
tektonite né dunite, kromite dhe
harcburgite anésore. Mosha mé ere e
duniteve, kromiteve dhe pirokseniteve
né krahasim me harcburgitet parésore
(horizontéve té freskéta), tregon se
zona e lokalizimit té tyre pérfagéson
me té verteté njé zoné té dobésuar.
Vazhdimisht né trupat e duniteve,
kromitéve dhe harcburgiteve anésore,
zhvillohen zona tektonike shképutése
sa shkémbinjte dhe trupat e kromit
béhén té brekcizuara, shistezuar deri
té millonitizuara (Cili 1972; manika &
Fabries 1997).

Shpesh heré veté trupat e kromitit jané
né té njéjtén kohé edhe zona tektonike
(Fig. 2). Kéto té dhéna déshmojné
se horizonte té ftilla kané vazhduar
té zhvillohen me faza aktivizimi dhe
getésie, pothuajse gjaté gjithé jetés
té intruzionit ultramafik. Zonat e
dobésuara dhe thyerjet mé té vogla té
cilat zhvillohen né pajtim me strukturat
e rrudhosura té harcburgiteve
vendosen sipas késaj zoné té madhe
duke shérbyer si kanale dhe rrugé,

gjaté sé cilave éshté ngritur sasia mé e
madhe e solucioneve postmagmatike
té gliruara gjaté ftohjes dhe pas ftohjes
s& magmeés harcburgitike primare.
Pra, kéto zona té cilat vendosen né
pajtim me strukturat kryesore té
masivit, pérfagésojné hapésirén e
pérshtatshme me té cilat mund té
vendosen prodhimet e njé vargu
progesesh postmagmatike (Cili 1967).
Problematika e trajtuar mé sipér
mbéshtetet né vrojtimet gjeologjike
disa vjecare dhe né literaturén
ekzistuse (Cili 1967; Manika & Gega
1999; Hoeck et al. 2002).

Masivi ultramafik i Shebenikut éshté
ftohur nén mbulesen e depozitimeve
efuzivo — sedimetare té Triasikut té
Poshtem dhe té Mesem, vendosur
né pajtim me to, duke formuar njé
strukturé té pérgjithshme antiklinale,
ku né bérthame té tij éshté veté
masivi. Mbas ftohjes, gjaté proceseve
té rrudhosjes u krijuan zonat e para té
dobésuara paralel me vijézimin primar
té harcburgiteve, pra né pajtim me
kété strukture antiklinale kryesore té
harcburgiteve. Kéto zona té dobésuara
té formuara gjaté ftohjes sé magmeés,
poshté shkémbinjéve efuzivo -
sedimentare, né drejtim te lindjes,
zhyten thellé dhe bashkohen me
thyerjen e thellé nga ka ardhur magma
primare me pérbérje harcburgite.

Struktura antiklinale e masivit té
Shebenikut zhytet thellé drejt lindjes,
ku kéto zona bashkohen me kanalin gé
ka sjell masén harcburgite né gjendje
té shkrirée poshté shkémbinjéve
efuzivo — sedimentare. Ndryshimet
sasiore té prurjeve té elementéve
volative ¢ojné né ndryshime cilésore
sic éshté zévéndésimi i piroksenit
nga olivina duke formuar dunite,
zévéndésimi i olivinés dhe piroksenit
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nga kromiti dhe formimi i kromitit
dhe mé pas zévéndésimi i olivinés dhe
kromitit nga pirokseni dhe formimi i
pirokseniteve.

formimit té
ndryshme né

Fazat kryesore e
mineralizimeve té
masivin e Shebenikut

Faza e olivinitizimit dhe dunitizimit té
harcburgiteve primare

Né kété fazé kohore kemi formimin
e trupave dunitike me pérmasa té
médha, né formé masive, té zgjatur,
parale dhe thjerézore. Né harcburgitet
anésore vérehet zhvillimi metasomatik
i enstatitit né oliviné dhe varférimi i
shkémbit me piroksen.

Faza e kromitizimit dhe e xeherorizimit
kromitik

Kjo fazé zhvillohet né vazhdim té
Zonés sé pare, mé sipér sipas ngritjes
sé krahut té antiklinalit dhe lidhet
ngushte me té (Cili 1960) Né kété zoné
vendosen trupat kryesore kromitiké
té mbéshtillé nga njé kémishé e hollé
dunitike. Né harcburgitet anésore
vérehet fenomeni i zévéndésimit
metasomatik i olivinés dhe enstatitit
nga kromiti aksesor.

Faza e piroksenizimit

Gjaté kétij stadi kohor té mineralizimit
nga progcesi metasomatik kemi
zevendésimin e olivinés dhe kromitit
nga pirokseni ku formohen kryesisht
piroksenitet té cilat lidhen gjenitikisht
me dunitet dhe kromitet gjaté kohés
sé formimit té tyre (Cili 1972; Manika
& Gega 1999).

Masivi utramafik i Shebenikut pas
ftohjes  pérfundimtare  pérbéhej
plotésisht nga harcburgitet kristalore.
Mineralet kryesore shkembformuse té
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harcburgiteve si rezultat i kristalizimit
dhe njékohésisht i rrudhéformimit i
orientuan faget e tyre me té zhvilluara
parallel strukturave té shkémbinjéve
anésore Triasike, duke dhéné masivit
formén e njé antiklinali. Si rezultat i
procesit té rrudhéformimit qé vazhdoi
dhe pas ngurtésimit té ploté té
harcburgiteve, né pajtim té ploté me
strukturén e bréndshme antiklinale
té masivit dhe shkémbinjeve anésore,
zhvillohen njé seri prishjesh tektonike
shképutése dhe zona té dobésuara
té cilat shérbyen pér ardhjen e
solucioneve  postmagmatike  (Cili
1960, 1972). Kéto horizonte té
cilat pérfagesojné me vete zona té
médha regjionale dhe shtrihen gjaté
gjithé masivit, pérsérisin strukturén
e bréndeshme té masivit dhe né
lindje zhyten thellé né drejtim té
thyerjes sé thellé, pér té shérbyer
si ekrane pér ardhjen e solucioneve
volative dhe ujore. Né kété ményré
shpjegohet lidhja e ngushté e masés
kryesore dunitike, kromitike si dhe
té pirokseniteve me elemente té
vijézimit primar.

PERFUNDIME

Né pérfundim té sintezés sé té dhénave
té mbledhura nga gjeologet qé kané
punuar né masivin e Shebenikut, si
dhe puniméve té shumta té kryera
gjaté vitévé 1996 — 2025 né kuadér té
shfrytézimit té mineraleve té kromit,
arrijmé né pérfundimin se dunitet,
kromitet, piroksenitet jané mé té reja
se harcburgitet primare. Kéto lloje

shkémbore bashkéshogéruse jané
formuar nga zhvillimi i progeséve
metasomatike  sipas zonave té

dobésuara né pérputhje me strukturén
e pérgjithshme té masivit. Mbeshtetur
né kéto té dhéna mund té hapet njé
diskutim mbi problemet gjenetike té
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bashkéshogérimit dunit — kromit —
piroksenit lidhur me:

e Gjetjen né brendési té kokrizave té
kromit, oliviné si dhe piroksen.

e Lidhja e ngushté gjenetike e disa
pirokseniteve dhe kryesisht e atyre
té series enstatite — bronzit me
dunitet dhe kromitet té cilét jané
prodhime té njé progesi té vetém
gjenetik.

e Té dhénat gjeologjike té trajtuara
né kété artikull dhe ato nga
literatura egzistuese déshmojné
pér ményrén metasomatike té
formimit té duniteve, kromiteve
dhe pirokseniteve té cilét gjenden
sé bashku né pérputhje me
strukturen.

e Solucionet gé lindin nga progesi i
ngurtésimit té magmés harcburgite
si dhe ato gé vijné nga thyerja e
thellé nga ku ka ardhur magma me
pérbérje harcburgitike, jané burim
ushqgimi i progeseve té mévonshme
metasomatike gé zhvillohen sipas
zonave té dobésuara ku formohet
ky bashkéshoqgérimin gjenetik.

e Jané veguar kéto formacione qé
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ndértojné masivin e Shebenikut:
formacioni magmatic harcburgitik
(faza e paré), formacioni
metasomatik dunit — kromit -
enstatite, formacioni metasomatik
gabbroid — diopsid — verlit — lercolit
— kromit — sulfide dhe formacioni
serpentinitik - azbest, talk,
magnezit.

e Procesi i metasomatozés kalon né
disa faza.

Ndryshimet e vazhdushme té kimizmit
té solucioneve gjaté lévizjes sé tyre,
pércaktojné kontaktin zonal té kétyre
zhndérrimeve dhe si rezultat formimin
e tre zonave kryesore té pérhapjes sé
duniteve né lindje, té kromiteve né
mes dhe pirokseniteve né peréndim,
paralel njéra tjetrés dhe zgjatje té
njéjté me strukturén e masivit. Né
masivin ultramafik té Shebenikut
progesi i metasomatozés Mg0-SiO2 ka
vazhduar pér njé kohé mjaft té gjaté
edhe pas fazés kryesore té formimit
té kétyre zonave, duke guar késhtu né
ndérlikimin e metéjshem té ndértimit
gjeologjik.

Falénderime. Dua té falénderojmé
ekspertit té jashtém pér sugjerimet e bera
lidhur me korrigjimit e kétij artikullit.
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Abstract. Geological data obtained from exploitation works (quarries, mini-quarries
and underground sources) from the Shebenik Massif area, especially after 2001,
have documented different morphological forms of chromium ore bodies and genetic
associations of dunite, chromite and pyroxene. These data also show that chromite
bodies are sometimes associated with tectonic zones and that are placed according to
the axes of anticlinal structures. These data suggest that chromium-bearing horizons
are powerful tectonic zones that have developed in phases of activation and stagnation
throughout the ultramafic intrusion’s process. Based on these observations in the
Shebenik Massif, various opinions are offered regarding the metasomatic formation of
dunites, chromites and pyroxenites. Hydrothermal solutions arising during the primary
solidification process of harzburgite magma, and those from deep fractures where
the harzburgite magma originated, represent a source of nutrition for subsequent
metasomatic processes that develop along weakened zones and form the dunite —
chromite — pyroxenite genetic association.

Keywords: metasomatic processes, petrographic association of dunite-chromite-
pyroxene, development of chromite mineralization according to tectonic zones

INTRODUCTION

During the years 1957 — 1960, the
sources and occurrences of chromite
ores in the ultramafic massif of
Shebenik were considered as late
hysteromagmatic formations. Other
opinions suggest the possibility of
metasomatic formation of dunites
and chromites rocks (Cili 1966, 1867,
1972). However, the following data
contradict previous statements and
provide more complete information
on the internal structure of the
ultramafic massif and the location
of dunite, pyroxenite and chromite
association in its upper part.

Based on these facts, this article opens
a discussion about the Shebenik

Massif ultramafic rocks’ petrogenesis
and specifically the genetic and spatial
relationships of dunites, chromites and
pyroxenites, as well as the gabbroic
and basaltic vein series located in the
upper part of the Shebenik ophiolitic
Massif.

Field data collected over a period
of more than 20 years, combined
with the existing geological literature
(Onuzi et al. 2012), indicate that after
harzburgite magma solidification in
lower parts of the massif, considerable
gas and liquid masses ascended to
the upper parts during the massif’s
emergence to the surface. These
ascending masses led to major

! SHGJSH, Tirané

dashamirg61@gmail.com; dashamirg@yahoo.com
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simultaneous transformations that
formed the dunites, pyroxenites and
chromites, as well as the gabbroic and
basaltic vein series.

GEOLOGICAL SETTING

The spatial position of the dunite
— chromite — pyroxenite — gabbroic
and basaltic series in the ophiolitic
section of the Shebenik massif (Fig. 1),
shows that the gaseous and aqueous
solutions had initially a more basic
character, rich in MgO. This caused
the replacement of pyroxene in
harzburgite with olivine, causing the
formation of dunites. Afterwards,
as the volatile mass became less
basic, other rocks such as chromites,
pyroxenites, gabbroic and basaltic
veins were formed (Fig. 2).

The geotectonic position, mineral
composition,  structural features,
as well as some data on their
relationships with older lateral rocks,
testify to a magmatic origin of the
harzburgites, this being a result
of authentic ultrabasic magma,
regardless of where they were formed
(autochthonous or allochthonous).
The mainly tectonic character of
the relationships of the Shebenik
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massif (Onuzi et al. 2012) with older
lateral rocks, as well as the presence
of petrographic and mineralogical
changes in the upper parts of the
section (chromites, titanomagnetites,
sulfides etc.) are phenomena that
are related to the processes of later
plicative and disjunctive deformation.
These data testify to a younger age,
but also to the metasomatic formation
of dunites, together with chromites,
pyroxenites, verlites, l|herzolites,
gabbros etc. (Fig. 2).

The complete or partial metasomatic
process occurs in harzburgites, where
the pyroxene is replaced by olivine or
chromite, and the olivine is replaced
by rhombic pyroxene. Thus, the
metasomatic process involves the
transformation of harzburgite into
dunite, pyroxene, chromite, and so
on. These data suggest the possibility
of a similar alteration process for
pyroxenites, particularly enstatites
and bronzites, into chromites. The
metasomatic replacement of olivine
with plagioclase in harzburgite and
dunites also suggests that the latter
can be altered into gabbro or olivine
gabbro (Fig. 2).
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GEOLOGICAL MAP OF SHEBENIKU
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Figure 1. Geological map of Shebenik Massif (after ShGjSh).
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METHODOLOGY

In order to carry out this study,
existing geological literature has
been evaluated and compared to
field work observations. During field
investigations, the location of the
mineralization ore bodies has been
documented, they were measured
and photographed. Data on chromite,
pyroxenite mineralizations, gabbro
and dunite series have been re-
evaluated.

The article deals with facts from field
observations carried out by a large
group of authors (Onuzi et al. 2012;
Robertson et al. 2012; Gega 2020) that
help in deciphering the mechanisms of
the formation processes of ultramafic
intrusions. Thus, the combination of
some important petrographic and
mineralogical compositions of the
Shebenik ultrabasic massif, is related to
specific processes that had influenced
the rocks composition at various times
and locations. The processes that led
to Shebenik Massif formation were
treated in two aspects:

1-Takingintoaccounttherelationships
between various ultrabasic rock types,
the spatial position they occupy in the
magmatic intrusion (Onuzi et al. 2012;
Robertson et al. 2012).

2 — By microscope observations of
the rock types and chromite ores,
the character of the relationships
between rock — forming minerals and
microstructures, the time and place of
minerals formation (Onuzi et al. 2012;
Robertson et al. 2012).

RESULTS AND DISCUSSIONS

Starting from the progressive level
of knowledge, in this article, the
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classification of ultramafic rocks of the
Shebenik massif into specific types or
paragenetic associations is opened
for discussion. In general, regarding
the relationships between the rock
types from the lower parts (fresh
harzburgite) to those from the upper
part (gabbroveinseries)itisobserveda
very complicated geological situation,
with the presence of metasomatic
series products which are related to
the most important magmatic stages.
In accordance to this concept and the
general mechanism of their formation,
the ultramafic rocks are affected by a
series of specific mechanisms, each
of which belongs to a specific geo-
tectonic process.

The results of the present geological
data suggest that the processes that
led to the formation of the ultramafic
rock complex and their chromite
mineralization, are more complex
than previously thought (Cili 1976).
Based on these data and petrological
and mineralogical studies, definitions
and descriptions of some of the
main processes for the formation
of ultramafic rocks, chromites,
titanomagnetites, sulfides canbe made
(Onuzi et al. 2012). These processes
and especially the metasomatic ones
have played an important role in
the formation of dunite intrusions,
pyroxenites, lherxolites, as well as in
mineralization in particular (Fig. 2).

Magmatic activity plays the main role
in the ultrabasic intrusions formation
(Cili 1966, 1967). The geotectonic
position, the mineral composition,
data on the character of the relations
of the massif with the geosynclinal
formations, in the lateral parts of the
massif, testify to a magmatic origin
of the ultrabasic rocks. As a result of
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the magma primary crystallization,
harzburgites rocks were formed,
which represented  the  only
components after the solidification
of the intrusion. Apparently, during
the magmatic stage of the formation
of the ultrabasic intrusions, the
dimensions, contours and shape of
these intrusions were determined.
Regardless of the changes as a result
of the activity of later post magmatic
processes, magmatic processes have
played the main role in determining
the chemical, mineralogical and
petrographic composition (Cili 1960).

The rise of ultrabasic magma
through deeper faults, towards the
upper layers of the earth’s crust, is
carried out in full accordance with
the impulsive nature of geotectonic
development. The movement of
magma towards the surface has had
a discontinuous character. When the
ultrabasic intrusion is placed and
completely solidified, the magma
appears partially crystallized and
composed of silicate minerals crystals,
while the fluid and uncrystallized
magma continues to crystallize more
or less in horizontal conditions (Cili
1972). The harzburgites formed at
the final stage of the crystallization
of ultrabasic magma, during the main
post magmatic phase of development
of the ultrabasic intrusion, in the
presence of certain geological,
physical conditions as well as some
favorable structural and tectonic
factors, are shown to be chemically
unstable, being metasomatically
transformed into dunites, pyroxenites
and chromites (Cili 1967; Fig. 2).

The Shebenik ultramafic massif is
thought to have originally consisted
only of harzburgites. At a later stage,

during certain geological periods
that coincide with the time of its
emergence, it underwent changes
that led to the complex geological
structure it is today. Immediately
after the solidification of this massif,
as a result of metasomatic processes

affecting the harzburgites, the
formation of dunites, chromites,
pyroxenites, plagioclase dunites,

and gabbro vein began, which are
considered paragenetic associations
(Cili 1967, 1972).

In the existing sections of the
ultramafic massif, the main section
of the zonal development of these
formations, appears to be mainly along
one or more horizons. In this zonality,
usually in the lower parts of the
massif, dunite zones have developed,
continuing higher and being reduced
and replaced by chromites wrapped
by a thin dunite layer, which are placed
between the harzburgites, and above
the chromite bodies are replaced by
pyroxenite ones (Fig. 2).

In the early metasomatic stage, dunite
- chromite - pyroxenite associations
are formed. In the late metasomatic
stage, serpentine is formed, as well
as talc, magnesite, asbestos, etc. The
zonal character of the development
of dunites, chromites, pyroxenites
and their specific position relative to
each other are characteristic features
of rocks formed through metasomatic
processes. The development of
these rock types from metasomatic
processesaccordingtocertain horizons
increases the presence of olivine in
dunites, chromium in chromite bodies
and pyroxene in pyroxenites.

This rock — forming process develops
mainly along weakened planes where
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the conditions are suitable for volatile studies, indicate that the processes
elementsandfluidscirculation,andthe of metasomatic transformation of
development of dunites - chromites — ultrabasic rocks develop under the
pyroxenites — gabbro associations The presence of several factors and certain
geological data collected during these geological conditions (Cili 1967).

Replacement of harzburgite
by dunite

Genetic association dunite - chromite body - pyroxenite

ic process I along d planes

Figure 2. Deposits from the studied area (photos by D. Gega).

136



Bul. Shk. Gjeol. (Nr. 1/2025)

Gega D.

In the Shebenik massif, the role of
tectonic processes in the spatial
association of mineralization and
metasomatic rock formation is clearly
observed. Geological data show that
metasomatic processes are related
to the early phases of tectonic
deformations of the post — magmatic
stage.

With the finalization of ultrabasic
rocks’  crystallization,  microcrack
systems are formed. They spread
more or less uniformly throughout
the harzburgite mass in all
directions. During subsequent folding
movements, dunites, chromites
and all other rock types are formed
within the harzburgites as a result
of the metasomatization processes
of primary pyroxene into olivine,
chromite and pyroxene, being
placed in a series of thin parallel
zones according to the microcracks
that occurred during crystallization.
These microcracks are parallel to the
elongation of the olivine and rhombic
pyroxene grains (Cili 1967; Fig. 2).

During the metasomatic process it
takes place the transformation of
old minerals, pyroxene and primary
olivine, into new secondary minerals
such as olivine, chromite, pyroxene,
plagioclase etc. This phenomenon
which develops according to a primary
system of microcracks, occurs during
the crystallization of harzburgite
along extension planes of olivine and
rhombic pyroxene crystals, and is
realized through volatile elements and
aqueous solutions migration.

The Shebenik ultrabasic massif’s
special feature is the diversity of its
geological structures and its chromium
content. Based on these features, the

discussion opens on the metasomatic
replacement of steatite by chromite,
especially in the contact areas of
dunites with harzburgites. The data
have shown that we also have the
replacement of olivine by chromite
(Cili 1967). This phenomenon is
observed in harzburgites, dunites and
bodies of unserpentinized chromite

During the microscopic study of
chromites, remnants of rhombic
pyroxene are observed within the
chromite granules (Manika & Fabries
1997; Manika et al. 1997; Manika &
Gega 1999). Based on these facts, we
propose the idea of the transformation
of enstatite into chromite under
certain geodynamic conditions. In
the ultramafic massif of Shebenik,
which consists mainly of harzburgites,
other rock types such as dunites,
pyroxenites, lherzolites and chromites
develop in the form of igneous, veined
bodies and are in a relatively small and
elongated volume mass, being located
mainly along one or two - three thin
and long horizons of harzburgites,
which today appear wrinkled and
deformed. In these horizons, dunites
develop in certain parts of the massif.
Above, in the direction of these
horizons, the chromite bodies are
covered by a thin dunite layer.

Atthetopofthesectionitisdocumented
the presence of pyroxenites, mainly
steatite and bronzite. In this zone it
was observed also the phenomenon
of olivine geochemical transformation
into rhombic pyroxene (Cili 1967).
Such zonal developments are not
characteristic of magmatic processes
and can be explained theoretically and
practically starting from the classical
ideas of metamorphism, in accordance
to the main phases distinguished in
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these horizons from bottom to top as
follows:

¢ Transformation into olivine phase
— develops in the lower part of the
section (early stage of metasomatic
processes).

¢ Transformation into chromite phase
— is distinguished in the middle of the
section (middle stage of metasomatic
processes).

e Transformation into pyroxene phase
— develops in the upper part of the
section (late stage of metasomatic
processes).

dunites,
bearing

The co-occurrence  of
chromites and pyroxene
deposits  indicates  that these
are products of a single, very
complicated metasomatic process.
The localization of chromites within
dunites is considered to reflect the
close connections between them.
Geological data show that pyroxenites
often have analogous relationships
with dunites. In some cases, chromite
and pyroxenite bodies develop in
dunite bodies with clear and parallel
contacts (Fig. 2). Field data show that
chromitesthat are depositedin dunites
often also overlie pyroxenites. The
inner zone of these chromite bodies
consists of chromium ore in whose
composition, the silicate mineral is
represented by rhombic pyroxene,
rarely by monoclinic pyroxene, and by
biotite, while in the external parts of
the body the silicate is represented by
olivine which is partially or completely
weathered into serpentine.

This article highlights the relationships
of dunite — chrome — pyroxene, which
often occur together in the form of
paragenetic associations. A good part
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of the pyroxenites that participate
in the formation of the ultramafic
massif and mainly enstatite, bronzite
and perhaps also a part of the
diopsides, together with dunite and
chromite are products of a single
process. The common localization
of dunites, chromitites, pyroxenites
along a horizon which is placed in
full accordance with the primary
lines and planes of harzburgites is
observed. In the deeper parts of
this horizon near the roots of the
intrusion, massive dunites emerge
with gradually decreasing thicknesses.
Higher, in the opposite direction of
the dip, harzburgites develop with
chromiferous bodies covered by a thin
dunite shell. At the top of the horizon,
always in the opposite direction of
dip, pyroxenites begin to appear (Cili
1967). The zonal character of the
development of these rocks within
the ultramafic intrusion, the fully
defined placement of each formation
show that dunites, chromites and
pyroxenites are formed during the
metasomatic replacement in the
presence of volatile elements and
aqueous solutions, whose chemical
composition undergoes radical
changes both in time and space.

Geotectonic and structural factors
play a special role in the localization
of these metasomatic processes in
the ultramafic rocks of Shebenik. This
is documented by the higher degree
of tectonic deformation in dunites,
chromites and lateral harzburgites.
The younger age of dunites, chromites
and pyroxenites compared to primary
harzburgites (fresh horizons) indicates
that the area of their localization
truly represents a weakened zone.
Continuously in the bodies of dunites,
chromites and lateral harzburgites,
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tectonic detachment zones develop
as the rocks and bodies of chrome
become brecciated, schistose to
mylonitized (Cili 1972; Manika &
Fabries 1997).

Often, the chromite ore bodies
represent also tectonic zones (Fig. 2).
These data show that such horizons
have a continuous development with
phases of activation and stagnation,
almost throughout the life of the
ultramafic intrusion. The weakened
zones and smaller fractures that
develop in accordance with the
folded structures of the harzburgites
are located within this large area,
serving as channels and pathways,
along which the largest amount
of postmagmatic fluids released
during the cooling and post-cooling
of the primary harzburgite magma.
Therefore, these zones which are
located in accordance with the main
structures of the massif, represent
the appropriate space in which the
products of a series of postmagmatic
processes can be placed (Cili 1967).
The issues discussed above are
based on several years of geological
observations and on existing literature
(Cili 1967; Manika & Gega 1999; Hoeck
et al. 2002).

The ultramafic massif of Shebenik
has cooled under the cover of the
effusive — sedimentary deposits of the
Lower and Middle Triassic, forming a
general anticlinal structure, where the
massif itself is located at its core. After
cooling, during the folding processes,
the first weakened zones were created
parallel to the primary lineation of
the harzburgites, and in accordance
with this main anticlinal structure of
the harzburgites. These weakened
zones formed during the cooling of

the magma, under the effusive —
sedimentary rocks, in the eastward
direction, plunge deeply and merge
with the deep fracture from which
the primary magma with harzburgite
composition came.

The anticlinal structure of the
Shebenik massif dips towards the east,
where these areas join the channel
that brought the harzburgite mass in
a molten state beneath the effusive
— sedimentary rocks. Quantitative
changes in the supply of volatile
elements lead to qualitative changes
such as the replacement of pyroxene
by olivine forming dunite, the
replacement of olivine and pyroxene
by chromite and the formation of
chromite, and then the replacement
of olivine and chromite by pyroxene
and the formation of pyroxenites.

The main phases of the formation
of various mineralizations in the
Shebenik massif

The phase of transformation into
olivinite and dunite of primary
harzburgites

In this time phase we have the
formation of dunite bodies of large
sizes, in massive, elongated, parallel
and transverse form. In the lateral
harzburgites, the metasomatic
development of enstatite in olivine
and the depletion of the rock with
pyroxene are observed.

The phase of transformation into
chromite and its alteration

This phase develops in the
continuation of the first zone, above
the anticline arm and is closely related
to it (Cili 1960). In this zone, the main
chromite bodies are placed, wrapped
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by a thin dunite jacket. In the lateral
harzburgites, the phenomenon of
metasomatic replacement of olivine
and enstatite by accessory chromite is
observed.

The phase of transformation to
pyroxenite

During this stage of mineralization
through metasomatic process, we
have the replacement of olivine
and chromite by pyroxene, where
pyroxenites are mainly formed, and
are genetically related to dunites and
chromites (Cili 1972; Manika & Gega
1999).

The Shebenik ultramafic massif after
final cooling consisted entirely of
crystalline harzburgites. The main rock
—forming minerals of the harzburgites
as a result of crystallization and at the
same time of folding, are oriented and
developed parallel to the structures of
the Triassic side rocks, giving the massif
the shape of an anticline. As a result
of the folding process that continued
after the complete solidification of
the harzburgites, in full accordance
with the internal anticlinal structure
of the massif and the side rocks, a
series of tectonic detachment faults
and weakened zones had developed,
serving for the arrival of post —
magmatic solutions (Cili 1960, 1972).
These horizons, which represent large
regional areas and extend throughout
the massif, repeat the internal
structure of the massif and in the east
they dip in the direction of the deeper
fractures, to serve as screens for the
arrival of volatile and fluidss. In this
way, the close connection of the main
dunite, chromite and pyroxenite mass
with primary lineation elements is
explained.
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CONCLUSIONS

At the end of the synthesis of various
data collected by previous geologists
who have worked in the Shebenik
massif, as well as the numerous
works carried out during the years
1996 — 2025 in the framework of the
exploitation of chromium minerals, it
is concluded that dunites, chromites,
pyroxenites are younger than primary
harzburgites. These associated rock
typeswere formed by the development
of metasomatic processes according
to weakened zones in accordance with
the general structure of the massif.
Based on these data, a discussion can
be opened on the genetic problems
of the dunite — chromium — pyroxene
association regarding:

e The presence of grains of
chromium, olivine and pyroxene.

e The close genetic relationship of
some pyroxenites and mainly those
of the enstatite-bronze series
with dunites and chromites which
are products of a single genetic
process.

e The geological data treated in
this article and those from the
existing literature testify to the
metasomatic way of formation of
dunites, chromites and pyroxenites
which are found.

e Solutionsthatarise from the process
of solidification of harzburgite
magma as well as those that come
from the deeper fractures from
which the magma with harzburgite
composition came, are a source for
subsequent metasomatic processes
that develop along the weakened
zones where this genetic association
is formed.
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e The following formations that
build the Shebenik massif are: the
harzburgite magmatic formation
(first phase), the dunite — chromite
— enstatite metasomatic formation,
the gabbroide — diopside — verlite
— lhercolite — chromite — sulfide
metasomatic formation and the
serpentinite formation - asbestos,
talc, magnesite.

e The process of metasomatism goes
through several phases.

Continuous changes in the chemistry
ofthesolutions during their movement
determine the zonal contact of these

formation of three main zones with
dunites in the east, chromites in the
middle and pyroxenites in the west,
parallel to each other and extending
with the same length as the structure
of the massif. In the ultramafic massif
of Shebenik the process of Mg0O-Si02
metasomatism has continued for a
long time even after the main phase
of the formation of these zones, thus
leading to the further complication of
the geological structure.
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transformations and as a result the
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