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ZONA E ALPEVE SHQIPTARE: NENZONA E VALBONES, POZICIONI DHE LIDHJA ME NENZONEN E
MALESISE SE MADHE

Shyqyri ALIAJ®

ABSTRACT

Zona e Alpeve Shqgiptare pérbéhet nga dy nénzona: Malésia e Madhe dhe Valbona. Autorét
e Monografisé “Gjeologjia e Shqipérisé” (Xhomo etj., 2002) kané arritur né pérfundimin se
Nénzona e Valbonés zé vend né dy sektoré: Sektori i paré pérbén bllokun e Budages, ndérsa
sektori i dyté nga verilindja né jugperendim pérbéhet nga blloget tektoniketé Valbonés, Thethit
dhe Bishkaz-Shalés. Nénzona e Valbonés rrethon késhtu Nénzonén e Malésisé sé Madhe nga
veriu, lindja dhe verilindja, dhe éshté interpretuar si njé shpat lidhés i platformés té Malésisé
sé Madhe si me basenin e Vermoshit ashtuedhe me basenin e Cukalit (Xhomo etj., 2002).

Pozicioni dhe lidhja e Nénzonés sé Valbonés me Nénzonén e Malésisé sé Madhe jané diskutuar
dhe rishqyrtuar né kété artikull pérmes profileve gjeologjike té Zonés sé Alpeve Shqiptare.
Karakteristikat faciale dhe pozicioni i bllokut té Bishkaz-Shalés, qé i mbihipén né trajté
mbulesore Zonés sé Cukal-Budvés, déshmojné pér pérkatésiné e tij né Nénzonén e Malésisé sé
Madhe. Nénzona e Valbonés zé vend né verilindje té asaj té Malésisé sé Madhe, dhe ndértohet
nga blloku i Budages qé i mbihipén tektonikisht drejt jug-perendimit bllokut té Kelmendit té
Nénzonés sé Malésisé sé Madhe, dhe nga blloku i Valbonés sé bashku me bllokun e Thethit
qéi mbihipin drejt jug-perendimit bllokut té Bishkaz-Shalés té Nénzonéssé Malésisé sé Madhe.

Nénzona e Malésisé sé Madhe i mbihipén Zonés sé Cukal-Budvés pér reth 40 km, nga veriu
e veri-perendimi i Malit té Cukalit deri tek kémbét e Malit té Taraboshit, ndérsa Nénzona e
Valbonés i mbihipén Nénzonés té Malésisé sé Madhe tek ballet e bllogeve té Budages dhe
Thethit.Nénzona e Valbonés né kuptimin paleogjeografikka paragitur njéshpat lidhés midis
platformés neritike té Malésisé sé Madhe dhe basenit pelagjik té Vermoshit.

Fjalé kyg: Zona e Alpeve Shqiptare, Nénzona e Valbonés, pozicioni dhe lidhja me Nénzonén e
Malésisé sé Madhe.

1. HYRIJE

Zona e Alpeve Shgiptare (Bicoku etj., 1967;
Papa e Bicoku, 1965; Peza, 1967) mé paré
emértohej “Pllaka e Shqipérisé sé Veriut”
ose “Mbulesa e Alpeve Shqiptare” (Nopcsa,
1929). Zona e Alpeve Shqiptare pérbéhet
nga dy nénzona: Malésia e Madhe dhe
Valbona (Bigoku etj., 1970; Shehu etj., 1983,
1990; Xhomo etj., 1969; Xhomo etj., 2002).

Nénzona e Malésisé sé Madhe nis me
depozitime terrigjene té Permian-Triasikut
té mesém dhe vazhdon me depozitime
karbonatike té ujrave té cekéta nga Triasiku
i mesém deri né Kretakun e voné, kur
shfagen gélgerorét me Globotrunkana gé
pasohen mésipér me flishin e Paleocen-
Eocenit té poshtém.

Nénzona e Valbonés ka profil stratigrafik té
ngjashém me até té Nénzonés sé Malésisé

sé Madhe deri né fillim té Jurasikut, dhe
vecanérisht nga Dogger-Malmi né Kretak
karakterizohet nga facie pelagjike dhe
mandej vijon me flishin e Mastriktianit
(Meco etj., 2000).

Nénzona e Valbonés takohet né dy sektoré:

e Nga Greca né Malin e Golishtit deri
né Malin e Vajushés, ku depozitimet
Triasike e Kretake té késaj nénzone
mbihipin drejt jugut kryesisht mbi flishin
e Paleocen-Eocenit dhe gélgerorét
Senoniané té Nénzonés té Malésisé sé
Madhe, ndérsa né veri mbihipet nga
flishi i njésisé sé Vermoshit, dhe

® Nga Jezerca né Luginén e Valbonés deri
né Padesh, qé pérbéhet nga depozitime
Triasiko-Jurasiko-Kretake, té mbihipur
nga Zona e Gashit, dhe mandej drejt
jugperéndimit nga Thethi e Curraj

*Dale né pension. Instituti i Sizmologjisé Tirané



Aliaj,

i Epérm deri né Drisht, te perbere

nga depozitime Permiano-Triasike

te mbihipura drejt juglindjes mbi

Nénzonén e Cukalit (Xhomo etj., 2002).
Sektori i paré ndértohet nga blloku i
Budaces, ndérsa sektori i dyté pérbéhet,
nga verilindja né jugperendim, nga bloget
tektonike té Valbonés, Thethit dhe Bishkaz-
Shalés (Xhomo etj., 2002). Pér kété pozicion
e vend-pérhapje Nénzona e Valbonés éshté
konsideruar si njé shpat lidhés i platformés
sé Malésisé sé Madhe si me trogun e
Cukalit, ashtu edhe me Njésiné e Vermoshit
(Xhomo etj., 2002).

Figura 1 (Xhomo etj., 2002) kallzon se
Nénzona e Valbonés rrethon Nénzonén e
Malsisé sé Madhe nga verilindja e juglindja,
duke i mbihipur késhtu Malsisé sé Madhe
nga verilindja dhe njésisé sé Cukalit nga
juglindja dhe duke ju nénshtruar Malésisé
sé Madhe nga juglindja.

Njé situaté e tillé e Nénzonés té Valbonés
mé térhogi véméndjen disa vite mé paré,
pér té cilén kam shprehur opinionin e
méposhtém: “Zona e Alpeve Shgiptare
ndahet né dy nénzona: Nénzona e Malésisé
sé Madhe né jug-peréndim dhe Nénzona
e Valbonés né veri-lindje. Nénzona e
Valbonés paraget kalimin né trajtén e
njé shpati lidhés nga platforma neritike e
Alpeve Shqiptare (Nénzona e Malésisé sé
Madhe) né basenin pelagjik té Vermoshit”
(Aliaj, 2012; Mecoetj., 2000). Ky artikull i
kushton véméndje té vecanté Nénzonés té

Fig. 1. Skema Tektonike e Shqipérisé: Pjesa e Shqipérise sé Veriut

(Xhomo etj. 2002).

Sh.

Valbonés.

Pozicioni dhe marrédhénia e Nénzonés
sé Valbonés me Nénzonén e Malésisé sé
Madhe jané diskutuar dhe rishqyrtuar né
kété artikull pérmes profileve gjeologjike
té Zonés sé Alpeve Shqiptare.Pérkatesia
e bllokut té Bishkaz-Shalés né Nénzonén
e Malésisé sé Madhe éshté analizuar e
argumentuar vegmas me poshté.

2. KUADRI GJEOLOGJIK | NENZONAVE TE
VALBONES DHE MALESISE SE MADHE

Prerja gjeologjike e Zonés sé Alpeve
Shqgiptare, e branisur mbi Zonén e
Cukalit,nis me terrigjenét dhe karbonatet
e Permianit té sipérm deri né Anizianin e
poshtém dhe vijon me gélgeroré, silicoré e
tufite té Anizinanit dhe gélgeroré kryesisht
platformiké deri né Triasikun e vonshém.
Duke filluar me Jurasikun Zona e Alpeve
Shqgiptare ndahet né dy nénzona: Malésia
e Madhe dhe Valbona, té cilat kané
karakteristika té ndryshme faciale.

2.1 Nénzona Valbonés

Eshtéevidentuar pérherété paré ngaXhomo
etj.(1969) né Luginén e Valbonés, nga ku
mori edhe emrin. Autorét e Monografisé
“Gjeolgjia e Shqipérisé” (Xhomo etj., 2002)
Zonén e Alpeve Shqgiptare e ndajné né
dy nénzona: A, — Nénzona e Malésisé sé
Madhe dhe A, — Nénzona e Valbonés (Fig.1).

Nénzona e Valbonés karakterizohet me
prerje Jurasike dhe Kretake
té kondensuara, me trashési
té vogél dhe me pérhapje té
kufizuar.Né disa prerje té sektorit
té paré, si né Gropat e Selcés,
mungojné depozitimet Jurasike,
dhe depozitimet Kretake wu
mbishtrihen me pushim atyre
Triasike té sipérme, ndérsa
né sektorin e Valbonés mbi
depozitimet Jurasike shtrihet
prerja gélgerore Kretake.

Bazuar né tiparet e ndértimit

gjeologjik, elementét
strukturoré dhe ndryshimet
faciale, autorét e Hartés
Gjeologjike té Shqipérisé

(Xhomo etj., 2002) kané veguar
né Nénzonén e Valbonés blloget
tektonike qé vijojné: 1) Blloku i
Budages, 2) Blloku i Valbonés,
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3) Blloku i Bishkaz-Shalés dhe 4) Blloku i
Thethit.Ndér ta, vetém blloku i Budages
dhe ai i Valbonés ruajné prerje gjeologjike
me karakteristikat faciale t&€ Nénzonés sé
Valbonés.

Blloku i Budages ndértohet nga karbonate
té Triasikut té sipérm e Kretakut, dhe
flishi i Mastriktianit.Blloku i Budaces
nga veriu mbulohet nga flishi i Titonian-
Senomanianit té njésisé sé Vermoshit po
né trajté mbulesore.Né sektorin Grecé-
Golisht depozitimet Triasike vendosen né
trajté mbulesore mbi flishin Paleogjenik
té bllokut té Kelmendit té Nénzonés sé
Malésisé sé& Madhe.Blloku i Valbonés
ndértohet kryesisht nga depozitimet
Triasike dhe fare pak nga ato Jurasike
dhe Kretake, té karakterizuara me facie
pelagjike té kondensuara, dhe paraget njé
strukturé té madhe antiklinale me shtrirje
aférsisht lindje-peréndim, me depozitimet
Triasike né bérthamé dhe gélgerorét
Jurasiko-Kretake dhe flishin e Mastriktianit
né krahét me rénie té buté. Kétu midis
depozitimeve Triasike t&€ mesme dhe atyre
Triasike té sipérme vendoset me pushim
njé nivel boksitesh.

Blloku i Thethit ndértohet nga depozitimet
e Triasikut té mesém — té sipérm, té
vendosur mbi bllokun e Bishkaz-Shalés si
mbulesé tektonike me rrafsh mbihipje me
rénie té buté, qéndiget nga Qafa e Thores
deri né veri té Currajt té Epérm.Pér kété
déshmon edhe klipi i kétij blloku né Malin e
Zorzit (Shehu etj., 1983, Xhomo etj., 2002).

Blloku i Bishkaz-Shalés, qgé shtrihet
nga Drishti prané Shkodrés né Qafén e
Kolshit-Currajn e Epérm, ndértohet nga
depozitimet Permiane dhe Triasike me
rénie té buté drejt veriperéndimit, duke
u kufizuar me bllokun e Re¢-Mardomit
pérmes shképutjes tektonike Pérroi i
Rrjollit-Ndérlysé (Xhomo etj. 2002).

Bazuar né karakteristikat faciale dhe vend-
ndodhjen, Blloku i Bishkaz-Shalés duhet
té pérfshihet né Nénzonén e Malésisé sé
Madhe, ja pse do té shqyrtohet mé poshté
si pjesé integrale e késaj nénzone.

2.2 Nénzona e Malésisé sé Madhe

Kjo nénzoné karakterizohet nga njé
ndértim strulturor kryesisht monoklinal
me pérkulje té buta, me rrudha prané
thyerjeve tektonike.Shképutjet tektonike

e coptojné até né blloget tektonike qé
vijojné: 1) Blloku i Kastratit, 2) Blloku i
Kelmendit, dhe 3) Blloku i Re¢-Mardomit,
té cilét nga ana e vet jané coptuar né
brendési me shképutje tektonike té tjera
(Xhomo etj., 2002).

Blloku i Kelmenditpérfageson njé pllaké
monoklinale mé rénie té buté drejt
verilindjes, té ndértuar nga depozitimet
karbonatike Jurasike dhe Kretake, dhe
ato flishore te Paleocen-Eocenit.Blloku
i Kastratitndértohet nga depozitimet
Jurasike dhe Kretake me rénie té buté drejt
jugperendimit dhe zé vend né jugperéndim
té bllokut téKelmendit, nga i cili vecohet
népérmjet  shképutjes Grabom-Bogé.
Blloku i Re¢-Mardomit ndértohet nga
depozitimet Triasike, Jurasike dhe Kretake
dhe kufizon nga veriperendimi me bllokun
e Kastratit dhe nga juglindja me bllokun e
Bishkaz-Shalés.

2.2.1 Blloku Bizhkaz-Shalé, pjesé integrale
e Nénzonés sé Malésisé sé Madhe.

Blloku i Bishkaz-Shalés shtrihet nga Zogaj
e Shiroka né jugperéndim té Ligenit té
Shkodrés, ku ndértohet nga depozitime
Triasike, Jurasike e Kretake me rénie 30-
40° drejt veri-verilindjes,dhe vijon mandej
nga Drishti néveri té qytetit téShkodrés
né Qafén e Kolshit-Currajn e Epérm, ku
ndértohet nga depozitimet Permiane
dhe Triasike me rénie té buté 20-25° drejt
veriperéndimit, duke u branisur mbi Zonén
e Cukalit (Fig. 2, Fig. 4).

Pértej kufirit toné shtetéror, né Malin e Zi
ndiget njé prerje thuajse e ploté Triasiko-
Jurasike-Kretake, e cila braniset me kénd
mé té buté 20-30° né trajté mbulese
tektonike mbi formacionet e Zonés Budva,
analoge e Zonés Cukali né vendin tone
(Kalezic etj., 1976).

Né profilin gjeologjik Mali i Taraboshit-Mali
i Domnit (Fig. 2) shihet se kemi té b&jmé me
njé strukturé sinklinale asimetrike né ballin
e Zonés sé Alpeve Shqiptare, njé strukturé
sinklinale me krahun jugperéndimor
pak mé té thikté, té zhveshur né Malin
e Taraboshit e mé né veriperéndim né
Malin e Zi, dhe me krahun verilindor me
rénie té buté, si dhe me pjesén aksiale
té saj té shtriré nén ultésirén grabenore
Pliocen-Kuaternare té Shkodrés me kripto-
ultésirén e Ligenit té Shkodrés né té (niveli
i ligenit éshté i njejtéme nivelin e detit)
(shih Fig. 2). Né Zues,nén ballinbranisés té



Cukali zone

Malésia e Madhe subzone

Kruja zone

Mt. Domni

km

\

Mt. Tarabosh

\
N
Y
I
:\
s
In

EFard

s

- v

1]

Aliaj, Sh.

Fig. 2. Profili gjeologjik Mali i Taraboshit — Mali i Domnit

karbonateve té Malit té Taraboshit, vihet
re njé rrudhé antiklinale e zonés té Cukalit,
e pérfagésuar nga gélqeroré té Kretakut té
sipérm, té mbuluar nga flishi i Mastriktian-
Eocenit (Fig. 2).

Prerjet Jurasiko-Kretake né Malin e
Taraboshit dhe mé tej né Malin e Zi
déshmojne se sedimentimi ka ndodhur
né njé basen kryesisht neritik (Kalezic etj.
1976). Pra, pér nga piképamija faciale prerja
Jurasiko-Kretake, deri para-Kretakut té
vonshém, e Malit té Taraboshit nuk éshté
pelagjike, sic eshte né Bllokun e Valbonés.

Kéto té dhéna faciale si dhe lidhja e
strukturés se Malit té Taraboshit né
ményre unike me strukturén e bllogeve té
Kastratit, Recit, dhe Bishkaz-Shalés flasin
pér pérkatésiné e buzés jugperéndimore té
Zonés sé Alpeve Shgiptare né Nénzonén e
Malésisé sé Madhe.

Nga profili gjeologjik Hot - Cukal né shtrirje
té Zonés sé Alpeve Shqiptare e Cukalit (Fig.
3, Xhomo, 1996) duket garte se nga blloku
i Bishkaz-Shalés né bllokun e Regit dhe
Kastratit kemi té béjmé me njé strukturé
né pérgjithési monoklinale me rénie té
buté drejt veriperéndimit, e shogéruar me
ondulime té buta negative e pozitive, dhe
e coptuar me shumé shképutje normale né
shtrirje té Zonés sé Alpeve Shgiptare.

Prerja gjeologjike nga Triasiku né Kretak
me facie karakteristike neritike déshmon
pér pérfshirjen edhe té segmentit té
bllokut té Bishkaz-Shalés nga Drishti né
Curraj té Epérm né Nénzonén e Malésisé
sé Madhe (Fig. 3). Pra, nga sa u parashtrua
rezulton se blloku i Bishkaz-Shalés éshté
pjesé integrale e Nénzonés sé Malésisé sé
Madhe.

3. VENDI | NENZONES SE VALBONES NE
KUADRIN E ZONES SE ALPEVE SHQIPTARE

Njihet si rregull se ndarja né nénzona
tektonike béhet né profile térthor té njé
zone tektonike, dhe kurrésesi né profile
né shtrirje té saj, dhe duke zbatuar kriterin
e njésive tektono-stratigrafike (dmth te
nenzonave e zonave tektonike) (Aliaj,
2012).

Pozicioni i Nénzonés sé Valbonés dhe
lidhja me Nénzonén e Malésisé sé Madhe
jane analizuar dhe rishqyrtuar permes
tre profileve gjeologjike térthor Zonés sé
Alpeve Shgqiptare (Fig. 2, Fig. 4 e Fig. 5),
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dhe jane pasqgyruar ne skemen tektonike
te Zones te Alpeve Shqiptare (Fig. 6).

Duhet té vemé né dukje se né etapen e
zhvillimit neotektonik Pliocen-Kuaternar
struktura e Zonés sé Alpeve Shqiptare éshté
coptuar né blloge té médhenj e té vegjél
nga shképutje tektonike normale té tre
sistemeve tektonike: a) sistemi me shtrirje
veriperéndimore paralel me grabenin e
Ligenit té Shkodrés, b) sistemi me shtrirje
verilindore paralel me térthorén Shkodér-
Tropojé, dhe c) sistemi me shtrirje veriore
mé pak i zhvilluar (Aliaj, 2012).

Blloget e médhenj tektoniké té vecguar
nga autorét e tekstit shpjegues té Hartés
Gjeologjike té Shqipérisé né shkallé 1:
200.000 (Xhomo etj., 2002) jané ndaré
nga dy sistemet e paré té shképutjeve
tektonike normale, ndérkaq sistemi i treté
me shtrirje veriore komplikon strukturén e
kétyre bllogeve, duke preré dhe spostuar
horizontalisht edhe ballin e branisjeve
tektonike té zonave e nénzonave tektonike
né veri té térthores Shkodér-Tropojé (shih
Hartén Gjeologjike té Shqipérisé né shkallé
1:200.000, 2002).

Eshté i njohur fakti se né Zonén e Alpeve
Shqiptare si dhe né vijimin e sajné Mal té Zi,
né Zonén e Karstit té Larté, nénzonat jané
vecuar me plane té branisjeve tektonike.
Né profilet gjeologjik Mali i Taraboshit -
Mali i Domnit dhe Kir - Mali i Kollatés jané
veguar qartédy balle mbulesore né Zonén
e Alpeve Shqiptare (Fig. 2, Fig. 4):

1) Balli i branisjes téNénzonés sé Malésisé
sé Madhe ndiget si né jugperéndim
té Ligenit té Shkodrés (rrézé Malit té
Taraboshit dhe vijon pandérprerje né
territorin e Malit té Zi, (Fig. 2), ashtu edhe
tek Mali i Domnit dhe né verilindje té
fshatit Kir (Fig. 4, Fig. 6), gjaté té cilit Zona
e Alpeve Shqiptare pasi shalon né trajté
mbulese driraten tektonike té Cukalit,
mandej i mbihipén Zonés sé Cukal-Budvés
tek rréza e Taraboshit.

2) Balliibranisjes t& Nénzones sé Valbonés
tek balli i Bllokut té Thethit, ku depozitimet
Triasike té mesme - té sipérme mbulojné
tektonikisht ato Triasike té siperme té
Nénzonés sé Malésisé sé Madhe (Fig. 4,
Fig. 6).

Né profilin gjeologjik Bajzé - Vermosh balli
i branisjes t&€ Nénzonés sé Valbonés ndiget
paksa né jugperéndim té Malit té Golishtit
gjaté té cilit Nénzona e Valbonés mbihipén
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Fig. 6. Skema tektonke e Zonés sé Alpeve Shgiptare me dy nénzonat e saj: Malési e Madhe dhe Valbona.
Profilet gjeologjike: I-I: Bajzé — Vermosh, II-1I: Kir — Kollaté, IlI-111: Mali i Taraboshit - Mali i Domnit, IV-IV: Hot -
Cukal.

me plan té buté mbi Nénzonén e Malésisé
sé Madhe (Fig. 5, Fig. 6).

Bazuar né kété ndarje té nénzonave
tektonike né Zonén e Alpeve Shqiptare,
né Hartén e bllogeve tektonike té veguar
né kété zoné (Xhomo etj. 2002), dhe
né rolin gé luajné shképutjet tektonike
normale me komponent shtytje, duke
coptuar dhe spostuar horizontalisht
edhe ballet e mbulesave tektonike, kemi
pérpiluar njé skemé tektonike pér Zonén
e Alpeve Shqgiptare me nénzonat e saj, si
dhe pérkufizimin e saj me zonat tektonike
fqinje (Fig. 6).

Si¢ shihet né kété skemétektonike (Fig. 6)
balli branisés i Nénzonés té Valbonés nga
blloku i Budages né bllokun e Valbonés
éshté c¢vendosur horizontalisht drejt
jugperéndimit sipas shképutjes shtytése
Pérrroii Thaté —Jezercé pérreth 12-14 km,
duke zené vend tek balli branisés i bllokut
té Thethit. Segmenti i Jezercés i késaj
shképutje éshté preré e ¢vendosur paksa
nga shképutjet me shtrirje aférveriore.

Pra, blloku i Thethit sétoku me bllokun
e Valbonés, té ndaré midis tyre me
shképutjen normale Ragam-Qafa e Kolshit
me shtrirje veriperéndimore, pérbéjné né
kété sektor Nénzonén e Valbonés.

11

4. PERFUNDIME

Mbéshtetur né  punimin  shkencor
mé té ploté e té pérditésuar, té kryer
dhjetévjecarin e kaluar, pér Gjeologjiné
e Shqipérisé (Xhomo etj., 2002), dhe né
analizén e kryer kétu pér pozicionin dhe
strukturén e nénzonave tektonike né
Zonén e Alpeve Shqiptare, arrihen kéto
pérfundime kryesore:

1. Nénzona e Valbonés zé vend né verilindje
té Nénzonés sé Malésisé sé Madhe dhe
pérfagésohet nga blloget tektonike qé
vijojné: a) Blloku i Budages, i branisur
mbi bllokun e Kelmendit té Nénzonés sé
Malésisé sé Madhe, dhe i mbihipur nga
Zona e Vermoshit,b) Blloku i Valbonés
sétoku me bllokun e Thethit, té branisur
mbi bllokun e Bishkaz-Shalés té& Nénzonés
sé Malésisé sé Madhe, dhe té mbihipur
nga Zona e Gashit.

2. Balli branisés i Nénzonés té Valbonés,
nga blloku i Budages né bllokun e Valbonés
éshté c¢vendosur horizontalisht sipas
shképutjes shtytése Pérroii Thaté —Jezercé
pér reth 12 - 14 km, duke zené vend tek
balli branisés i bllokut té Thethit.

3. Ballet e nénzonave té Alpeve Shqiptare
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paragiten né trajté té mbulesave tektonike, i bllokut té Budages, ashtu edhe tek balli i
si vijon: a) Nénzona e Malésisé sé Madhe bllokut té Thethit.

éshté branisur mbi Zonén e Cukal-Budvés 4 Nsnzona e Valbonés né kuptimin
pér reth 40 km, nga veriu e veriperéndimi  5jeogjeografik ka pérfagésuar njé shpat
i Malit te Cukalit deri tek rréza e Malit t&  |ighgs midis kurrizores platformike t&

Taraboshit né jugperéndim té Shkodrés; palasisé sé Madhe dhe hullisé pelagjike té
b) Nénzona e Valbonés éshté branisur mbi  viermoshit.

Nénzonén e Malésisé sé Madhe si tek balli
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ALBANIAN ALPS ZONE: VALBONA SUBZONE, THE POSITION AND RELATION WITH MALSIA E
MADHE SUBZONE

SHYQYRI ALIAJ®

ABSTRACT

The Albanian Alps zone comprises the Malesi e Madhe and Valbona subzones. The researchers
of the Monograph “Geology of Albania” (Xhomo et al., 2002) have concluded that the Valbona
Subzone encounters in the two sectors: The first sector built by the Budage block, while the
second sector from north-east to south-west is consisted of Valbona, Thethi and Bishkaz-
Shale tectonic blocs. The Valbona Subzone was so considered to surround the Malesi e Madhe
Subzone from north, east and north-east, and interpreted as a linking slope of Malesie Madhe
platform with the Vermoshi basin, as well as with Cukali basin too [13].

The position and relation of the Valbona Subzone with the Malesi e Madhe Subzone were
discussed and reexamined in this paper through geologic cross-sections of the Albanian
Alps Zone. The facial characteristics and location of the Bishkaz-Shale block, overthrusting
the Cukali-Budva Zone, testify for its belonging to the Malesi e Madhe Subzone. The Valbona
Subzone takes place north-east of Malesi e Madhe one, and it is built by Budage block
overthrusting towards the south-west Kelmendi block of Malesi e Madhe Subzone, and by
Valbona block together with Thethi block overthrusting towards the south-west Bishkaz-Shale
block of the Malesi e Madhe Subzone.

The Malesi e Madhe Subzone overthrusts Cukali-Budva Zone for about 40 km, from north and
north-west of Cukali Mountain up to Taraboshi Mountain foots, while the Valbona Subzone
overthrusts the Malesi e Madhe Subzone at fronts of Budage and Thethi blocks. The Valbona
Subzone during its paleogeographic evolution has represented a linking slope between Malesi
e Madhe neritic platform and Vermoshi pelagic basin.

Keywords: Albanian Alps zone, Valbona subzone, position and relation with Malesi e Madhe
subzone.

1. INTRODUCTION

The Albanian Alps Zone [2, 7, 8] was
previously denominated the Northern
Albanian Plate or the Albanian Alps Nappe
[6]. The Albanian Alps zone comprises
two subzones: The Malesi e Madhe and
Valbona ones [3, 9, 10, 11, 13].

The Malesi e Madhe Subzone is
characterized by a terrigenous formation
from the Permian to the Middle Triassic,
by a neritic carbonate formation extending
from the Middle Triassic to the Late
Cretaceous, where the limestones with
Globotruncana encounter, and then by a
Paleocene to Lower Eocene flysch.

The Valbona Subzone has a stratigraphical
profile similar to the Malesi e Madhe
Subzone up to the Middle Jurassic. From
the Dogger-Malm to the Cretaceous

inclusive it is characterized by the pelagic
facies, thin-bedded limestones and
siliceous, and then by the Maastrichtian
flysch [5].

The researchers of Monograph “Geology of
Albania” (Xhomo et al., 2002) [13] arrived
in the conclusion that the Valbona Subzone
encounters in the two sectors:

1) The first sector is developed from Greca
through Golishti Mountain up to Vajusha
Mountain, composed by the Triassic and
Cretaceous deposits thrusting towards the
south the Paleocene-Eocene flysch and
Senonian limestones of Malesi e Madhe
Subzone, and

2) The second sector is developed from
Jezerca through Valbona Valley up to
Padesh, composed by the Trassic-Jurassic-
Cretaceous deposits, and further towards

*Retired, Seismological Institute, Tirana
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the southwest from Thethi and Curraj i
Epermto Drisht, composed by the Permian-
Triassic deposits thrusting towards the
south-east Cukali unit.

The first sector is built by the Budace block,
while the second sector from north-east
to south-west is consisted of the Valbona,
Thethi and Bishkaz-Shale tectonic blocs
[13]. Judging from the above-mention
position, the Valbona Subzone has been
interpreted as a linking slope of the Malesi
e Madhe platform with the Vermoshi basin,
as well as with the Cukali basin too [13].

Figure 1, (Xhomo et al., 2002) shows that
Valbona subzone surrounds the Malésia
e Madhe subzone from north-east and
south-east, overthrusting so the Malésia
e Madhe subzone from north-east, and
the Cukali unit from south-east, and finally
it was underlying the Malésia e Madhe
subzone from south-east.

Such a situation of the Valbona subzone
has taken my attention some years ago,
for which | have expressed the following
opinion: “The Albanian Alps Zone
comprises two subzones: the Malésia e
Madhe in the south-west and the Valbona
in the north-east. The Valbona subzone
embodies a linking slope from the neritic
platform of the Albanian Alps (Malési e
Madhe subzone) to the Vermoshi pelagic
basin” (Aliaj, 2012; Meco et al., 2000).

The position and the relation of Valbona

Koy

Figure 1. Tectonic Scheme of Albania, Northern part of Albania

(from Xhomo et al., 2002)
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Subzone with the Malesi e Madhe Subzone
were discussed and reexamined in this
paper through geologic cross-sections of
the Albanian Alps Zone. The belonging of
the Bishkaz-Shale tectonic block into the
Malesi e Madhe Subzone separately is
analyzed below.

2. GEOLOGIC FRAMEWORK OF VALBONA
AND MALESI E MADHE SUBZONES

The geologic section of the Albanian Alps
Zone overthrusting on the Cukali Zone
starts with the terrigenous and carbonate
deposits of Upper Permian - Lower Anisian,
continuing with the limestones, siliceous
and tuffites of Anisian and mainly platform
limestones up to the Late Triassic. Since
Jurassic time into the Albanian Alps Zone
were differentiated the Malesi e Madhe
and Valbona subzones, having the different
facial characteristics.

1.1 Valbona Subzone

The Valbona Subzone has been evidenced
for the first time by Xhomo et al., 1969 [11].
The researchers of Monograph “Geology
of Albania” (Xhomo et al., 2002) [13]
arrived in the conclusion that the Albanian
Alps Zone comprises two subzones: A —
Malesi e Madhe Subzone, and A, — Valbona
Subzone surrounding from nortf\, east and
north-east the Malesi e Madhe Subzone
(Figure 1, [13]).

The Budage, Valbona, Bishkaz-
Shale and Thethi tectonic blocks
were distinguished in Valbona
Subzone [13]. Only the Budage
and Valbona blocks have the
facial characteristics of Valbona
Subzone. The geologic section of
ValbonaSubzoneischaracterized
by condensed Jurassic and
Cretaceous carbonates of small
thickness and limited extension.
In Budage block the Cretaceous
limestones overlay through a
stratigraphic lacuna the Upper
Triassic  deposits, while in
Valbona block the Cretaceous
deposits normally overlay the
Jurassic ones.

The Budage block is composed
by the Upper Triassic and
Cretaceous  carbonates, as

Koa I



Albanian alps zone: Valbona subzone, the position and relation with Malsia e
Madhe subzone

well as by the Maastrichtian flysch; the
Tithonian-Cenomanian flysch of Vermoshi
Zone overthrusts Budace block deposits.
The Triassic deposits in Greca-Golisht
locations overthrust towards the south
the Paleogene flysch of Kelmendi block
of Malesi e Madhe Subzone. The Valbona
block is consisted mainly of Triassic
deposits and in small extension by Jurassic
and Cretaceous ones, characterized by
condensed pelagic facies. This block
presents an anticline structure west-
east extending, with Jurassic-Cretaceous
limestones and Maastrichtian flysch on its
flanks. Between Middle and Upper Triassic
deposits a bauxite level is evidenced.

The Thethi block composed by Middle-
Upper Triassic deposits overthrusts
towards the south-west the Bishkaz-Shale
block, testified also by the Zorzi Mountain
klippe [9, 12]. The Bishkaz-Shale block is
consisted of Permian and Triassic deposits
of low dipping towards the north-west,
contacting in this direction with Reg-
Mardom block through a normal fault.
The facial characteristics and the location
of the Bishkaz-Shale block overthrusting
on the Cukali Zone testify for its belonging
to the Malesi e Madhe Subzone, that’s
separately is analyzed below.

1.2 Malesi e Madhe Subzone

The Malesi e Madhe Subzone is
characterizied mainly by a monocline
structure with small folding near tectonic
faults. The Kelmendi, Kastrati and Reg-
Mardom tectonic blocks, limited by faults,
were evidenced into it [13].

The Kelmendi block representing a
monocline plate of low dipping towards
north-east is composed by the Jurassic-
Cretaceous carbonates and the Paleocene-
Eocene flysch. The Kastrati block is also
consisted of Jurassic and Cretaceous
deposits of low dipping towards south-
west. The Reg-Mardom block borders from
north-west with the Kastrati block and
from south-east with the Bishkaze-Shale
block.

2.2.1 Bishkaz-Shale block — an integral part
of Malesi e Madhe Subzone

The Bishkaz-Shale block taking place from
Zogaj and Shiroka in south-west of Shkoder
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Lake is composed by the Triassic, Jurassic
and Cretaceous deposits with dipping
angles 30-40° towards north-northeast,
and further continues from Drisht to
Kolshi Pass-Curraj i Eperm, consisted of
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the Permian and Triassic deposits with low
dipping angles 20-25° towards north-west
and north, overthrusting Cukali Zone (see
Figure 2, Figure 4).
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The almost complete Triassic-Jurassic-
Cretaceous profile with low dipping angles
20-30° towards north-east follows in
Montenegro territory, overthrusting the
Budva Zone (analogue of Cukali Zone) [4].

An asymmetric syncline structure is
observed at the front of Albanian Alps
Zone with its south-western flank
outcropped at Taraboshi Mountain (see
Figure 2). An anticline structure of Cukali
Zone, composed by the Upper Cretaceous
limestones and Maastrichtian-Eocene
flysch is observed at Zues village, below
the nappe front of Taraboshi Mountain
(Figure 2).

The Jurassic and Cretaceous sections
up to pre-Late Cretaceous at Taraboshi
Mountain and along its prolongation in
Montenegro represent characteristics of
neritic facies, quite different from pelagic
ones evidenced in the Valbona block.

The Kastrati, Re¢-Mardom and Bishkaz-
Shale tectonic blocks represent a
monocline structure with low dipping
towards north-west, associated with
slight positive and negative foldings, and
divided by normal faults (see Figure 3). The
profile of Triassic-Jurassic and Cretaceous
deposits in the extension of Albanian Alps
Zone is characterized by the neritic facies,
testifying so that the Bishkaz-Shale block
is an integral part of the Malesi e Madhe
subzone (see Figure 3).

3. POSITON OF VALBONA SUBZONE IN
FRAMEWORK OF ALBANIAN ALPS ZONE

It is well known the rule that the subzone
differentiation should be performed
through the transverse profiles of tectonic
zones and using the contemporary
criterion of tectono-stratigraphic unities
(i.e. tectonic subzones and zones, [1]).

The position of Valbona Subzone and its
relation with the Malesi e Madhe Subzone
were analyzed and reexamined through
three geologic cross-sections of Albanian
Alps Zone (see Figure 2, Figure 4 and Figure
5), and are reflected in Tectonic Scheme of
Albanian Alps Zone (Figure 6).

During the Pliocen-Quaternary neotectonic
stage the Albanian Alps Zone has been
fractured into tectonic blocs of different
dimensions by three systems of normal
faults: a) the north-western system
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Cukali zone

Madhe subzone
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Mt. Bishkazi
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Figure 3. Hot - Cukal Geologic Cross-Section through the extension of Albanian Alps Zone
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Figure 6. Tectonic Scheme of Albanian Alps Zone with its subzones: Malesi e Madhe and Valbona.
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Geologic cross-sections marked on it are the followings: | - I: Bajze - Vermosh, Il - |I: Kir — Kollata Mountain, Il -
11l: Taraboshi Mountain - Domni Mountain, IV - IV: Hot - Cukal.

parallel with Shkoder Lake, b) the north-
eastern system parallel with Shkoder-Peje
dislocation, and c) the little developed
northern system [1]. The two first
normal fault systems show tectonic block
boundaries distinguished by the authors
of the “Geology of Albania” (Xhomo et al.,
2002) [13], while the third north extending
system has complicated block structures,
cutting and horizontally shifting also
the front of tectonic subzones or zones
northwards of Shkoder-Peje transversal
[12].

Inthe Tarabosh Mountain-Domni Mountain
and Kir-Kollate Mountain geologic cross-
sections (Figure 2 and Figure 4) two nappe
fronts were distinguished in the Albanian
Alps Zone, as follows:

1) The Malesi e Madhe nappe front is
observed at Taraboshi foots and Domni
Mountain (Figure 2) as well as to north-
east of Kir village (Figure 4, Figure 6),
where the Albanian Alps Zone overthrust
Cukali tectonic window in a saddle shape.

2) The Valbona nappe front is observed
at Thethi block front, where the Middle-

18

Upper Triassic deposits overthrust the
Upper Triassic deposits of Malesi e Madhe
Subzone (Figure 4, Figure 6).

In Bajze-Vermosh geologic cross-section,
nappe front of the Valbona Subzone is
observed south-west of Golisht Mountain
overthrusting on Malesi e Madhe Subzone
(Figure 5, Figure 6).

Based on the above-mention subzone
differentiation in the Albanian Alps Zone,
on the Map of tectonic blocks separated in
it (Xhomo et al., 2002), and on the role of
normal faults with strike-slip component,
cutting and horizontally shifting the nappe
fronts, a Tectonic Scheme for the Zone
of Albanian Alps with its subzones was
compiled (see Figure 6).

As it is seen from this figure the Valbona
nappe front from Budace block to Valbona
one has been horizontally shifted for 12-14
km towards south-west by the Jezerca fault
segment, taking place at nappe front of
Thethi block. The Jezerca fault segment of
Perroi i Thate-Jezerca fault is cut and also
shifted by some normal faults of northern
system.
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Finally we have concluded that the Thethi
block together with the Valbona one,
divided by Ragam-Kolshi Pass fault north-
west extending, constitute the Valbona
Subzone in this sector.

4. CONCLUSIONS

Based on the last updated basic research
work on Albanian Geology (Xhomo et al.,
2002) and on the analysis carried out here
for the Valbona Subzone position and its
relation with the Malesi e Madhe Subzone,
the following main conclusions were
drawn:

1. The Valbona Subzone takes place north-
east of Malesi e Madhe one, and it is
presented by following tectonic blocks: a)
the Budage block overthrusting towards
south-west the Kelmendi block of Malesi
e Madhe Subzone, b) the Valbona block
together with Thethi block overthrusting

19

towards south-west the Bishkaz-Shale
block of Malesi e Madhe Subzone.

2. The Valbona nappe front from Budage
block to Valbona one has been fractured
and horizontally shifted for 12-14 km
towards south-west by the Jezerca fault
segment, taking place at nappe front of
Thethi block.

3. Nappe fronts of Albanian Alps subzones
were represented by following nappe
structures: a) The Malesi e Madhe Subzone
overthrusts the Cukali-Budva Zone for
about 40 km, from north and north-west of
Cukali Mountain up to Taraboshi Mountain
foots, b) the Valbona Subzone overthrusts
the Malesi e Madhe Subzone at fronts of
Budace and Thethi blocks.

4. The Valbona Subzone during
its  paleogeographic  evolution has
represented a linking slope between the
Malesi e Madhe neritic platforme and the
Vermoshi pelagic basin.
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STUDIM MBI FRAKTALITETIN E GARJEVE NEOTEKTONIKE DHE SIZMICITETIT TE SHQIPERISE

ILIR KANE", HAMzA RECI™, BETIM MUCO*

ABSTRAKT

Shqipéria éshté njé vend me njé shkallé té larté sizmiciteti. Mé pérpara jané béré studime
mbi thyerjet aktive dhe né kété studim ne prezantojmé njé diskutim qé ka té béjé me analizén
fraktale té ¢arjeve neotektonike aktive.

Pér té llogaritur dimensionin fraktal D, té kapacitetit té ¢arjeve aktive ne Shqipéri ne kemi
pérdorur metodén e llogaritjes me geliza katrore (box-counting). Gjithashtu mé tej duke e
ndaré rajonin né blloge té ndryshme ne llogarisim dimensionin fraktal ne secilén prej tyre dhe
si rezultat béjmé té mundur krijimin e njé harte té shpérndarjes sé vlerave té kétij dimensioni
né rajon.

Si rezultat i késaj shikohet njé vleré relativisht e ulét e D, né mesin e rajonit duke krijuar nje
brez me vleré té ulét te D i cili e ndan rajonin né dy zona me vlera té larta té tij Njé interpretim
i késaj ndarjeje mund te lidhet me thyerjen tektonike transversale Elbasan-Dibér. Ky sistem
carjesh éshté konsideruar si njé kombinim i njé rrjeti ¢carjesh te pjesshme. Mé tej ne kalojmé
me llogaritjen e dimensionit tjetér fraktal g€ quhet dimension i korelacionit D, duke perdorur
si bazé té dhénash sizmicitetin e rajonit. Pér kété ne pérdorim metodén e korelacionit integral
duke pérdorur ngjarjet me magnitude M > 3.5 né intervalin kohor 1990-2011. Mé tej shikojme
edhe ndryshimin e ketij dimensioni D_me kohén duke pérdorur dritare té njépasnjéshme né
kohé me nga 50 ngjarje secila. Disa dritare té cilat karakterizohen nga vlera té uléta t€ D_
jane vrojtuar mé tej, duke shfaqur njé grumbullim té térmeteve pérreth dy térmeteve me
magnitudé M >5.

Fjalé kyge: dimensioni fraktal, thyerje neotektonike , sizmiciteti.

HYRIJE

Koncepti i fraktaleve i cili u pérdor nga
Mandelbrot (1983) éshté pérdorur né
shume aplikime té cilat studiojné objektet

pércaktuar, té keté njé varési fugie me veté
madhésiné. Pérkufizimi bazik éshté dhéné
nga Turcotte (1997):

dhe fenomenet natyrore. Gjithashtu fusha . C
té ndryshme té gjeofizikés kané pérdorur Ni_lﬁ (1)
teoriné e fraktaleve si nje mjet té fugishém 1

pér te pérshkruar fenomene komplekse

AU S o A N éshté numri i objekteve té
sic jané térmetet té cilat kualifikohen

specn’lkuara té cilat karakterizohen nga

si fenomene jo té rregullt apo stabél
(Turcotte 1997).

Fraktaliteti né thelb perfagéson nje
veténgjashméri te fenomeneve dhe nje
varési lineare ne shkallén e fuqisé té
madhésive té tyre. Shpérndarja fraktale
kérkon gé& numri i objekteve me njé
madhési mé té madhe se sa njé madhési e

dimensioni linear r, C éshté konstante e
proporcionalitetit dhe D éshté dimensioni
fraktal.

Pér té matur gradén e heterogjenitetit
té aktivitetit sizmik ne nje sistem carjesh
tektonike jané pérdorur disa lloje té
dimensioneve fraktale. Té gjithé kéta
kontrollohen si nga heterogjeniteti i fushés

*Shérbimi Gjeologjik Shqiptar, SHGjSh

“Instituti i Gjeoshencave Energjise Ujit dhe Mjedisit, IGIEUM.
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sé stresit ashtu edhe nga heterogjeniteti
gjeologjik dhe strukturor. Dimensionet
fraktale té perfituar nga metoda té
ndryshme zakonisht reflektojné njé aspekt
té veganté té invariancés sé shkallés qé
studiojné dhe si té tillé nuk ka nevojé qé
té jené té barabarté ose pozitivisht té
korelueshém, (Turcotte 1997).

Né kété studim ne po i véEmé sé pari njé
réndési shpérndarjes fraktale té sistemit té
carjeve aktive té cilat karakterizohen nga
njé dimension fraktal gé quhet dimension
fraktal i kapacitetit, q¢ shenohet me D,
dhe sé dyti fraktalitetit té sizmicitetit né te
njéjtén zoné e cila perftohet nga llogaritja
e dimensionit fraktal te korelacionit dhe
shénohet me D..

Turcotte (1986) propozoi njé model
fraktalesh i cili studion deformimet e kores
duke marré si fakt qé dimensioni fraktal
pérbén njé fraksion té zhvendosjes totale
gé ndodh né carjet primare. Sizmiciteti
lidhet me sistemin e carjeve té cilat
kontrollojné sjelljen gjeodinamike té
krijimit té térmeteve. Dimensioni fraktal
i carjeve lidhet ne ményré sasiore me
sizmicitetin sipas relacionit D=2b, ku b
éshté vlera b e relacionit té Gutenberg-
Richter (Turcotte 1997). Modeli tektonik
per nje shpérndarje fraktale té carjeve
éshté propozuar nga King (1986),Turcotte
(1986). Studime té métejshme té
shpérndarjes fraktale jané kryer nga Aki et
al. (1981), Roy and Ram (2005), Sengupta
et al. (2011). Autorét e mésipérm pérdorin
metodén e kuadrateve (box-counting)
pér té llogaritur dimensionin fraktal té
kapacitetit D, té sistemit té carjeve. Me
kété metodé, pér analizén e carjeve né
relacionin (1) N, &shté numri i kutive gé
mbulojné té gjithé sistemin e carjeve
dhe r, éshté dimensioni i njé kutie né
formé katrore. Duke numéruar kutité te
cilat mbulojne carjet pér ¢do madhési
té ndryshme ne mund té pércaktojmé
dimensionin fraktal D, duke llogaritur
pjerrésiné e varésisé lineare té kétyre dy
madhesive né njé shkallé logaritmike.
Ky relacion éshté i aplikueshém pér kufij
té shkallés r brenda te ciléve ekzistojne
struktura me veténgjashméri (Turcotte
1997).

Kjo metodé e pércakton dimensionin
fraktal té kapacitetit té shpérndarjes sé
carjeve me ané té formulés:
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_logN(r)

0 1
log ;)

(2)

Ku N(r) éshté numri i kutive me brinjé
me gjatési r té cilat pérmbajné brenda
tyre carje ose dukuriné qé studiohet. Me
fjalé té tjera, né qofté se kéto dukuri
ose karakteristika qé studiohen kané
statistikisht njé karakter fraktal atéhere
varésia e tyre né shkallé logaritmike mund
té pérafrohet me njé vijé té drejté né njé
interval té caktuar té gjatésisé r. Pjerrésia
e késaj vije do te jeté dimensioni fraktal i
kapacitetit D, (Turcotte 1997, Preuss 1995).

Né rastin e studimit té sizmicitetit ne
pérdorim njé metodé té ndryshme. Pér
kéte rast ne pérdorim multifraktalitetin i
cili konsiston ne pércaktimin e dimensionit
té korelacionit Dc. Kjo metodé pérdoret
pér llogaritien e dimensionit fraktal
hapésinor té epigendrave té térmeteve
duke pérdorur dimensionin e korelacionit
D.. (Grassberger and Procaccia, 1983):

logC(r)

3
logr G

Dc = lim
r—0

ku r éshté rrezja e zonés ge studiohet dhe
C(r) éshté integrali i korelacionit i cili jepet
me:

N N
2
C(T):N(N——l)z Z H(r—-r;) (4)

j=li=j+1

ku N éshte numritotal i pikave né nje dritare
e ngjarjeve té cilat pérdoren pér llogaritjen
e D, r éshte madhésia e shkallés, r; éshté
distanca midis dy pikave respektive dhe
H(x) éshté funksioni shkallor i Heaviside
(H(x) = 0 kur x £ 0 dhe H(x)=1 kur x>0).
Me fjalé té tjera C(r) éshte nje funksion i
probabilitetit qé dy pika té jené té ndara
nga nje distancé mé e vogel se r né nje
dritare te caktuar ngjarjesh. Né rastin e
nje shperndarjeje fraktale do té kemi nje
shpérndarje hapésinore té pikave e cila
nuk do té varet nga madhesia shkallés sé
studimit dhe rrjedhimisht C(r) do te jeté
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nje funksion fugie ne lidhje mer:

lim C(r) ~7rPe
r—0

(5)

Dhe si rezultat i késaj grafiku i funksionit
logC(r) — log(r) do té jeté njé vijé e drejté
dhe pjerrtésia e saj do té jeté dimensioni
fraktal D

Duke pérdorur kété metodé, pércaktojmé
D. nga llogaritja e pjerrtésisé sé nje vije
té drejté né grafikun logaritmik te C(r) me
r, né njé zoné te zgjedhur ku shikohet njé
varési lineare e kurbes. Né praktiké pér
vlera té medhater, D. do té vérehet té jeté
artificialisht e ulét kur pér vlera té vogla té
saj D, do té verehet té jeté artificialisht e
larté. Vlera D = 2 do té korrespondojé me
njé zoné té mbushur komplet me epigendra
té térmeteve dhe D.= 0 do té thoté gé té
gjitha epigendrat jané mbledhur né nje
zoné shumeé té vogél. Kur r éshté mé e vogél
se distanca mé e afért midis dy pikave ku
po studiohet dimensioni fraktal, ateheré
C(r) dhe Ds do te tentojné drejt zeros. Ky
rast ekstrem quhet “depopullim”. Né anén
e ekstremit tjeter kur r e kalon diametrin e
njé grumbullimi pikash apo ngjarjesh, C(r)
do té arrijé pikén e saj maksimale. Né kété
rast do jené numéruar té gjitha ciftet e
pikave gé futen né llogaritje. Ky rast njihet
si “mbigopje”. Té dyja rastet, depopullimi
dhe mbingopja do té dallohen né té dhéna
té cilat konsistojné nga njé numér i limituar
i pikave té tyre brenda nje volumi apo
siperfage té fundme.

Me fjalé té tjera deviacioni nga varésia
lineare né pjesén e madhe té shkallés jané
té lidhura me madhésiné e kampionimit
kurse ne pjesén e vogél jané té lidhura me
efektet kufitare té té dhénave né rajonin
e studimit. Ashtu si¢ éshté diskutuar
nga Eneva (1996), De Rubeis et al (1993)
shpesh heré éshté mé e sigurt pér té
filluar llogaritjen me njé interval vlerash
té r duke filluar nga 1/3 e madhésisé sé
zonés. Ne filluam llogaritjet me ry,= 10
km, e cila éshté edhe gabimi i pércaktimit
té epigendrés and r., = 60km e cila éshté
1/3 e zonés qgé studiojmé.

Pér té llogaritur D_ pérdorim metodén
e katroréve mé té vegjél. Duke studiuar
analizén e béré nga Rubeis et. al (1993),
ne pranuam N=50 si minimumin e ngarjeve
gé duhen pérdorur pér llogaritjen e D..
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Dimensini hapésinor i korelacionit jep
njé vlerésim sasior té grupimit hapésinor
té epigendrave té térmeteve si dhe
sizmicitetit né njé rajon dhe éshte studiuar
gjerésisht nga shumé autoré si Aki (1987),
King (1986), De Rubeis et al (1993), Oncel
and Wilson (2002), Roy and Mondal (2009).
Né kété studim duke marré si shembull
punén e béré nga Roy and Modal (2009),
ne zgjodhém dritare té njépasnjéshme me
nga 50 ngjarje dhe brenda tyre llogatitém
D.. Duke lévizur kété dritare brenda
katalogut né ményré té njépasnjéshme ne
jemi né gjendje té shikojmé variacionin e
D, sipas kohés.

Thyerjet Tektonike

Shqipéria né pikmamjen gjeologjike dhe
sizmotektonike pérfagéson njé rajon té
komplikuar. Ky rajoni karakterizohet nga
nje mikrosizmicitet i dukshém (numér i
madh i térmeteve té vegjél), térmete me
magnitude mesatare qé kané denduri té
shpérndaré (M 5.5 — 5.9) dhe térmete te
médhenj (M > 6.5) me denduri té rrallé.
Shumica e térmeteve té médhenj kané
ndodhur pérgjaté tre zonave sizmike té
mirépércakuara (Aliaj 2000).

e Zona e bregdetit te Jon-Adriatikut gé
shtrihet veri-veriperéndim gé koingidon
me kufirin midis pllakés Europiane dhe
mikropllakés sé Adrias

e Zona brezore e Peshkopi-Korggé, qgé
shtrihet veri-jug té pjesés lindore te
vendit.

e Brezi transversal Elbasan-Dibér-Tetové,
gé shtrihet nga jugperéndimi né
verilindje

Orogjeni shqiptar shtrihet né pjesén mé

jugperéndimore té pllakés Euroaziatike

dhe éshté njé zoné konvergjente pér shkak
té lévizjeve drejt verilindjes té pllakés sé

Adriatikut (mikropllaka e Adrias). Orogjeni

éshtéindaré né dyfusha té regjimit tektonik

te sotém. E para éshté zona e bregut te

detit gé dominohet nga kompresioni, e

dominuar nga mbihypje dhe rrudhosje me

drejtim veri-veriperéndimor, dhe e dyta
éshté pjesa e brendshme e cila dominohet
nga carje normale me drejtim verior.

Depozitat e Pliocen-Kuaternarit né Mesdhe

dhe veganérisht né Shqipéri karakterizohet

nga njé ngritje progresive. Fillimi i Pliocenit

dallohet nga njé tektoniké e zhvilluar, e
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cila ndikon rajonin e brendshém té vendit
dhe ka krijuar strukturén e tij grabenore.
Thyerjet jané analizuar statistikisht dhe
éshté vlerésuar réndésia e tyre pér cdo
zone sizmogjenike. Zonat e burimeve
sizmike né Shqipéri u pércaktuan duke
marré né konsideraté regjimin e sotém
tektonik, katalogun e ngjarjeve né Shqipéri
si dhe katalogun e ploté té térmeteve té
vegjél nga 1964 — 2002 (Peci et al 2002).

Nga kéto konsiderata, sizmiciteti rajonal
u nda né 10 zona té burimeve sizmike té
cilat tregohen ne Fig. 1. Né Tabelén 1 jepen
gjithashtu disa parametra pér cdo zoné
sipas Aliaj et al. (2004).

350 400 450

- 4750

- 4650

4600

4550

|- 4500

| 4450

Figura 1. Harta e garjeve active né Shqipéri.
Poligonét tregojné zonat e burimeve sizmike (Aliaj
et al 2004). Harta éshté pregatitur me Wessel and
Smith 1998

Tabela 1. Tabela e zonave sizmike dhe vlerat e alfa,

beta dhe Do .
Sip.
Zona Zonés| Beta | Alfa Do

(km?)
Ohrid-Korca, KO 2760 1.44| 242 1.1
Kukesi-Peshkopia, KP 1480 1.75| 481 1.31
lonian Coast, IC 16600 1.40/ 692 1.31]
Elbasani-Dibra-Tet, EDT| 2660 1.99/3142 1.05
Periadriatic Lowland PL| 7460 1.61] 914 1.19
Lezha-Ulqini, LU 5140 1.52| 293 1.28
Shkup, SK 1570 1.99 778 -
Shkodra-Tropoja, ST 1740/ 2.03F 418 0.98-
Peja-Prizreni, PP 57200] 2.03F 6075/0.89-1.15|
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Llogaritja e D,

Pér té llogaritur dimensionin fraktal te
shpérndarjes sé sistemit té ¢arjeve ne kemi
pérdorur metoden e kutive. Llogaritja e
paré éshté béré duke marré ne konsideraté
té gjithé sistemin e carjeve té rajonit si té
téré. Né Fig. 2 dhe Fig. 3, tregohet mbulimi

i} 200
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43

a

[
0 20 40 60
39"

18"

39"

19"

20° 21"

Figura 2. Shpérndarje e ¢arjeve e mbuluar me kuti
me dimension r = 4 km. Poligonet pérfagesojné
zonat e burimeve sizmike. Harta éshté pregatitur nga
autorét e studimit.
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Figura 3. Shpérndarje e ¢arjeve e mbuluar me kuti
me dimension r = 8 km. Poligonet pérfagesojné
zonat e burimeve sizmike. Harta éshté pregatitur nga
autorét e studimit.
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i carjeve tektonike me kuadrate ose kuti
me madhési 4 km dhe 8km pérkatésisht.
Duke pérdorur njé interval 4-20 km te
kuadrateve né grafikun e varésisé LogN =
Log (1/r) ne mund té pércaktojmé vlerén e
D, = 1.38 (Fig. 4) pér té gjithe shpéndarjen
e carjeve tektonike né vend.

.
7 T= 1.318730 +- 0.039

logNr

4 T
-3 -2 -1
log1/r
Figura 4. Grafiku Log- Log i pérfituar nga metoda e
kutive. Kjo tregon varésiné lineare nga ku pjerrtésia e
vijés éshté edhe dimensioni fractal i kapacitetit DO =
1.38 i llogaritur pér gjithe Shqipériné.
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- 42730
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Figura 5. Dimnesioni fractal Do i llogaritur pér ¢do
kuadrat 50x50 km.

Njé vlerésim tjetér éshté béré duke e ndaré
zonén ne kuadrate me gjatési 50 km secili.

Né Fig. 5 tregohen vlerat e D, té llogaritura
pér cdo kuadrat i cili pérmban carje ose
fragmente carjesh. Né Fig. 6 jepet nje harte
e shpérndarjes sé vlerave te D,.

19°00" 19°30" 20°00' 20°30 21°00

42°30"
42°00'
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41730
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40°30"

40700
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Figura 6. Harta e shpérndarjes sé DO né Shqipéri
Llogaritja éshté béré né blloge 50x50 km.

Njé pérpjekje tjetér éshté béré duke
llogaritur D, pér cdo zoné sizmike. Qéllimi
éshté té karakterizohet ¢do zoné sizmike
me vlerén e vet té D,. Kéto rezultate jané
paraqitur né Tabelén 1 sé bashku me
vlerat e alfas dhe vlerat e b. Derisa D,
éshté e lidhur me denduriné e garjeve dhe
me linearitetin e rrjetit té tyre ne mund ti
pérdorim keto madhési pér té karakterizuar
¢do zoné sizmike.

Té dhénat sizmologjike té pérdorura

Pér llogaritjen e D, jané pérdorur té dhenat
e marra nga katalogu i ISC (ISC 2011). Pér
kété morrém né konsideraté ngjarje me
magnitudé M > 3.5 (Fig. 7). Me kéto té
dhéna qé pérbéjné né total 886 ngarje u
formuan 18 dritare me nga 50 ngjarje secila.
Dritarja me 50 ngjarje u perzgjodh pér
géllim té dedektimit té anomalive me Dc té
ulét pérpara térmeteve me magnitudé M >
5. Né Fig. 8 tregohet shpérndarja né kohé e
ngjarjeve me M > 3.5 si dhe variacioni i Dc
pérgjaté kesaj kohe.

REZULTATET DHE DISKUTIM

Dimensioni fraktal i kapacitetit D, i cili
pérdoret pér té vlerésuar né ményré
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Figura 7. Katalogu i térmeteve pér vitet 1990-2011
me M > 3.5. Me ngjyrén gri shénohen ngjarjet me M
> 5 (ISC 2011).
sasiore shpérndarjen e sistemit té carjeve
llogaritet pér té béré njé analizé té
kompleksitetit té carjeve tektonike té cilat
kontrollojné aktivitetin sizmik né rajon.
Nga ky studim ne nxorrém njé vlere te
D, = 1.38 duke marré parasysh té gjithé
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afér 2 tregon qé zona éshté e mbushur me
elementé struktural tektoniké, kurse vlera
afér 1 tregon se strukturat qé tentojné
te jené orientuar sipas njé vije jané mé
dominante né rajon. (Aki 1981, Turcotte
1997).

Vlerat e D, ne Shqipéri jané konsideruar té
uléta dhe té moderuara duke u krahasuar
me sistemin e thyerjeve si lokale ashtu
edhe rajonale té studiuara né rajone té
tjera nga Ram and Roy (2005), Ozer and
Ceylan (2012) .

Duke korreluar llogaritiet e béra né
blloge té ndryshme ne krijuam njé harté
shpérndarjeje t&€ D,. Nga kjo gjé duket
gé Shqipéria éshté e ndaré né dy zona
kryesore qe karakterizohen me vlera té
larta te D té cilat ndodhen njé né veri dhe
tjetra né jug té vendit. Té dy kéto zona jané
jané té ndara nga njé zoné me vleré té ulét
te D, e cila kalon si brez ne mes te rajonit.
Njé interpretim i ketij fenomeni mund
té jeté qé kjo gje te keté lidhje me carjen
transversale tektonike Elbasan — Dibér. Kjo
thyerje éshté konsideruar si njé kombinim
i nje njé sistemi carjesh té fragmentarizuar.
Nje vleré e ulét e D né kété zoné éshté
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Figura 8. Lart: Variacioni i Dc pér ngjarjet nga katalogu i ICS me M > 3.5. Poshté: Shpérndarja e térmeteve né
kohé si dhe dritaret me nga 50 ngarje secila té pérdorura pér llogaritjen e D..

zonén. Duke e ndaré zonén né blloge té
ndryshme ne studiuam ndryshimin e D, ne
rajon, ndryshim i cili varet nga shpérndarja
e sistemit té carjeve. Vlera e D, né rastin
toné varion midis 0.5 — 1.3. Zonat me
vleré té vogel pérfagesojné nje mbulim te
vogél té sipérfages me carje kurse vlerat
e médha tregojné njé mbulim maksimal
me carje pér té njéjtén zoné. Njé vleré e D
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né sinkron me teoriné ge sistemi i carjeve
éshté i shpérndaré ne grupezime carjesh.
Nga kjo rrjedh gé edhe sizmiciteti né kété
ZONEé té jeté i larté.

Né kété zoné té mesit si¢ del edhe nga
observimet e metejshme, te dimensionit
fraktal té korelacionit D, qé& éshté
dimensioni i dyté qé llogaritém ne
kété studim, ne do té vérejmé qé né
kété zoné ekzistojné grupézimet mé té
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Figura 9. Shpérndarja e térneteve té cilat ndodhen né
dritaret me vlera té uléta té Dc. Me rrathé té zinj jané
shénuar térmetet me M > 5.

médha té térmeteve té cilat shogérohen
gjithashtu me vlera té uléta té D.. Veté D,
éshté menyré shumé e dobishme pér té
karakterizuar shpérndarjen e epigendrave
té térmeteve né hapésiré dhe kohé.

Duke llogaritur vlerat e D, mbi vlerat e
katalogut né vérejmé se si luhaten kéto
vlera né varési té kohés. Né figurén 8,
vérehet kjo luhatje dhe nga ky grafik mund
te vecojme dy zona me vleré té ulét té
D.. Njé nga kéto zona korrespondon me
dritaret e kohés 11, 12 dhe tjetra me ato
15, 16.

E para korrespondon me dritaren gé
pérfshin ngjarje para dhe pérfshiré
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Figura 10. Shpérndarja e D. pér ngjarjet me D. té ulét.
Me rrathé té bardhé shénohen veté térmetet.
térmetin e Himares né 2006 kurse dy
dritaret e tjera me até té Peshkopisé né
2009. Né té dyja kéto raste ne shikojmé
grupézimin e ngjarjeve té térmeteve,
gjé gé te con né evidentimin e zonave té
mundshme me stres té larté.

Duke krahasuar shpérndarjen e D, dhe D,
ne vérejmé qé ato pérputhen né té njejtén
zoné e cila karakterizohen nga vlera té
uléta té tyre dhe kjo pérputhet me brezin e
carjes transversale Elbasan — Dibér ku disa
autoré jané té bindur qé éshté njé zoné e
cila akumolon stres (Nago et al 2011).

Né pérpjekje pér té patur njé ide sa me
té qarté té shpérndarjes se dimensionit
fraktal te kapacitetit D, duhet ge ky studim
te kryhet mbi harten e ploté tektonike te
Shqipérisé.
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A FRACTAL APPROACH OF THE NEOTECTONIC FAULTS AND SEISMICITY OF ALBANIA

ILIR KANE", HAMzA RECI™, BETIM MUCO*

ABSTRACT

Albania is a country with a high rate of seismicity. Studies of active faults in the country are
carried out before and in this study we present a discussion regarding the fractal analysis of
active neotectonic faults.

The capacity fractal dimension D, of the active fault distribution for the country using box
counting method has been calculated. Dividing the region in different blocks we calculate the
fractal dimension on each one of them with the result of mapping also its distribution. The
results show a relative low value of Dyin the middle of the country, a part that separates it in
two zones with higher D,.

An interpretation is that this separation might be related to Elbasan-Diber transversal tectonic
fault. This fault system is considered as a combination of a fragmented fault’s network.
Further calculation of fractal correlation D.is considered using the seismicity of the country.
We use the correlation integral to calculate this value. We take events with M > 3.5 from 1990-
2000 and observe the fluctuation of D.with time taking a window of consecutive 50 events. A
few windows characterized with low D, are observed, which show clustering of earthquakes
around two earthquakes with M>5.

Key words: fractal dimension, neotectonic faults, seismicity, box-counting,

INTRODUCTION linear dimension ri, C is a constant of
proportionality and D is the fractal

The concept of fractal that Mandelbrot dimension.

(1983) introduced has been used in many
applications for studying the natural
objects. Also different fields of geophysics
have used fractal theory as a powerful
tool for describing complex unstable and
irregular phenomena and earthquakes are
one of them (Turcotte 1997).

Fractality implies power-law scaling and
self-similarity. Fractal distribution requires
that the number of objects larger that a
specified size has a power law dependence
on the size. The basic definition is given by
Turcotte (1997)

Ni=— (1)

where Ni is the number of specified
objects (ie fragments) with a characteristic

Various fractal dimensions may be used
as a quantitative measure of the degree
of heterogeneity of seismic activity in
faults system. These in turn are controlled
by heterogeneity of the stress field and
the pre-existing geological, mechanical
or structural heterogeneity. Fractal
dimensions obtained by different methods
generally reflect different aspect of scale
invariance and need not to be equal or
positively correlated, Turcotte (1997).

We highlight the fractal distribution of
active fault systems characterized by the
capacity fractal dimension D, and the
fractality of the seismicity on the same area
estimated by the correlation dimension D..

Turcotte (1986) proposed a fractal model
to study the crustal deformation given
that the fractal dimension vyields the

"Albanian Geological Survey, AGS

“Institute of Geosciences, Water and Environment, IGWE.
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fraction of the total displacement that
occurs on the first order or primary faults.
Seismicity is related to the inherent fault
systems that control the geodynamic
behavior of earthquake occurrences.
The fractal dimension of faults has been
related quantitatively to the seismicity as
D=2b, where b is the Gutenberg-Richter
b-value (Turcotte 1997). Tectonic model
for a fractal distribution of faults have
been proposed by King (1983, 1986),
Turcotte (1986). A further study of fractal
distribution of faults has been carried out
by Aki et al. (1987), Roy and Ram (2005),
Sengupta et al. (2011).

Above authors use box counting method
for estimating capacity dimension D, of
the fault system. In this method for fault
analysis on the above relation (1) Ni is
the number of boxes that cover the fault
system andriis the size of the box. Counting
the number of boxes that occupy faults for
each box size we can estimate the fractal
dimension D as a slope of the linear fit of
log-log relation. This relation is applicable
for ranges of scale r within which self
similarity structure exists. (Turcotte 1997)

This method estimates the capacity
dimension of the faults distribution and is
defined by

logN(r)
Dy = ———
log ()

Where N(r) is the number of boxes of
length r occupied by point sources. If the
set of sources or features has a statistical
fractal character the log — log relation can
be approximated with e straight line in a
certain range of r. The slope of the line will
be the capacity dimension D,. (Turcote
1997, Preuss 1995)

As for seismicity we make a different
approach, using multifractality which
consist in the estimation of the correlation
dimension D_. This method is used for
calculation of spatial fractal dimension
of earthquake epicenters using the
correlation dimension D, (Grassberger and
Procaccia, 1983).

(2)

logC(r)

3
logr G

Dc = lim
r—0
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Where r is the radius of a sphere of
investigation and C(r) is the correlation
integral given

N N
2
C(T)=mz z H(r-m;) (4)

j=1li=j+1

Where N is the total number of points
in the sample window of events used to
calculate D, r is the length scale, r; is the
distance between the points of a set and
H(x) is the Heaviside step function (H(x) =
0if x <0 and H(x)=1 if x>0). In other words
C(r) is a function of the probability that two
points will be separated by a distance less
than r in the given window. In the fractal
distribution the spatial distribution of
points exhibits scale-invariance and C(r)
must follow a power law

lim C(r) ~rPe (5)
-0

Where the resulting plot of logC(r) — log r
will be a straight line whose slope will be

.

Using this method, we estimate D. by
evaluating the slope of the best-fitted
straight line to the logarithmic plot of
C(r) versus r, to a subjectively chosen
straight part of the curve. In practice, for
large values of r, D. will be artificially low,
whereas for small values of r, D. will be
artificially high.

The value of D, = 2.0 corresponds to an
area entirely filled with epicenters and D,
= 0 it means that all the epicenters are
concentrated in a very small area.

When ris less than the smallest inter-point
distance in the fractal dimension, both C(r)
and D, would tend to zero. This extreme
is known as “depopulation”. At the other
extreme, when the value of r exceeds the
diameter of the dense cluster of points, C(r)
would reach a maximum limit when all the
available pairs of points would have been
counted. This is known as “saturation”.
Both depopulation and saturation will
appear in data set that consists of limited
number of data points within a volume of
finite site.

So deviations from linear dependence in
the range of large scales are connected
with the finite size samples, while the
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other deviation in the range of small scales
reflects the boundary effect of data for
the region of investigation. As discussed
by Eneva (1996), De Rubeis et al (1993) it
is often safe to start the scaling range at
values of r as low as rn/3

We took r; = 10 km which is the error of
epicenter location and r, = 60 km which
is considered as one third of the studied
area.

The least square method is employed to
calculate the Dc values which would be in
the range 0-2 because we used epicentral
and not hypocentral distribution of
earthquakes).

Studying the detailed analysis carried out
by De Rubeis et al. (1993), we accepted
N=50 to be the minimum number of events
used in fractal dimension calculation
according the option of calculating Dc for
catalogue subsets with a fixed number of
events (De Rubeis et al., 1993).

The spatial correlation dimension D,
provides a quantitative measure of the
spatial clustering of the epicenters and
also the seismicity of the region and is
widely studied from many authors Aki
(1987), King (1993), De Rubeis et al (1993),
Oncel and Wilson (2002), Roy and Mondal
(2009).

In the present study following the work
done by Roy and Modal (2009), Roy and
Nath (2007) windows of consecutive 50
events are studied for calculations and
we analyze the variation of Dc over each
window and plot them as a variation of D,
with time.

NEOTECTONIC FAULTS

Albania is geologically and
seismotectonically a rather complicated
region. The country is characterized by
obvious microseismicity (a high number of
small earthquakes), sparse medium-sized
earthquakes (magnitude M 5.5 - 5.9), and
rare large earthquakes (magnitude M>6.5).
Most strong Albanian earthquakes have
occurred along three well-defined seismic
belts (Aliaj2000):

e the lonian-Adriatic  coastal  belt
extending northwest to north-northwest
and coinciding with the the boundary
between the European plate and the
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Adria microplate;

e the Peshkopia-Korca belt, extending
north-south in the eastern part of the
country;

e the Elbasani-Dibra-Tetova transverse
belt, extending southwest-northeast
across the former two belts.

The Albanian orogen lies on the south-
westernmost part of the Eurasian
plate, and is a convergent zone due to
northeastward movement of the Adriatic
plate (= Adria microplate). The orogen is
divided into two domains of the present-
day tectonic regime: a coastal domain of
compression dominated by northwest
to north-northwest striking thrusts and
folds, and an interior domain of extension
dominated by north-striking normal faults.
Two offshore regions, the South The
Pliocene-Quaternary embraced strong and
progressive uplift in the Mediterranean
region, particularly in Albania. The
commencement in the Pliocene was
distinguished by extensional tectonics,
which affected the interior domain
of the country and created its horst-
graben structures. The faults have been
statistically analyzed and their importance
assessed for each seismogenic zone.

Seismic source zones in Albania were
determined from consideration of the
present-day tectonic regime of the region,
the subset of the Albanian catalogue, and
the full catalogue for smaller earthquakes
from 1964-2000 (Peci et al 2002).

From these considerations, the regional
seismicity of concern to Albania was
divided into 10 seismic sources shown on
Fig. 1 (Aliaj et al 2004). Maps are prepared
using Wessel and Smith 1998. On Table 1
are also given some parameters for each
zone studied by Aliaj et al. (2004).

Table 1. Seismic zones and their respective alpha, b
and Do values .

sur
Zone face | b jalpha Do
(km?)
Ohrid-Korca, KO 2760 1.44) 242 1.1
Kukesi-Peshkopia, KP 1480 1.75] 481 1.31
lonian Coast, IC 16600] 1.40/ 692 1.3]]
Elbasani-Dibra-Tet, EDT | 2660 1.99/3142 1.05
Periadriatic Lowland PL| 7460 1.61] 914 1.19
Lezha-Ulgini, LU 5140 1.52] 293 1.28
Shkup, SK 1570, 1.99| 778 -
Shkodra-Tropoja, ST 1740/ 2.03F 418 0.98-
Peja-Prizreni, PP 57200| 2.03F 6075/0.89-1.15|
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Figure 1. Map of active faults in Albania. Polygons
show the seismic source zones (Aliaj et al 2004). Maps
are prepared using Wessel and Smith 1998

D, Calculation

The distribution of the fault system is used
to calculate the fractal dimension D, using

% 20" 21

43’

o

39

Figura 2. Distribution of faults covered by boxes with
size r = 4 km. Green lines represent the neotectonic
faults. Also the seismic risk zones are shown in black
polygons.
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box counting method. The first calculation
was done taking into consideration the all
fault system as a whole. In Fig. 2 and Fig. 3
are shown the coverage of the faults with

18"
P

19° 20 21"

a5

42

a1

s
JB 20 40 60
39°
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Figura 3. Distribution of faults covered by boxes with
size r = 8km. Green lines represent the neotectonic
faults. Also the seismic risk zones are shown in black
polygons.
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Figura 4. Log- Log linearity for the box count method
accounting for the region. Slope of the line D = 1.38.

squares with size 4 km and 8 km. Using
the range of 4-20 km box sizes we see a
linearity on the logN-Log(1/r) plot from
where we could estimate the value of
fractal dimension Dy=1.38. (Fig. 4)

A different estimate was done dividing
the zone in squares of 50 km each. In Fig.
5 are shown the values of D, calculated
from each square which contain faults
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Figura 5. Fractal dimension D is calculated for each
cell 50x50km.

fragments. On Fig. 6, calculated values of
D, are interpolated creating a map of D,
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Figura 6. Map of distribution of D, in Albania.
Calculation is done on blocks 50x50 km.
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distribution.

Another approach is done calculating
DO for each seismic zone. The aim is to
characterize each zone with its D, value.
Values for each zone are shown on Table 1,
together with alpha and b-values of each
zone by Aliaj (2004). There is observed a
negative correlation between b-values and
D, for most of the seismic zones. Since D,
is related with the population of faults and

20"

020 40 60

T T
250 300

Figura 7. Figure 7. 1990-2011 catalog of earthquakes
M >3.5. Red circles show events with M>5 (ISC 2011)

the linearity of the fault network we can
use these numbers to characterize each
seismic zone.

Earthquake Data Used.

The calculation of D, are carried out for
all the catalogue of Albania, taken from
revised ISC catalogue (ISC 2011). We took
into consideration events with magnitude
M > 3.5.

Eighteen  consecutive  windows  of
50-events each were formed with a total
of 886 events The 50 event window was
taken on the basis of the detection of low
Dc anomaly prior to earthquakes bigger
than magnitude 5.

In Fig. 8 is shown the temporal distribution
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Figura 8. LTop. Variation of Dc for the events from ICS catalog, M >3.5. Bottom. Time distribution of earthquakes.

Windows are numbered on both graphs
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Figura 9. Distribution of D. for events from windows
characterized with low D.. Black circles are events
from respective windows and blue big circles are
events with M>5.

of events (M>3.5). Also D. values have
been plotted against mean time of each
50-events window for consecutive periods
to study the variation of D, with time

RESULTS AND DISCUSSION

Fractal capacity dimension D, which is
used in order to quantify the distribution
of fault system, is a quantitative fractal
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Figura 10. Distribution of D. for events from windows
characterized with low D. .White are events from
respective windows and big circles are events with
M>5,

analysis of complex tectonics that are
governing the seismic activity in the area.
From this study we estimated a fractal
dimension of Dy=1.38 considering the all
area.

Separating the zone in different blocks
we study the distribution of DO which is
dependent of the distribution of the fault
system. DO is found to vary from 0.5 — 1.3.
The lower value depicts the minimum
coverage of fault system and higher value
shows the maximum coverage of the
particular block. The importance of low
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and high value may be noted from such
distribution of fault system. A value close
to 2 suggests that all the area is filled
with structural elements while the value
close to 1 implies that line sources are
predominant (Aki 1981, Turcotte 1997).

The values of D, in Albania are considered
low to moderate comparing to the faults
of regional and local scale studied in other
regions by Sengupta (2011), Ram and Roy
(2005), Ozer and Ceylan (2012) .

Correlating these values we can create a
map of the distribution of D,. Albania is
separated in two main zones which are
located on north and south of the country
and are characterized by higher D, divided
by a low D, zone in the middle of the
country.

An interpretation is that this separation
might be related with Elbasan-Diber
transversal tectonic fault. This fault
system is considered as a combination of
a fragmented fault’s network. A low fractal
dimension of this region agrees with the
theory that the fault system is distributed
in a clustered matter. And this implies the
fact that also the seismicity of this zone is
considered high

In the middle zone as we will see from
further  observation of correlation
dimension we will see the most clustering
of earthquakes which are associated with
low values of fractal correlation dimension
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which is the second fractal dimension that
we estimate in this study.

The correlation dimension Dc, is a very
useful characteristics of distribution of
earthquake epicenters in space and time.

Calculating the Dc over the data catalog
we see that Dc is fluctuating with time. On
figure we separate two zones which are
characterized with low Dc values. One is
the zone corresponding to window 11 and
12 and the other one is corresponding to
windows 15 and 16.

On windows 11 and 12 we see a low value
of Dc which corresponds to the window
prior and including the earthquake of 2006
in Himara and on windows 15 and 16 we
see a low value of Dc which corresponds
to the window prior and including the
earthquake of 2009 in Peshkopia.

On both those windows we observe
clustering of events which is reflected with
low value of Dc.

Low value Dc sectors show zones of
higher clustering of seismicity and this
leads to possible high stress zones. Doing
a comparison of DO with Dc values we
see that they lineate the same zone that
it characterized with low values and this
is Elbasan-Diber transversal which some
authors agree is a zone of accumulating
stress.(Naco et al 2011)
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NDIKIMI | KUSHTEVE GJEOLOGJIKE NE BILANCIN UJOR TE UJEMBLEDHESIT TE TE BADOVCIT,
KosovE

SKENDER BUBLAKU®, ARJAN BEQIRAJ™, HAZIR CADRAKU™"

ABSTRAKT

Ky punim synon qé, népérmjet ballafagimit té kushteve hidrologjike me ato gjeologjike té
basenit ujémbledhés té Badovcit (Kosové), té tregojé ndikimin e kétyre té fundit né bilancin
ujor té ligenit té Badovcit. Formacionet ge ndertojne bazamentin e ligenit perfagesohen nga
gelgerore, formacione terrigjene, shkembinj magmatike e metamorfike qe shfaqin shkalle te
ndryshme carshmerie e cila kushtezon diefrenca ne ujepershkueshmerine e tyre. Analiza e
bilancit te hyrje-daljeve te ujit né ligen pér vitin 2014 tregon pér nje mungesé prej 3,682,905
m? uje e cila mund té vlerésohet si humbje uji nga ligeni. Ngritja prej 114 m e nivelit te ujit ne
minieren e Hajvalise per periudhen 2004-2014 si dhe rritja e vleres se pH te ujit te minieres
nga 6.5 ne rreth 7.0 i atribuohen infiltrimit te ujit nga bazamenti i ligenit drejt hapesirave te
minieres. Infiltrimi i ujit te ligenit drejt hapesirave te minieres eshte ndihmuar me sa duket nga
aktivizimi i carjeve gjate shperthimeve me oksploziv ne miniere dhe mosmarrjes se masave pér

konsolidimin e shkémbinjéve gjate ndertimit te diges se ligenit.

Fjalé kyge: Formacion gjeologjik, tektonike, hidrologji, ligen, Badovc, bilanc ujor

HYRJE

Ligeni i Badovcit u ndertua né vitin 1965 né
rrjedhjen e lumit Graganka, i cili éshté degé
e lumit Sitnica qé i takon pellgut té lbrit.
Ligeni u ndértua fillimisht me destinacion
ujitjen e tokes bujgésore por pas vitit 1980
éshté orientuar pér furnizimin me ujé te
pijshem té Prishtinés dhe rrethinave te
saj. Formacionet gjeologjike ge perhapen
ne basenin e Badovcit perfagesohen
nga gelgerore, formacione terrigjene,
magmatike e metamorfike te cilet
shfagin shkalle te ndryshme tektonizimi
e carshmerie (Klisi¢, 1995. Hyseni, 2000).
Bazamenti i diges ndertohet kryesisht nga
serpentinitet te cilat jane te pershkuara nga
carje e plasaritje té mbushura me kalcedon,
opal, karbonate dhe argjila. Nen boshtin
e bazamentit te diges kalon nje zone
tektonike me renie gati vertikale (Instituti
pér Hidroekonomi “Jarosllav Cerni”,1982)
e cila pervijohet sipas rrjedhjes se lumit
Graganka. Tektonika eshte kryesisht e
tipit mbihipes por ekzistojne gjithashtu

edhe disa shkarje diagonale dhe rralle
paralele (Hyseni, 2000). Me perjashtim
te gelgeroreve, formacionet e tjere
gjeologjike te basenit karakterizohen nga
ujepershkueshmeria e ulet.

Bazuarnetédhénathistorike sasiamesatare
e reshjeve ne Basen pér periudhén 1947-
1994 eshte 647.36mm, ndersa pér vitin
2014 reshjet e monitoruara né katér
pluviometra jané 859.95mm. Né vitin 2014
hyrjet e matura né profilin e digés jane
22,577,663 m® ose (0.72 m¥sek), ndérsa
daljet e monitoruara nga ligeni (marrjet e
ujit pér furnizim me ujé té pijshem, avullimi
dhe infiltrimi jane 11,494,758 m3. Duke
konsideruar ge bilanci i véllimit té nivelit
né vitin 2014 ishte pozitiv (7,400,000 m3),
bilanci hyrje-dalje né ligen rezulton me nje
mungesé prej 3,682,905 m? e cila perben
nje humbje uji nga ligeni. Gjate periudhes
kohore 2004 —2014, nivelii ujit ne minieren
e Hajvalise u ngrit rreth 114m (nga 386.0m
né vitin 2004 deri 500 m né vitin 2014),
ndersa vlera pH te ujit ne miniere u rrit
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nga 6.5 ne rreth 7.0 (Miniera e Hajvalise,
2014). Variacioni i treguesve te mesiperm
mbeshtet opinionin e nje komunikimi
hidraulik ne mes te ligenit dhe minieresi cili
mund te jete nxitur nga aktivizimi i sistemit
te carjeve nga shperthimet eksplozive ne
miniere.

METODOLOGIJIA

Kryerja e ketij studimi u parapri nga disa
vrojtime fushore mbi aspektet gjeologjike
e tektonike te formacioneve shkembore qe
ndertojne bazamentin e ligenit te Badovcit.
U siguruan te dhena mbi serite e reshjeve
historike dhe sasite e hyrje-daljeve te ujit
nga ligeni. Gjate vitit 2014 u bene matje
te reshjeve, nivelit te ujit ne ligen, hyrjeve
dhe daljeve te ujit nga ligeni. U siguruan te
dhena per shtrirjen e punimeve minerare
ne minieren e Hajvalise, te dhena per
ngritien e nivelit te ujit ne miniere per
periudhen 2004-2014 dhe te dhena
mbi kimizmin e ujit ge del nga miniera.
Te dhenat e mesiperme u perpunuan
ne menyre analitike dhe grafike per te
arsyetuar mbi bilancin ujor te ligenit dhe
ndikimin e punimeve gjeologo-minerare
ne humbjet e ujit prej tij.

NDERTIMI GJEOLOGJIK
Gjeologjia e basenit

Nga ana gjeologjike baseni i Badovcit i
takon zonés sé Vardarit e cila pérfagéson
brezin kufitar ndérmjet elementit té
Drino-lvanicés, si pjesé fundore e zonés sé
Dinarideve dhe masivit Serbo-Magedonas
(Elezaj dhe Kodra, 2008). Né ndértimin
gjeologjik te tij marrin pjesé gelgeroret,
formacionet terrigjene (melanzhi ofiolitik,
ranore, alevrolite, argjilite), magmatike
(gabro-diabaze, andezite, peridotite)
e metamorfike (shiste kuar-mikore,
shiste kloritike, shiste sericitike, filite,
gneise, mermere) (fig.1). Formacionet e
mesiperme kane pergjithesisht shtrirje
submeridionale, karakteristike per
dinaridet. Shkembinjte metamorfike jane
paleozoike, ndersa formacionet terrigjene
jane te moshes kretasike e terciare.
Melanzhi ofiolitik Jurasik, ge i takon
nénzonés sé Vardarit, éshté pjeserisht i
metamorfizuar dhe paragitet né trajté
té njé brezi té gjeré né pjesén e sipérme
té prroit Slivové dhe vazhdon né drejtim
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té Gjilanit (juglindje). Baseni i Badovcit
karakterizohet nga njé pérhapje e gjeré e
depozitimeve sipérfagésore té Kuaternarit
té pérfagésuara nga eluvione, deluvione
dhe proluvione (réra, zhavorre, réra-
lymore). Deluvionet pérhapen pothuajse
né gjithé shpatet kodrinore té basenit,
ndersa proluvionet pérhapen pérgjaté
luginave te prrenjve Mramur, Gracanka
dhe Slivové, né pjesén e mesme dhe
té poshtme té pellgut ujémbledhés té
Badovcit.

Gjeologjia e zonés sé digés

Né zonen e digés pérhapjen mé té madhe
e kané serpentinitet. Mé pak takohen
rreshpet filitike, shkémbinjté terrigjené
(ranoré, mergele, argjila) dhe gabrot
e diabazet. Serpentinitet paragiten né
formé té trupave té parregullt thjerrézore
me dimensione nga disa metra ne disa
kilometra, pérgjaté thyerjes dhe né
brendési té veté melanzhit ofiolitik.
Serpentinitet jané me pamje rreshpore,
dhe strukture rrjetore. Plasaritjet dhe
garjet né serpentinit jané té mbushura
me kalcedon, opal, karbonate dhe argjila.
Shkalla e pérajrimit dhe e g¢arshmérisé
sé serpentiniteve ka shumé réndési
sepse vepra inxhinierike — diga éshté e
mbéshtetur né kéta shkembinj. Prania e
nje zone tektonike me renie gati vertikale
(Instituti pér Hidroekonomi “Jarosllav
Cerni”, 1982) (fig. 2) né profilin e digés e
komplikon situatén e kullimit té ujit nga
ligeni drejt ujrave néntokésore. Rreshpet
filitike pérhapen né krahun juglindor
té digés dhe plani i foliacionit (S;) ka
shtrirje JI-VP. Diabazet kané njé pérhapje
né pjesén géndrore dhe juglindore dhe
takohen né formé bllogesh kompakte
dhe me strukturé primare té ruajtur miré.
Paraqgiten té epidotizuar dhe albitizuar né
shkallé té ndryshme.

Gabrot kané pérhapje té vogél dhe
paragiten né trajta thjerrézore e damarore
né brendési té serpentiniteve. Kané
strukturé kokrrizore gabrore dhe pérbéhen
nga plogjiokllazet, piroksenet, amfibolet,
epidotit etj. Jané mjaft té alteruara dhe
permbajne produkte sekondare si amfiboli,
epidoti, coisiti, kloriti, etj.
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Tektonika

Diga e Badovcit éshté e vendosur mbi
masivin serpentinit té Badovcit i cili
éshté ndaré né disa blloge te medha fale
tektonikes thyerese dhe nderfutjes te nje
numuri te madh te damareve kryesisht
gabrore. Masivi serpentinit rezulton te
jete mjaft i prekur nga levizjet tektonike
te cilat jane manifestuar me fraktura te
dimensioneve te ndryshme, te shkaktuara
me sa duket nga levizjet orogjenike
dhe wvullkanizmi i Miocenit (Hyseni,
2000). Shikuar ne aspektin regjional,
ky masiv paraget olistolite tektonike te
zones se Vardarit (strukturat shkembore
karakterizohen ~me drejtim  shtrirje
Veriveriperendim — Jugjuglindje (VVP - JIL)
te perfshira ne melanzhin ofiolitik gjate
Jurasikut te Siperm (Hyseni,. 2000).

Tektonika eshte kryesisht e tipit mbihipes
por ekzistojne gjithashtu edhe disa shkarje
diagonale dhe rralle paralele. Karamata
(1956) thekson se levizjet tektonike, te
cilat kane formuar strukturat e tanishme
te terrenit, jane shogeruar nga disa
deformime te vogla, kryesisht midis
masivit te serpentiniteve dhe gabrove te
amfibolizuara. Nga kjo mund te verejme
se serpentinitet rreth thjerrezave te
amfiboliteve jane mjaft te thyera dhe
te tjetersuara. Pergjate ketyre kufive
tektonike eshte mundesuar qarkullimi
i tretesirave hidrotermale te cilat jane
te lidhura gjenetikisht me vullkanizmin
dacito-andezit te ketij rajoni (Frangu,
2014). Bazuar edhe ne vrojtimet e kryera
mund te themi se masivi i serpenitiniteve
paraget ndertim bllokor, me dislokacione
te drejta dhe diagonale, ku blloget kane
levizur ne menyre diferenciale midis tyre
sipas tektonikave te karakterit mbulesor.

KUSHTET HIDROGJEOLOGIJIKE

Ndértimi i larmishém gjeologjik i
ujémbledhésit ka kushtézuar formimin e
disa akuifereve té ujérave néntokésoré
(KPMM, 2006).

Akuifere me c¢arje me ujepérshkueshméri
té ulét — Lidhen kryesisht me shistet
metamorfike, serpentinitet, gabrot,
bazaltet, diabazet; ushgehen kryesisht
nga reshjet atmosferike dhe shkarkohet

40

pérmes burimeve me kapacitet nén 11/s, té
cilét dalin né zonat e dobésuara tektonike.

Akufere karstike — Lidhen me shkémbinjte
gélgeroré té cilét paragesin akuifere té
réndésishem. Burimet gé dalin nga kéto
shkémbinj kané prurje mbi 1.0 I/s.

Akuiferi intergaranular - | pérket
depozitimeve aluviale té cilat paragesin
akuifere me ujédhénie mé té madhe né
kété ujémbledhés. Trashésia e tij luhatet
nga 3 deri 7 m. Ky akuifer ka pérhapje
kryesisht pergjaté luginave lumore. Prurjet
e ujit né puset e hapura né kéto depozitime
luhaten nga nga 2 deri 10 I/s.

Referuar hartés hidrokimike té Kosovés
1:200.000 (KPMM, 2006) ujérat
néntokésore né pellgun ujémbledhés té
akumulimit sipérfagésor té Badovcit i
takojné kryesisht tipit bikarbonat (50% <
HCO; <75 %). Pjesa e poshtme e alumulimit
i takon tipit hidokimik té pérzier té ujit me
pérbérje 25 < % Ca < 50 %, 25 < % Mg
<50 %, 25 < % Na < 50 % . Mineralizimi
i pérgjithshém ka vlera nén 500 mg/I,
ndérsa fortésia karbonate luhatet nga 12
deri 16°dH. Vlera e pH luhaten nga 7.2 deri
7.6, ndersa temperatura nga 12 deri 12.5
°C (Instituti pér Hidroekonomi ,,Jarosllav
Cerni”,1982).

HIDROLOGIJIA E BASENIT UJEMBLEDHES
Reshjet né basenin ujémbledhés

Monitorimi i reshjeve né pellg pér
periudhén  2013-2014, éshté  béré
nepermjet pluviometrave te instaluar

né katér pika té pellgut. Pozicionimi i
tyre éshté béré né menyre te tille gé té
pérfshijné né ményré té ploté reshjet né
basen. Té dhénat historike pér Basenin
ujémbledhés jané té periudhés 1947-1994
né vleré prej (647.36mm). Té dhénat e
matura pér vitin 2014 tregojne se reshjet
e monitoruara né katér pluviometrat jané
859.95mm llogaritur sipas metodés sé
mesatares aritmetike ose 870.28mm sipas
metodés sé Thissenit (Show, 2005).

Gjeomorfologjia dhe Hidrografia

Baseni ujémbledhés i Badovcit ka njé
sipérfage prej 104.1 km? dhe shtrihet né
njé lartési mbidetare nga 608 deri né 1200
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mbi nivelin e detit. Ujémbledhési i Badovcit
i pérket pellgut té lumit te Gragankés dhe
karakterizohet nga nje mbulushméri e
larte me vegjetacion té ulét dhe me pyje
ge arrin ne masen rreth 90% te siperfages
se tij. Ne lumin e Gracankes, ku éshté
ndértuar ligeni i Badovcit, derdhin ujrat
e tyre lumenjté Mramur, Slivové dhe
Androvina me njé gjatési prej 23.1 km.
Ligeni i ndértuar ka njé sipérfage ujore né
kotén maksimale prej 1.72 km? dhe thellési
maksimale 40m. Pér analizimin mé té miré
té kushteve hidrologjike né basenin éshté
ndaré né katér nénpellgje ujore gé pérmes
lumenjéve grumbullojne ujin né ligenin e
Badouvcit.

Hyrjet dhe daljet e ujit né basenin
ujémbledhés

Per vleresimin e hyrjeve dhe daljeve te
ujit nga ligeni i Badovcit jane analizuar
dy periudha kohore, periudha 2002-2013
dhe viti hidrologjik 2014. Marrjet e ujit per
periudhen 2002-2013 nga ligeni i Badovcit
kane gene 134,499,238 m? dhe kjo shifer
perputhet me luhatjen e nivelit te ujit ne
ligen gjaté késaj periudhe kohore. Késaj
vlere i shtohet edhe sasia e avullimit nga
sipérfagja e ligenit gé e llogaritur me
anen e formulés e Meyer-it, 1970 (Show,

2005) éshté 10,194,420 m3. Bazuar né
té dhénat e projektimit, sasia e llogaritur
e ujit te infiltruar né trupin e digés per
periudhen e mesiperme éshté 1,135,296
m3. Rezultatet e hyrjeve té ujit né profilin
e digés duke marré né kalkulim nivelin
e ujit, marrjet e ujit nga ligeni, avullimin
nga ligeni dhe infiltrimin né trupin e digés
pér (2002-2013) jané (145,068,954 m?)
ose (0.383 m¥sec). Duhet theksuar se né
vitet (2002 -2013) nuk kemi pasur matje
té prurjeve né basen. Hyrjet (prurjet e ujit)
e matura né vitin 2014 né profilin e digés
ishin 22,577,663 m® ose (0.72 m¥sec),
ndérsa daljet e monitoruara nga ligeni qé
pérfshijné marrjet e ujit pér furnizim me
ujé té pijshem, avullimin dhe infiltrimin
ishin 11,494,758 m3. Bilanci i véllimit té
nivelit né vitin 2014 ishte pozitiv, me nje
vleré prej 7,400,000 m3. Ne kete menyre,
bilanci hyrje-dalje (Gebreslase et al., 2012)
né ligen tregon pér nje mungesé prej
3,682,905 m? (Tabela 1) e cila mund té
vlerésohet si humbje uji nga ligeni pér vitin
2014.

Koeficienti dhe moduli i rrjedhjes pér
basenin ujémbledhés

Pércaktimi i koeficientit dhe modulit té
rrjedhjes pér basenin ujémbledhés te

Tabela 1. Bilanci ujor vjetor i ligenit té Badovcit per vitin 2014.

Muaijt P Eo VH VD AVL HI
0 5.0 6 7 8 (6)-(7+8)
Janar 21.2 38.8 395,480 753,730 -497,000 -138,750
Shkurt 3.5 53.1 348,500 709,970 -334,000 27,470
Mars 53.3 51.9 798,524 765,290 -213,000 -246,233
Prill 203.6 44.1 7,125,400 774,607 5,834,000 -516,793
Maj 109.2 57.0 6,748,712 960,103 5,087,000 -701,610
Qershor 59.8 76.2 1,318,836 1,061,127 -360,000 -617,709
Korrik 25.8 112.9 858,668 1,135,758 -567,000 -289,911
Gusht 35.1 118.0 425,000 1,160,069 -1,084,000 -348,931
Shtatore 130.7 38.2 730,000 1,091,061 -650,000 -288,939
Tetor 64.9 46.6 765,000 1,062,666 -678,000 -380,334
Nentor 91.2 25.2 1,600,000 1,007,155 487,000 -105,845
Dhjetor 62.4 13.3 1,463,542 1,013,223 319,000 -131,320
Vjetore 860.7 675.4 22,577,663 11,494,758 7,344,000 -3,738,905
Legjendé shpjeguese:

(P=Reshjet mujore (mm); Eo=avullimi mesatr ditore nga siperfaqeja e ligenit (mm/dite) ; VH=Vellimi hyres ne
lige (m3); VD=Vellimi dales nga ligeni (m3); AV=Ndryshimii velllimit te ligenit (m3); HI=Humbjet nga infiltrimi

(m3)
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Badovcit éshté bazuar né serine e te
dhenave historike dhe ne té dhénat e
matura gjate vitit 2014 pér reshjet dhe
rrjedhjet e ujit né pellg. Sipas té dhénave
historike (1953-1962), prurjeve vjetore ne
ligen prej 1.03 m%¥/sec dhe reshjeve vjetore
prej 647.36 mm) (Agroprojekt, 1963;
Grup autoresh, 1997) u korrespondojne
vlerat e koeficientit dhe modulit té
rrjedhjes respektivisht 0.48 dhe 9.9 I/sec/
km2. Pér periudhen kohore 2002-2013
prurjet e llogaritura rezultojne 0.383 m¥
sec, ndersa reshjet mesatare vjetore jane
647.0 mm (IHK, 2014). Bazuar ne keto
vlera jane percaktuar koeficienti i rrjedhjes
dhe moduli i rrjedhjes qe rezultojne
perkatesisht 0.179 dhe 3.72 |/sec/km?.
Nga monitorimi i nivelit, matja e hyrjeve
dhe daljeve té ujit nga ligeni pér vitin 2014
rezulton se prurjet né basen jane rreth 0.72
m¥/sec, ndersa reshjet e matura arrijne ne
870.28 mm. Bazuar ne shifrat e mesiperme
eshte percaktuar nje koeficient i rrjedhjes
prej 0.25 dhe moduli i rrjedhjes prej 6.90
I/sec/km?.

DISKUTIMI | REZULTATEVE

Rezultatet e bilancit ujor pér vitin 2014
tregojné per njé diferencé ne volum prej
3,682,905 m3, gqé konsiderohet si humbje
né bilancin ujor té ligenit. Kjo diference
ge perben rreh 17% te hyrjeve vjetore ne
ligen per vitin 2014, mund ti atribuohet
infiltrimit fundor nga bazamenti i ligenit
nepermjet carjeve dhe zonave tektonike
te cilat jane te pranishme ne formacionet
shkembore te bazamentit. Afersia e
minierave me ligenin, sidomos e minieres

se Hajvalise rrisin dyshimet pér mundésiné
e komunikimit hidraulik te ligenit té
Badovcit me minieren e Hajvalise. Matjet
e kryera né minieren e Hajvalise nga (2004
- 2014) (Fig.3,4) tregojne pér nje ngritje té
vazhduar te nivelit te ujit ne minieré, nga
niveli 386.0m né 2004 deri né 500 m ne
2014 (Miniera e Hajvalise, 2014). Rritja e
nivelit te ujit me 114 m per kete periudhe
i atribuohet infiltrimit fundor te ujit nga
ligeni drejt minieres. Nje tjeter tregues per
infiltrimin e ujit te ligenit drejt hapesirave
te minieres eshte edhe rritja e vleres se pH
nga 6.5 ne rreth 7.0 (Miniera e Hajvalise,
2014). As rritja e nivelit gjate periudhes
2004-2014, as rritja e vleres se pH nuk
mund te shpjegohen vetem me kontributin
e inflitrimit nga reshjet. Ne fakt, nga
siperfagja prej 1.5km? e ujembledhesit te
minieres mund te infiltronin ne miniere
gjate periudhes 2004-2014 nje sasi uji prej
2.5 milion m3, nderkohe ge rritjes se nivelit
ne miniere prej 114m, gjate se njejtes
periudhe kohore, i korrespondon nje
volum uji mbi 5.0 milion m*. Duke marre
te miregene ge gjithe sasia e reshjeve te
infiltruara ne masivet shkembore para
hapjes se minieres drenonte ne trajten
e rrjedhjeve nentokesore, mund te
konsiderojme ge sasia e ujit prej 5.0 milion
m? te jete ndikuar nga humbjet e ligenit.
Dyshimet pér mundésine e humbjeve té
ujit né bazamentin e digés, rriten pasi nuk
rezulton gé né procesin e ndértimit, né
bazamentin e digés te jené marré masa
shtesé pér konsolidimin e shkémbinjéve qé
té zvogélohet infiltrimi.
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E — Punimet minerare Hajvalia B
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585.00 _ | 585.00
516.00 v Niveli i ujit mé 2014 516.00
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r0.00 | — ’r| | 470.0
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Figura 3. Prerje vertikale nga Diga e Ligenit te Badovcit tek Miniera e Hajvalise
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Ndikimi i kushteve gjeologjike né bilancin ujor té ujgmbledhésit té Badovcit,
Kosové
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Figura 4. Variacioni kohor i nivelit te ujit ne ligenin e Badovcit dhe ne minieren e Hajvalise

PERFUNDIME

Formacionet shkémbore té bazamentit té
ligenit dhe sidomos ato té vendit ku éshté
ndértuar diga jané prekur nga njé sistem i
zhvilluar garjesh dhe thyerjesh tektonike té
cilat favorizojné infiltrimin e mundshém té
ujit té ligenit drejt thellésisé.

Ujépérshkueshméria e formacioneve
gjeologjike, gé pérgjithésisht éshté e ulét,
lidhet kryesisht me sistemin e carjeve dhe
zonave tektonike, té cilat mund té jené
aktivizuar sé tepérmi gjaté shpérthimeve
pér hapjen e punimeve minerare.
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Mungesa e 3,682,905 m? ujé né bilancin e
hyrje — daljeve té ujit nga ligeni pér vitin
2014, bazuar né matjet e nivelit té ujit né
ligen, sasité e reshjeve, volumet e hyrjeve
dhe daljeve nga ligeni, mund té vlerésohen
si humbje pér shkak té infiltrimit fundor
nga bazamenti i ligenit. Mundésia e
infiltrimit té ujit nga ligeni drejt thellésisé
konfirmohet nga ngritja e nivelit té ujit né
hapésirat minerare té Hajvalise prej 114 m
gjaté periudhés kohore 2004-2014 si dhe
né rritjen e vlerés sé pH té ujit té minierés
nga 6.5 ne rreth 7.0.
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IMPACT OF THE GEOLOGICAL CONDITIONS TO WATER BALANCE OF THE BADOVC LAKE,
Kosovo

SKENDER BUBLAKU®, ARJIAN BEQIRAJ™, HAZIR CADRAKU™"

ABSTRACT

This study aims to show the impact of hydrological and geological conditions of the Badovc
watershed (Kosovo) to water balance at Badovc Lake. The geological formations of the Lake
basement consist of limestone, terrigenous formations, magmatic and metamorphic rocks
which are fissured at different extent and show different water permeability features. Analysis
of the water balance, i.e. the difference of inflow-outflow at the lake for year 2014, showed
a deficit of 3,682,905 m*® water which can be considered as water loss from Lake. The raise of
the water level at Hajvalia mine with114m for the period 2004-2014 along with increase of pH
value of mine water from 6.5 to 7.0 is attributed to water infiltration from the lake basement
toward mine voids. Infiltration of the water from Lake towards mine was probably helped by
activation of cleavages during explosions at the mine and the lack of measures to consolidate

rocks during construction of the Lake dam.

Key words: Geological formations, tectonics, hydrology, Badovc Lake, water balance

INTRODUCTION

Badovc Lake is built in 1965 crossing the
Gracanka River flow which is branch of
Sitnica River and belongs to Ibri watershed.
At the beginning the water of lake was
destined for irrigation of agricultural
land, but after year 1980 it was mostly
used as potable water supplying Prishtina
city and its surroundings. Geological
formations which spread in Badovc basin
are represented by limestone, terrigenous
formations, magmatic and metamorphic
rocks which are tectonised and fissured to
different scale (Klisi¢, 1995. Hyseni, 2000).
Basement of dam is mainly composed of
serpentinites which are crossed by cracks
and cleavages filled with calcedony, opal,
carbonate and clay. Below the axis of the
dam passes a tectonic zone dipping almost
vertically (Institute for Hydro-economy
“Jarosllav Cerni”, 1982) and extends along
Gracanka River valley. Tectonic faults
are mainly of overthrust type but there

are also some strike slips (Hyseni, 2000).
Beside limestone, the other geological
formations of the basin are characterized
by low permeability.

According to the historic data, average
amount of rainfalls in the basin for the
period 1947-1994 was 647.36mm, while for
the year 2014 the monitored rainfalls were
859.95mm. In 2014, the measured inflow
at the dam profile was 22,577,663 m* or
(0.72 m¥sec), whereas monitored outflow
from Lake (water intake for drinking water
supply, evaporation and water infiltration
from the dam) was 11,494,758 m3. The
balance of level volume in 2014 was
positive (7,400,000 m3), while the inflow-
outflow balance at the lake showed a deficit
of 3,682,905 m*® which represents a water
loss from lake. During the period 2004 —
2014, water level at Hajvalia mine raised
with 114m (from 386.0m in year 2004 up
to 500m in year 2014), while the pH value
in the water mine increased from 6.5 to
around 7.0 (Hajvalia Mine, 2014). Variation

*Hidroing-DK, Str.”Bajram Kelmendi”, No. 17, Prishtiné

**Faculty of Geology and Mining, UPT, Str.”Elbasani”, Tirané
***Ministry of Environment and Spatial Planning, Prishtiné, Kosové
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of above mentioned indicators supports
the opinion of a hydraulic communication
between the lake and mine which could be
stimulated by activation of a fissure system
by explosions at mine.

METHODOLOGY
This study started with several field
observations on the geological and

tectonics aspects of the rock formations
which built the basement of Badovc Lake.
Data on the historical rainfalls, as well as
data on water inflow-outflow from the Lake
were provided. In addition, measurements
on rainfalls, water level at Lake, water
inflow-outflow from Lake were performed
during year 2014. Data on mine voids
extension, raise of water level in mine
and chemistry of mine water were also
provided. The above mentioned data were
analytically and graphically elaborated in
order to judge on water balance of the
Lake and the impact of the mining works
on water loss.

GEOLOGICAL OVERVIEW
Geology of Basin

From the geological point of view, Badovc
basin belongs to Vardar zone which
represents the boundary between Drino-
Ivanica (as peripherical part of Dinaride

zone) and Serbia-Macedonian massif
(Elezaj and Kodra, 2008). It consists
of limestone, terrigenous formations.

(ophiolitic melange, sandstone, siltstone,
mudstone), magmatic (gabbro-diabase,
andesite, peridotite) and metamorphic
(quartz-mica schist, chlorite schist, sericite
schist, phyllite, gneiss, marble) rocks (fig.1).
The above formations generally have sub-
meridional strike, which is characteristic
for dinarides. Metamorphic rocks are of
Paleozoicage, while terrigenous formations
are of Tertiary age. Jurassic ophiolitic
mélange, which belongs to Vardari sub-
zone, is partly metamorphosed and is
presented in the form of a wide strip at the
upper part of Slivova stream and continues
towards Gjilan (south-east). Badovc basin
is characterized from a wide spread of
Quaternary sediments represented by
eluvium’s, diluvium’s and proluvium’s
(sand, gravel, silty sand). Diluvium’s spread
over the hilly slopes of basin, whereas
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proluvium’s spreads across the valleys of
streams Mramur, Graganka and Slivové,
at the medium and bottom parts of the
catchment are of Badovc.

Geology of the dam zone

Serpentinites are the most spread
formations at the dam zone. Phyllite
schists, terrigenous rocks (sandstone, marl
and clay), gabbro and diabase are less
developed. Serpentinites are presented
as irregular lenses with dimensions
that range from several meters to some
kilometers, extending along the tectonic
fault and in the inner part of the ophiolitic
mélange. Serpentinites have schist and/
or netting structure. Cracks and cleavages
in serpintinites are filled with calcedone,
opal, carbonate and argyle. Alteration
rate and cleavage of serpentinites is
important because the dam is supported
on these rocks. The presence of an almost
vertical tectonic zone (Institute for Hydro-
economy “Jarosllav Cerni”, 1982) (fig. 2) in
the dam profile complicates the situation
of water drainage from Lake toward
underground waters. Phyllite schists
spread in the south-eastern part of the
dam and their foliation plain (S,) has an
extension SE-NW. Diabase spread in the
central and south-eastern parts and occurs
as compact blocks, showing a primary well
preserved structure. They are transformed
at different extent to epidote and albite.

Gabbros have limited extension and are
presented as lenses and veins within

serpentinites. They have granular
structure and consist of plagioclase,
pyroxene, amphibole, epidote, etc.

They are intensively altered and consist
of secondary products like amphibole,
epidote, zoisite, chlorite, etc.

Tectonics

Badovc Dam is placed over the serpentinite
formations which are separated in several
big blocks due to tectonic faults and
gabbro intrusions. The tectonization
of serpentinites was probably caused
by orogenic movements and Miocene
vulcanization in this region (Hyseni,
2000). From a regional point of view, the
serpentinite massif presents a tectonic
olistolite of Vardar zone (rock structures



Impact of the geological conditions to water balance of the Badovc Lake,
Kosovo

7520000 7525000

P J—

SHQIPERIA
MAQEDONIA

SHPJEGUES:
E=—"_] Auvione

= ceiqerope
= Fomacione terrgjene H
Shkembin] metamorfike

[ shkembinj magmatike

T
7520000 7525000 7530000 7535000

7519500 7520000

+ +
SHPJEGUES:

- o] rere, znavorr | 'g
Rreshpe filtike
[ oiavaze
I cavro
[ serpentinite

o e o
7519600 7520000

Figure 1. Geological map of Badovc basin, scale 1:100.000 (KPMM-2006)

_— : 653.00

S550.00

54000
530.00
52000
510,00
500,00
49000

480.00

470.00

5% i : -
Serpentinite té pérajruara Zoné tektonike

KA T
Serpentinite me carje —— Kufi i zonés sé pérajruar

Figure 2. Longitudinal profile of the Badovc dam basement

47



Bublaku, S., Beqiraj, A., Cadraku, H.

having extension North-North-West
South-South-East (NNW - SE) included
into the ophiolitic mélange during Upper
Jurassic (Hyseni,. 2000).

Tectonic faults are mainly overthrust
type but there are also some strike
slips. Karamata (1956) emphasizes that
tectonics movements which have formed
the current structures are accompanied
by some little deformations, mainly
between serpentinites and amphibole
gabbros. Thus, serpentinites are more
fissured and altered near to amphibolite
lenses. The hydrothermal fluids derived
by dacite-andesite volcanism moved along
the contact between serpentinites and
gabbros (Frangu, 2014). Based on the field
observations, it could be concluded that
serpentinites are separated in blocks which
are moved in differential manner between
them according to thrust tectonics.

HYDROGEOLOGICAL SPECIFICATIONS

The complex geological construction of
catchment area determined formation of
several aquifer types (KPMM, 2006).

Low-permeable fissured aquifer It
is related with metamorphic schists,
serpentinites, gabbros, diabases and is
mainly charged by rainfalls and discharges
through springs with yield under 1.0 I/s,
which emerge through weak tectonic
zones. Accumulation of underground
water in these rocks is controlled by the
development of fissure system which has
conditioned a high variation of spring
yields that ranges from 0.01 I/s to 1.0 I/s.

Karst aquifer — it is related with limestones
which present an important aquifer.
Springs that emerge from these rocks have
yields over 1.0 I/s.

Porous aquifer — it is related with alluvial
depositions which present the most
important aquifer of the basin. Its thickness
ranges from 3 to 7m. This aquifer is mainly
developed through river valleys. Water
yields of wells opened in these formations
ranges from 2 to 10 I/s.

Referring to the hydro chemical map of
Kosovo, scale 1:200.000 (KPMM, 2006),
the groundwater of Badovc basin belong
mainly to bicarbonate type (50% < HCO3 <
75 %). Water of the lower part of the Lake
belongs to the mixed hydro chemical type,
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with the following composition: 25 < % Ca
<50 %, 25 <% Mg < 50 %, 25 < % Na < 50
%. General mineralization value is under
500 mg/I, while carbonate strength ranges
from 12 to 16° dH. pH value varies from 7.2
to 7.6, while temperature from12 to 12.5
°C (Hydro-economy Institute ,,Jarosllav
Cerni”,1982).

HIDROLOGY OF CATCHMENT BASIN
Rainfalls in catchment basin

Monitoring of rainfall in the basin for period
2013-2014, was made with pluviometers
installed in four locations of the basin.
Their positioning was made in that manner
to give a representative value of the rainfall
in the basin. Historic rainfall data of the
basin belong to period 1947-1994 having
a mean value of 647.36mm. Monitoring
of rainfall for year 2014 showed that the
mean rainfall was 859.95mm calculated
according to the arithmetic average
method or 870.28mm according to the
method of Thissenit (Show, 2005).

Geomorphology and Hydrography

The catchment basin of Badovc has a
surface of 104.1km? and lies between
quotas 608 to 1200 above sea level. Badovc
catchment belongs to the watershed of
Gracanka river and is characterized with
a high coverage of low vegetation and
forests of around 90% of its surface. In
the river of Gracanka where Badovc Lake
is built discharge their water the rivers:
Mramur, Slivové and Androvina with a
length of 23.1 km. Lake has a water surface
in the maximum quote of 1.72 km? and
maximum depth of 40m. For a better
analysis of hydrological conditions at the
basin, this later is separated into four water
sub-basins which collects water in Badovc
Lake through their rivers.

Water inflow and outflow in the lake

In order to assess water inflow and outflow
from Badovc Lake two periods of time
were analyzed, period 2002-2013 and
hydrological year 2014. Water intake for
period 2002-2013 from Badovc Lake was
134,499,238 m? and this value is consistent
with fluctuation of water level at the
Lake during this period. An evaporation
amount of 10,194,420 m® from the Lake
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surface, calculated by the formula of
Meyer-it, 1970 (Show, 2005), was added
to this value. Based on designing data, the
calculated amount of water infiltration
through the dam body for the mentioned
period is 1,135,296 m3. Taking into account
water level in the lake, water intake from
the lake, evaporation from the Lake
surface and infiltration through the dam
body for the period 2002-2013, a water
inflow into the dam profile of 145,068,954
m?3 or 0.383 m¥sec was found. We should
emphasize that in years 2002 -2013 there
was no measurement of inflow into the
lake. Water inflow into the lake for 2014,
measured in in the profile of the dam, was
22,577,663 m3 or (0.72 m3/sec), whereas
the monitored water outflow from the Lake
(which includes water intake for drinking
water supply, evaporation and infiltration)
was 11,494,758 m3. Water balance of the
level volume in 2014 was positive, with a
value of 7,400,000m3. In this manner, the
water inflow-outflow balance (Gebreslase
et al., 2012) of the Lake shows a deficit of
3,682,905 m?® water (Table 1) which can be
considered as water loss from the Lake for
year 2014.

Flow coefficient and module of the
catchment basin

Determination of flow coefficient and
module for catchment basin of Badovc is

based on the historical data and measured
data during year 2014 on rainfalls and
water flow in the basin. According to
historical data (1953-1962), the annual
inflow into the Lake was 1.03 m¥sec and
annual rainfalls was 647.36 mm (Water
economy of Kosovo, 1963; Collective,
1997) corresponding to the coefficient and
module values, 0.48 and 9.9 |/sec/km?,
respectively. For the period 2002-2013 the
calculated inflow to the lake resulted to be
0.383 m¥sec, while the average of annual
rainfall was 647.0 mm (KHI, 2014). Based
on these values are determined the flow
coefficient and module which resulted to
be 0.179 and 3.72 |/sec/km?, respectively.
Based on the level monitoring and water
inflow and outflow measurement for year
2014 it was found that water inflow to lake
was around 0.72 m¥sec, while measured
rainfalls were 870.28 mm. Based on the
above values a flow coefficient of 0.25
and flow module of 6.90 I/sec/km?, is
determined.

DISCUSSION OF RESULTS

Results of water balance for year 2014
show a volume difference of 3,682,905 m?3,
which is considered as loss of water from
the Lake. This difference, that represents
about 17% of annual inflow to Lake for year
2014, can be attributed to infiltrations from

Table 1. Annual water balance at Badovc Lake for year 2014

Months P Eo VH VD AVL HI
5.0 6 7 8 (6)-(7+8)

January 21.2 38.8 395,480 753,730 -497,000 -138,750
February 3.5 53.1 348,500 709,970 -334,000 27,470
March 53.3 51.9 798,524 765,290 -213,000 -246,233
April 203.6 44.1 7,125,400 774,607 5,834,000 -516,793
May 109.2 57.0 6,748,712 960,103 5,087,000 -701,610
June 59.8 76.2 1,318,836 1,061,127 -360,000 -617,709
July 25.8 112.9 858,668 1,135,758 -567,000 -289,911
August 35.1 118.0 425,000 1,160,069 -1,084,000 -348,931
September 130.7 38.2 730,000 1,091,061 -650,000 -288,939
October 64.9 46.6 765,000 1,062,666 -678,000 -380,334
November 91.2 25.2 1,600,000 1,007,155 487,000 -105,845
December 62.4 133 1,463,542 1,013,223 319,000 -131,320
Annual 860.7 675.4 22,577,663 11,494,758 7,344,000 -3,738,905

(P=Monthly rainfalls (mm); Eo= daily average evaporation from the Lake surface (mm/day); VH=Inflow volume
into the Lake (m3); VD=Outflow volume from the Lake (m?); AV=Volume change at the Lake (m?3); HI=Loss from

infiltration (m?3))
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the lake basement through fissures and
tectonic zones which are developed in the
basement rocks formations. The presence
of mines near to Lake Badovc, especially
of Hajvalia Mine, raises suspicions for a
possibility hydraulic communication of
Badovc Lake with this later. Measurements
conducted at Hajvalia Mine from (2004
2014) (Fig.3,4) show a continuous
increase of water level at mine, from the
level 386.0m in 2004 to 500m in 2014
(Hajvalai Mine 2014). Increase of water
level by 114m during the above period of
time was attributed to bottom infiltration
of the water from the lake towards mine.
Another indicator on infiltration of water
Lake towards mine voids is the increase of
pH value from 6.5 to around 7.0 (Hajvalia

Mine 2014). Neither increase of level
during period 2004-2014, nor increase of
the pH value can be explained with only
contribution of infiltration from rainfalls.
In fact, from the surface of 1.5km? of mine
catchment area could be infiltrated to mine
during the period 2004-2014 about 2.5
million m® water, while increase of water
level at the mine by 114m, during the
same period of time corresponds a water
volume over 5.0 million m3. Assuming that
prior to the mine voids opening all amount
of the rainfalls that filtered through rock
massif drained as underground water, we
can consider that the water volume of 5.0
million m® was dedicated to losses from
the Lake. The lack of engineering measures
for rock consolidation during construction
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Figure 3. Vertical section from the Dam of Badovc Lake to Hajvalia Mine
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Figure 4. Variation of water level at Badovc Lake and Hajvalia Mine through time
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Kosovo

of the dam favors the above suspicions for
a possible water loss from the Badovc Lake.

CONCLUSION

Rock formations of the Lake basement and
especially those under the dam are fissured
and tectonized to different extent favoring
the infiltration of Lake water downward.
Permeability are further activated during
explosions of mining works.
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The lack of 3,682,905 m? water in the water
inflow - outflow balance of the lake for
year 2014, can be considered as possible
loss due to the bottom infiltration from the
Lake basement.

The possible water infiltration from the
Lake towards the depth is supported by
both water level increase at Hajvalia mine
voids (by 114m during the period 2004-
2014) and the increase of mine water pH
value from 6.5 to around 7.0.
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EVIDENCE E KONTROLLIT OPTIMAL TE NJE AMBIENTI GJEOLOGIJIK 3D: RAST NE STUDIM
PROGRAMI KOMPJUTERIK GVNAS (GEOLOGICAL VIRTUAL NAVIGATOR AS)

OLTION FOCIRO", BARDHYL MUCEKU", JETON PEKMEZI

ABSTRAKT

Té dhénat gjeologjike karakterizohen né ményré tipike nga tredimensionaliteti, multi-z,
dhe multi-shkalla. Kéto tre karakteristika thelbésore, edhe pse jo domosdoshmérisht
bashkekzistuese, pérbéjné pikat e forta té pérpunimit gjeologjik. Ato né fakt duhet té jené
rezultat i integrimit té ploté té komponentéve té ndryshém hapésinor qé pércaktojné strukturat
gjeologjike. Megjithése, shumé nga mjetet e njohura té analizés dhe té pérfagésimit gjeologjik
sot né pérdorim,trajtojné mjaft mirédimensionine treté (tipike e té dhénave gjeologjike)
gjithsesi, né ndonjé rast, gjaté manipulimit té tyre rezultojnéné humbje té ndonjé pjese té
informacionit. Vitet e fundit edhe pse modelimi i ambienteve gjeologjike 3D ka béré shumé
hapa pérpara, problemi kryesor mbetet konsultimi sa mé efikas dhe i i ploté i informacionit.
Njé nga instrumentet pér arritjen e kétij qéllimi éshté telekamera virtuale, kontrolli optimal i té
cilés sjell lundrim efikas né bréndési té ambientit virtual gjeologjik 3D gjé e cila éshté realizuar
dhe implementuar né sistemin e programit “Geological Virtual Navigation AS”(GVNAS). Né
kété artikull do té shpjegohet njé metodé e cila éshté projektuar dhe aplikuar né sistemin e kétij
programi. Metoda bazohet né ndértimin e njé ndérfaqe grafike me ané té cilés pérdoruesi mund
té ndérveprojé me sistemin e menaxhimit té bazés sé té dhénave nga e cila merr informacionin
e kérkuar. Ky informacion pérpunohet nga sistemi i programit GNVAS dhe rezultatet shfagen
né formé vizuale duke mundésuar lundrimin automatic né modelin gjeologjik 3D.

Keywords: Té Dhénat Gjeologjike, Ambientet Virtuale Gjeologjike 3D, Lundrimi né Modelet
3D, Kontrolli i telekamerés Virtuale, Arkitektura Server-Client

HYRIJE

Né modelimin 3D njé rol shumé té
réndésishém luan edhe ményra e ruajtjes
dhe adminnistrimit té té dhénave
gjeologjike té cilat shérbejné pér
modelimin 3D gjeologjik. Nga piképamja
informatike sa mé miré té projektohet
dhe realizohet baza e té dhénave aq mé té
thjeshté do e keté modelatori té krijojé njé
model 3D gjeologjik i cili do ti pérafrohet sa
mé shumeé realitetit.

Sistemet e informacionit té gjeoshkencave
(GIS Geoscience Information Systems)
pérfagésojné njé mjet pér té krijuar dhe
analizuar modelet e botés reale bazuar
né situatat e deritanishme gjeologjike.

Né té njéjtén kohé objektet gjeologjike,
népérmjet “GIS” dy-dimensional, jané
té pérfagésuara si objekte hartografike
né hapesirén dy-dimensionale. Kéto
sisteme nuk jané té pérshtatshém pér
modelimet 3D gjeologjike pér sa kohé
nuk jané té afté té pérfagésojné vetité
dhe lidhjet hapsinore gjeologjike me ané
té variacioneve hapsinore 3D. GIS-i dy-
dimensional pérfagéson vlerat e lartésisé
z té trupave gjeologjiké si njé funksion i
vazhduar i koordinatave gjeografike: z =
f(x,y). Kéto sisteme nuk mund té modelojné
trupa gjeologjiké 3D pérderisa kufijté
gjeometriké karakterizohen nga vlera té
shuméfishta té z-és pér njé kordinaté x,
y, sic mund té jené prishjet tektonike. Pér
kété arsye referohen shpesh né literaturé
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edhe si sisteme 2.5-dimensionale (Breunig
2001, Brodaric 2004, Brodaric et al. 2002,
Marcus 2006).

Nga ana tjetér, programet e gjeomodelimit
3D ofrojné modele té dhénash dhe
funksionalitete pér pérfagisimin sa mé té
kénagshém té situatave gjeologjike né tre
dimensione hapsinore.

Nga piképamja e té dhénave egzistojné dy
gasje e modelimit 3D gjeologjik: modelet
e bazuara né objekte gjeologjike dhe
modelet e bazuara né rrjeta koordinative.
Né ményré gé té krijohet njé model
3D gjeologjik duke pérdorur qasjen e
bazuar né objekte gjeologjike, hapésira
e nénsipérfages tokésore ndahet né njé
séré véllimesh bazuar né njé parametér té
zgjedhur, si p.sh. struktura ose stratigrafia.
Né praktikén e tanishme njé model 3D
gjeologjik pérbéhet nga dy pjesé: modeli
struktural i cili pérfagéson topologjiné
dhe gjeometriné e objekteve gjeologjiké
té nénsipérfages si dhe modelin e vetive
i cili ofron njé mekanizém pér modelimin
e vetive té materialeve té objekteve
gjeologjike (Mallet 2002).

Né realitet ekzistojné disa modele tashmé
té konsoliduar té cilét béjné té mundur
pérfagésimin e shtrirjes hapésinore dhe
marrédhéniet hapésinore té objekteve
gjeologjike né 3D. Né literaturé gjejme
déshmi té realizimit té dy modeleve

user applications ‘
s i

N ey recuest |

té dhénash topografike, té pérdorura
me sukses pér krijimin e modeleve té
géndrueshém té rasteve té sofistikuara
gjeologjike:

e pPérfagésuesit e kufinjve (“BRep”) si p.sh.
modeli mozaikor i “Weiler”-it (Weiler
1988, Caumon 2003).

e Modelet gelizoresip.sh. hartat hierarkike
gelizore té pérgjithsuara (Courriouxet al.
2001, Lienhardt 1994, Caumon 2003).

Té dy kéto modele bazash té dhénash jané
implementuar me sukses né programin
“GOCAD” (“Earth Decision Sciences”,
Houston) i cili éshté njé program i
pérshtatshém pér modelimin 3D gjeologjik.
Arkitektura e kétij programi pasqyrohet né
figurén 1.

Nga ana tjetér né vitet 2004, 2005 jané
projektuar dhe zhvilluar modele té dhénash
bazuar né koncepte ontologjike pér té
vérejtur veti té pérgjithshme gjeologjike
si p.sh. “NADM” (“North America Data
Model”) dhe “FieldLog” (USGS, 2004).
Megjithaté kéto modele bazash té
dhénash po pérdoren né pérgjithési pér té
mbéshtetur krijim e hartave gjeologjike.

Né ditét e sotme programet kryesoré
komercialé implementojné ose pérdorin
sisteme menaxhimi baza té dhénash té

mobiie XML firld
data caphuring

(geometry, topology, properties)

HITP P

= wisualizathon i
= querying, analysis, prediction

-

XML Data

spatial "
KOnery recuest 3d XML LTy request
WITE D Application Server HITR P
¥ML Data Im Mi XML Data

Figura 1. Arkitetura e programit “GOCAD” ku pasqyrohet komunikimi midis modelit té bazés sé té dhénave
(“XML”) dhe bérthamés séprogramit.

54



Evidencé e kontrollit optimal té€ njé ambienti gjeologjik 3d: rast né studim
programi kompjuterik gvnas (geological virtual navigator as)

Wireline Data
Données de
réseaus filaire

Borecore data
Données de forage

Surface Sample Data
Donnéss d'échantitions
ds surtace

= Daim Mensgement
Geokogical Data 5. P o °’J_ ';“_z‘. 2 . . Docs/Photos
Données : T - é:’;g-z’ = S

géologiques

Spatial f)::z§ %

—
Données spatiaies

Bennées geochimigu

geephysigues ot

o

Mstadonness

géotechalgue

Figura 2. Sistemi i menaxhimit tébazés sé té dhénave i zhvilluar nga “Mira Geoscience”.

cilét bazohen né infrastrukturén “Server-
Client”. “Mira Geoscience” titullare e
njé séré produktesh ka implementuar
njé sistem menaxhimi té dhénash “ad-
hoc” té quajtur “4D” (USGS, 2004). Ky
sistem integron té dhénat gjeologjike,
gjeofizike, gjeokimike, té dhénat e cilésisé
sé shkémbijve, sismicitetine minierave,
prodhimin minerar, monitorimin
gjeoteknik si dhe té dhénat e stabilitetit
té minierés. Ky sistem menaxhimi éshté
pérdorur nga programi“4D-GIS” si dhe
“GOCAD”. Né figurén 2 éshté paragqitur
sistemi i menaxhimit té té dhénave té
lartpérméndur.

KONTESTI GJEOLOGJIK

Duke marré shkas edhe nga realiteti
botéror, sidomos nga shérbimet gjeologjike
mé té njohura sot, si ai Britanik apo ai i
Shteteve té Bashkuara té cilét jané duke
investuar shuma té médha fondesh dhe
burimesh njerézore né menaxhimin dhe
standartizimin e té dhénave gjeologjike
éshté menduar té realizohet njé modul
programi mbi kété problematiké, i cili do té
integrohet né sistemin tashmé té ndértuar
“Geological Virtual Navigation — Albania
Software” (GVNAS).

Rritja e té dhénave gjeologjike dixhitale dhe
mundésia pér té krijuar modele gjeologjike
3D ka sjellé edhe nevojén pér menaxhime
specifike té té dhénave gjeologjike sidhe
mundési té reja pér té filtruar (“Query”)
dhe analizuar kéto té dhéna. P.sh. filtrimi
(“Query”) “seleksiono té gjitha pikat
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strukturore me azimut 15 = 22 dhe
distancé d < 1 km nga njé prishje”, né njé
bazé té dhénash nuk éshté karakteristiké
pér njé program modelimi 3D gjeologjik.

Duke u bazuar edhe tek konceptet e
projektimit dhe modelimit té bazave té té
dhénave hapsinore, té dhénat gjeologjike
mund té ndahen né dy grupe si mé poshté:

1.Té dhéna primare: jané ato té dhéna té
cilat pérftohen si rezultat i matjeve té
strukturave gjeologjike dhe analizave gé
duhet té modelohen si p.sh. kordinatat
gjeografike té njé shpimi, thellésia, kéndi,
analizat kimike mbi kéto shpime et;.

2.Té dhéna té prejardhura: jané ato té
dhéna té cilat pérftohen nga manipulimi
dhe analizimi i té dhénave primare si
p.sh. llogaritja e rezervave zeherore né
njé vendburim zeheror apo gjeometria e
njé trupi zeheror si rezultat i interpolimit
té té dhénave té shpimeve.

Né sistemet ekzistues té modelimit
3D gjeologjik njé véméndje e vecantéi
kushtohet té dhénave té prejardhura,
sepse kéto sisteme integrojné njé mori
instrumentash analitiké dhe statistikor pér
pérftimin e té dhénave té prejardhura duke
u bazuar tek té dhénat primare. Nga ana
tjetér, shpesh heré kéto sisteme bazohen
né modele bazash té dhénash lokale ose
gendrore duke mos i kushtuar shumé
véméndje projektimit dhe modelimit té
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njé sistemi té miréfillté bazash té dhénash.
Sistemet e pérgéndruar konsistojné né
pasjen e té gjitha té dhénave gjeoshkencore
né njé vendodhje gendrore, mundésisht jo
né té njéjtin vend ku kryhen operacionet
mbi kéto té dhéna. Sistemet e pérgéndruar
té bazave té té dhénave nuk kané pasur
asnjé vleré né sjelljen e rregullit né moriné
kaotike té kétyre sistemeve. Projektimi dhe
ndértimi i njé modeli me bazé té dhénash
detyron pérdoruesin té adresojé té dhénat
sipas réndésisé dhe cilésisé.

Né disa prej sistemeve té modelimit 3D
gjeologjik pér té koleksionuar té dhénat
pérdoren shpesh instrumenta té cilét
nuk jané né gjéndje té respektojné
karakteristikat themelore té njé baze
té dhénash si p.sh. pérdorimi réndom i
programit “Excel” i paketés “Office” ofruar
nga “Microsoft” kundrejt pagesés. P.sh.
supozojmé se kemi njé numér prej 300
shpimesh mbi té cilét jané kryer analizat
pérkatése. Kéto té dhéna koleksionohen
né njé file excel né formé tabelore. Pa
dashur, personi i cili i koleksionon kéto té
dhéna kryhen njé gabim njerézor dhe hedh
dy heré té dhénat e dy shpimeve. Dihet
gé programi “Excel”,sipas karakteristikave
té tij, nuk e ndalon ripérséritjen e vlerave
té ¢do rreshti duke mos e lajméruar
késhtu pérdoruesin pér kété fakt. Pasi
koleksionohen té dhénat, ky file excel
i jepet si input njé programi i cili éshté
bazuar edhe né té dhénat e pérséritura pér
pérftimin e té dhénave té prejardhura duke
béré né kété ményré qé modeli rezultant té
mos reflektojé realitetin gjeologjik téhasur
gjaté shpimeve.

Por nga ana tjetér vitet e fundit disa nga
sistemet mé té njohura té modelimit 3D
gjeologjik kané implementuar sisteme
bazash té dhénash “ad-hoc” né ményré qé
manipulimi i té dhénave primitive té jeté
sa mé i sakté dhe i kontrolluar. Ndérsa disa
té tjeré kané pérdorur sisteme ekzistuese
témodelimittébazave té dhénve si p.sh.
programi “Access” (paketa “Office” ofruar
nga “Microsoft” me pagesé). Njé nga
programet gé ka implementuar sisteme
menaxhimi té bazés sé té dhenave éshté
“Micromine”. Ky program ka implementuar
disa sisteme menaxhimi bazash té dhénash
si p.sh. manaxhimi i té dhénave té qymyrit
(“Coal Database Management”) duke
integruar modelin 3D gjeologjik, rrjetén,
modelin e bllokut té damarit, kategorizimin
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e burimeve, raportimin e burimeve,
optimizimin e gropés, projektimin e gropés
etj.

METODOLOGIJIA

Njé pjesé shumé e réndésishme e kétij
moduli éshté ndérfaga grafike e cila do ti
japé mundési pérdoruesit té ndérveprojé
me sistemin e menaxhimit té bazés sé té
dhénave. Kjo ndérfage éshté menduar té
jeté sa mé e thjeshté dhe intuitive duke
vendosur si mundési zgjedhjeje pyetjen e
njé séré atributesh. Kjo ndérfaqe grafike
do té integrohet né sistemin kompjuterik
tashmé té realizuar GVNAS nga autorét e
kétij artikulli.

Menaxhimi i té dhénave éshté njé pjesé
themelore e sistemit té lartépérméndur
pasi pa té dhénat ky sistem,né pjesén
mé té réndésishme té tij nuk mund té
funksionojé, si¢ éshté lundrimi automatik
né modelet gjeologjike3D (Fociro 2014).
Pér té vendosur té dhénat e modelit
né sistemin GVNAS,moduli i propozuar
operon né dy ményra. Né ményrén e paré
pérdoruesi mund ti vendosi té dhénat
lokalisht népémjet njé “file” dhe moduli
i modelon té dhénat qé ndodhen né keto
“file” sipas “DBMS”.

Ndérsa né ményréne dyté moduli ofron
mundésiné gété lidhet me njé “Server
DBMS”té pavarur nga veté sistemi GVNAS.
Kjo lidhje mund té realizohet duke i kérkuar
pérdoruesit adresén “IP”, “username”-
in dhe “password”-in e “server”-it ku
ndodhen té dhénat. Ndérfaga grafike e cila
mundéson interagimin midis pérdoruesit
dhe bazés sé té dhénave, né ményré
automatike modifikohet duke u pérshtatur
me “DBMS”-né gé éshté lidhur. Duhet
theksuar se té dhénat né vetvete jané
té padukshme nga pérdoruesi pasi ky i
fundit kryen disa filtrime né kéto té dhéna
(si¢ shpjegohet né paragrafin pasardhés)
népérmjet ndérfages grafike (figura 3).
Rezultati i kétyre filtrimeve nuk merret nga
pérdoruesi por pérpunohet nga sistemi
GVNAS duke i dhéné kétij njé informacion
vizual. P.sh. nése ngarkohet njé model
gjeologjik, té dhénat e té cilit ndodhen né
njé “DBMS” dhe pyetet mbi pérgindjen e
bakrit mé té& madhe se 5% atéhere sistemi
do té pérpunojé té dhénat dhe do té
|évizé né ményré automatike telekamerén
duke fokusuar té gjitha ato objekte 3D
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(shpime) analizat e té cilave pasqyrojné njé
pérgindje bakri mé té madhe se 5%. Né té
gjithé procesin té dhénat nuk lexohen né
ményré té drejtpérdrejté nga pérdoruesit
duke béré gé té sigurohet edhe e drejta
e autorit mbi té dhénat qé po pérdoren.
Duhet theksuar se sistemi GVNAS mund ti
vijé né ndihmé pérdoruesve té cilét jané té
interesuar té marrin informacione vizuale
nga modelet 3D gjeologjike mbi té cilat nuk
kané njohuri paraprake.

Instrumentat e pérdorur

Pér té ndértuar modulin qé propozohet
éshté shumé e nevojshme pérdorimi i njé
sistemi menaxhimi i bazés sé té dhénave.
Né realitet jané pérdorur dy sisteme
menaxhimi bazash té dhénash. Kjo pér
faktin se sistemi duhet té funksionojé me té
dhéna lokale, té cilat ngarkohen né ményré
manuale nga pérdoruesi, por edhe me té
dhéna té disponueshme né njé “Server”.
Né té dy rastet jané pérdorur sisteme
té cilat bazohen né gjuhén e modelimit

Realizimi i modulit software té
ndérveprimit midis pérdoruesit dhe bazés
sé té dhénave

Né sistemin ekzistues GVNAS pérdoruesi
indirekt pércakton njé listé té objekteve
3D gjeologjike né interes té tij.Kéto objekte
pércaktohen duke i dhéné mundésiné
pérdoruesit té ndérveprojé me bazén e té
dhénave nga e cila sistemi nxjerr se cilat
jané objektet gé i interesojné pérdoruesit.
Pér ti dhéné mundésiné kétij té fundit té
ndérveprojé me bazén e té dhénave éshté
ndértuar njé ndérfage grafike e cila vendos
né dispozicion atributet e objekteve 3D
gjeologjiké qé ndodhen né bazén e té
dhénave. Né figurén 3 paragitet ndérfaga
grafike e ndértuar.

Ndérfaga grafike vé né dispozicion njé séré
intrumentash ku mund té seleksinohet
tipi i tabelés (analiza, rezervat, trupat),
elementi gé kérkohet (Cu, Co, S, Zn, Fe ...),
operatori i krahasimit (=, <, >) si dhe njé
fushé ku mund té vendoset vlera e cila i
intereson pérdoruesit.

B Kerko té dhénat G&é1
| Kiirko vierat |
! Tipi Analiz L Ek ti cu < > <l viera: 35 3
|
| Kerko | [ Pastro | |

[

"4

Figura 3. Ndérfaga grafike e modulit me ané té té cilit pérdoruesi interagon me bazén e té dhénave.

dhe pérkufizimit té té dhénave “SQL
(Structured Query Languege)”. Kjo e fundit
éshté sot njé nga gjuhét mé té pérdorura
pér pérkufizimin dhe manipulimin e té
dhénave.Népérmjet késaj gjuhe té dhénat
pérkufizohen né nivelin fizik té tyre duke u
bazuar tek niveli llogjik i ciliimplementohet
népérmjet instrumetave té tjeré si p.sh.
modeli relacional.

Gjuha “SQL” éshté sot mé e pérhapura
né ambientet informatike dhe jo vetém
por edhe sistemet e menaxhimit té té
dhénave qé bazohen né kété gjuhé jané té
shumté. Pér té implementuar dy ményrat e
lartpérméndura jané pérdorur dy sisteme
me licenca pa pagesé si¢ jané “Microsoft
SQL Server Compact Edition” pér até lokale
dhe “MySQL” pér ményrén “Server-Client”.
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TESTE DHE REZULTATE

Moduli i manipulimit té té dhénave gé
éshté ndértuar i éshté nénshtruar njé
séré testesh pér té vlerésuar cilésiné e tij
dhe llojin e rezultateve gqé ky modul jep.
Testimet jané té kufizuar me géllim qé té
vertetohen vetém funksionet kryesore
té modulit. Funksionet gé jané testuar
jané ngarkimi i té dhénave gjeologjike né
ményré lokale dhe globale si edhe pyetja
e tyre né ményré qé pérdoruesi té€ mund
té marré informacionin vizual nga sistemi
GVNAS.

Modeli i pérdorur pér testimet

Modeli 3D gjeologjik, i cili éshté pérdorur
pér té kryer testimet e sistemit software
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GVNAS ka marré si shémbull vendburimin
e bakrit té Tugit Lindor gé éshté pjesé e
brezit té mineralizuar Qafé Mali - Reps.
Né minierén e Tugit Lindor punimet e
hapjes kané filluar né vitin 1978, ndérsa
aktiviteti minerar éshté mbyllur né vitin
1988. Me mbylljen e minierave pas viteve
‘90, pothuajse e gjithé baza e té dhénave e
kétyre minierave éshté ruajtur né fondin e
Agjensisé Kombétare té Burimeve Natyrore.
Né kuadrin e punimeve té kérkim-zbulimit
té kompanisé Kanadeze Tirex Exploration,
materialet e disa minierave té bakrit u
térhogén nga ky fond. Materiali gjeologjik
pérbéhet nga planimetri, prerje dhe profile
gjeologjike, si dhe materiale pérshkrimore
té metodologjisé sé konturimit té trupave
xeheroré dhe llogaritjessé rezervave. Pér
ndértimin e kétij modeli jané pérdorur njé
séré sistemesh si p.sh. “ACad”, “ArcGIS”,

“Geosoft” dhe “Micromine” (Pekmezi
2014).

Ndértimi i bazés sé té dhénave té
vendburimit

Pérdorimi i programeve pér modelimin e
trupave xeherore, kérkon qé mé paré té
kesh ndértuar bazén e té dhénave sipas
kritereve qé kérkohet nga programi qé
do té pérdoret. Né kéto baza té dhénash
pérfshihen:tédhénatgjeologjike, gjeofizike,
topografike dhe sidomos té dhénat e
shpimeve té véndburimit (trashésia e zonés
minerale, tekstura, struktura, pérmbajtja
e pérbérésit té dobishém), etj. Ndértimi i
saj fillon gé né fazén e kérkim-zbulimit, me
gjeoreferimin dhedixhitalizimin e hartave,
planshetave dhe profileve,vazhdon me
metodologjiné e kérkim-zbulimit né
terren (rikonjicjone, marshuta, ndértimin
e profileve topografike, matjet gjeofizike
dhe pércaktimin e anomalive gjeofizike),
né fund jané té dhénat e gjeneruara nga
shpimet té cilat pérbéjné substancén e
bazés sé té dhénave. Né bazén e té dhénave
té shpimeve jepen: koordinatat e shpimeve
(xyz), thellésité e shpimeve, trashésité e
zonave minerale, analizat kimike té zonave
té mineralizuara, kollonat stratigrafike
té shpimeve, matjet e shtrembérimit
té pusit me inklinometér etj. Kéto té
dhéna hidhen né disa formate (tabela te
dhénash), pér té krijuar né fund njé bazé
pérfundimtare té dhénash e cila mund
té implementohet lehtésisht né sistemet
software si: “GEOSOFT”, “MICROMINE”,
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“DATAMINE” pér té ndértuar me to: prerje
térthore, gjatésore (gjeologo-topografike),
modelime, aksonometri té punimeve
minerare et;j.

Né kété rast éshté ndértuar njé model
relacional i bazés sé té dhénave. Kéto té
dhéna konsistojné né katér tabela si mé
poshté:

1.Analiza: pérfagéson té gjitha analizat e
kryera né té katér shpimet.

2.Rezervat_ cu: pérfagéson rezervat e
llogaritura té bakrit pér ¢do shpim.

3.Shpime: pérfagéson té dhénat e shpimit
si p.sh. numrin identifikues.

4.Trupi: pérfagéson identifikuesit e
trupave zeheror té llogaritur né raport
me shpimet.

Testimi i Modulit Software

Objektivi i kétij testimi éshté qé té
verifikohet nése sistemiGVNAS éshté né
gjéndje té ngarkojé njé model 3D gjeologjik
me té dhénat pérkatése dhe té mundésojé
ndérveprimine pérdoruesit me kéto té
dhéna né ményré qé té realizohet lundrimi
automatik né modelin gjeologjik 3D.

Duhet theksuar se modeli 3D gjeologjik i
pérdorur né kéto teste pérbéhet nga kater
shpime ku né secilin prej tyre ndodhen
edhe trupat zeheroré té llogaritur. Né
figurén 5 paragiten té katér shpimet qé
pérbéjné modelin gjeologjik 3D. Metologjia
e pérdorur pér té kryer testimin e kétij
sistemi kompjuterik éshté ajo e “Black-
Box Testing”. Kjo metodé éshté sot shumé
e pérdorur nga shumica e ndérmarrjeve
té cilat prodhojné programe dhe i
trajtonjné ata si kuti té zeza mbi té cilat
testohen funksionalitet e sistemit duke
mos pasur asnjé njohuri mbi ményrén e
implementimit dhe kodin burim tétyre.
Duke maré parasysh kété fakt testimet e
raportuara né kété studim jané kryer nga
studentét e Gjeoinformatikés té Fakultetit
Gjeologji Miniera.

Pérdoruesit e kétij moduli té cilét kryen
testimin, pér té pércaktuar objektet e
interesit interaguan me bazén e té dhénave
duke kryer disa filtrime. Kéto filtrime jané
impelementuar népérmjet ndérfages
grafike té shpjeguar né paragrafin 3.2. Disa
nga filtrimet mé interesante té kryera jané:
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Figura 4. Katér shpimet me trupat zeheror pérkatés té cilét pérbéjné modelin 3D gjeologjik.

® Seleksionimi i shpimeve né modelin 3D
gjeologjik népérmjet tabelés “Analiza”
ku vlera e atributit “cu” éshté mé e
madhe se 5.

e Seleksionimi i shpimeve né modelin 3D
gjeologjik népérmjet tabelés “Analiza”
ku vlera e atributit “cu” éshté mé e vogél
se 1.

® Seleksionimi i shpimeve né modelin 3D
gjeologjik népérmjet tabelés “Analiza”
ku vlera e atributit “s” éshté mé e madhe
se 15.

e Seleksionimi i shpimeve né modelin 3D
gjeologjik népérmjet tabelés “Razerva”
ku vlera e atributit “tonazhi” éshté mé e
madhe se 1000.

® Seleksionimi i shpimeve né modelin 3D
gjeologjik népérmjet tabelés “Shpime”
ku vlera e atributit “thellesia” éshté mé
e madhe se 300.

Rezultatet dhe diskutimi i tyre

Sic¢ éshté evidentuar mé lart, né kéto teste,
jemi pérgendruar né ndérveprimin e té
dhénave gjeologjike me pérdoruesin si né
konfigurimin “Server-Client” ashtu edhe

né até lokal. Nga ana tjetér me ané té
modulit té ndértuar, testuesit kané géné
né gjéndje té ndérveprojné me bazén e
té dhénave si dhe té marrin rezultatin e
kétij ndérveprimi.Rezultati i marré éshté
pérpunuar nga sistemi GVNAS i cili kété
informacion e ka pérdorur pér té béré té
mundur lundrimin automatik né modelin
3D gjeologjik gé éshté pérdorur pér testet.
Né tabelén 1 sillen rezultatet e mara nga
50 filtrime (“Query”) qé i jané drejtuar
bazés sé té dhénave.Si¢ mund té vihet re
shpimet e seleksionuar nga moduli jané
té ndryshém.Népérmjet sistemit GVNAS
telekamera fokuson objektet té cilat jané
rezultat i pyetjes sé bazés sé té dhénave.

Tabela 1. Rezultatet e testeve té ndérveprimit me té

dhénat

() () [} ()
€E | E| €| E|E
s | 23|23l sa
ey v < < ey
%) (%] wv wv
o A N

50 Filtrime 11 24 | 10 | 4 1

Né figurén 6 paragitet njé rezultat vizual gé
mundéson sistemi GVNAS duke pérdorur
modulin e ndértuar. Pérdoruesi ka filtruar

Figura 5. Rezultati viziv i pyetjes sé bazés sé té dhénave
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bazérl € e _dh,f'éng_ve_ dl.Jke kfrk,l,Jar_. n? gjeologjik né testim.

tabelén “Analiza” pérgindjen e “cu” mété =~ . . ]

madhe se 5. Sistemi merr pérgjigien nga > Perfundim mund té konfirmohet se
baza e t& dhénave dhe né dritaren e djathte ~ integrimi i dy gasjeve té menaxhimit
kontrollon telekamerén virtuale duke bére ~t& bazave t€ té dhénave ajo lokale

t& mundur fokusimin e atyre shpimeve g¢  dhe ajo “Server-Client” sjell jo vetém
plotésojné kriteret e filtrimit. pérshtatshméri me nivel té larté né

ndérveprimin e té dhénave por edhe
. pérdorshméri té madhe nga ana e
PERFUNDIME pérdoruesit. Kjo pér faktin se jo gjithmoné
Pas marrjes sé rezultateve té testeve qé t€ dhénat gjeologjike jané né dispozicion
u kryen pér t& matur funksionalitetet e t€& pérdoruesve qé& interesohen pasi
modulit mund té konfirmohet se ky modul  shpesh heré kéto té dhéna mbrohen nga
éshté integruar né ményré té pérpikté e drejta e autorit. Me ané té integrimit té
me sistemin ekzistues GVNAS (Geological sistemeve “Server-Client” té& menaxhimit
Virtual Navigation — Albania Software). té€ té dhénave kéto té dhéna mund té
Pér mé tepér té gjitha pyetjet qé testuesit  konsultohen por jo té kopjohen dhe té
i drejtuan sistemit t& menaxhimit té bazés manipulohen.
sé té dhénave dhané rezultate duke béré té
mundur gé sistemi ekzistues t&€ mundésojé
lundrimin automatik né modelin 3D
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EVIDENCE OF OPTIMAL CONTROL OF A 3D GEOLOGICAL ENVIRONMENT : CASE STUDY GVNAS
SOFTWARE ( VIRTUAL GEOLOGICAL NAVIGATOR AS )

OLTION FOCIRO®, BARDHYL MUCEKU", JETON PEKMEZI

ABSTRACT

Geological data typically characterized by three-dimensionality, multi-z, and multi-rate. These
three essential features, though not necessarily coexisting, constitute strengths geological
processing. They should actually be the result of the full integration of the different compo-
nents that determine the spatial geological structures. Although many of the popular tools
of analysis and geological representation in use today, well treat the third dimension (typical
geological data) however, in any case, during their manipulation resulting in a loss of any
part of the information. In recent years though geological 3D modeling environments has
taken many steps forward, the main problem remains the most efficient consulting and full of
information ii. One of the instruments for achieving this goal is the virtual cameras, which con-
trol delivers optimum efficient navigation in the interior of geological 3D virtual environment
which is realized and implemented in the program system “Virtual Geological Navigation AS”
(GVNAS). In this article | will explain a method which is designed and applied in the system of
this program. The method is based on building a graphical interface through which the user
can interact with the system management database from which it receives the information
required. This information is processed by the system GNVAS program and the results appear
in visual form allowing automatic navigation in 3D geological model.

Keywords: Geological Data, 3D Virtual Geological Environment, 3D Models Navigation, Virtual
Camera Control, Server-Client Architecture

INTODUCTION represent geological properties and spatial
relationships through 3D spatial variations.
GIS represents two-dimensional height z
values geological bodies as a continuous
function of geographical coordinates:
z=f(x,y). These systems can not model
3D geological bodies while geometric
boundaries are characterized by multiple
values for a z coordinates x, y, it can be
tectonic faults. For this reason, often
referred to in literature as 2.5-dimensional
systems (Breunig 2001 Brodarica 2004
Brodarica Et Al., 2002, Marcus 2006).

On the other hand, 3D geomodeling
programs offer 3D data models and
functionality for a more satisfactory
representation of the geological situation
in the three spatial dimensions.

3D modeling a very important role played
by the ways of storing and managing
geological data which serve for 3D
geological modeling. From the perspective
better information be designed and
implemented the database much simpler
The designer would have to create a 3D
geological model which will be aligned as
much as reality.

Geoscience information systems (GIS
Geoscience Information Systems)
represent a tool to create and analyze
real-world models based on the current
geological situations. At the same time
geological objects through “GIS” two-
dimensional, are represented as objects

mapping two-dimensional space. These
systems are not suitable for 3D geological
modeling for as long as they are not able to

In terms of data there are two geological
3D modeling approach: models based on
geological objects and patterns based on

“Faculty of Geology and Mining, Polytechnic University of Tirana,Albania
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coordination networks. In order to create
a 3D geological model using object-based
approach geological subsurface land space
is divided into a series of volumes based
on a selected parameter, e.g. structure
or stratigraphy. In current practice a 3D
geological model consists of two parts:
a structural model which represents the
topology and geometry of subsurface
geological objects and attributes model
that provides a mechanism for modeling
the properties of materials geological
objects (Mallet 2002).

In reality there are some models that
already consolidated the representation
of the spatial and spatial relationships in
3D geological objects. In literature, we
find evidence of the realization of both the
topographic data model, used successfully
for the creation of sustainable models of
sophisticated geological cases:

® Representatives of the border (“BREP”)
e.g. mosaic model of “Weiler” (Weiler
1988, Caumon 2003).

e Cellular models e.g. hierarchical maps
cell (Courrioux et al. 2001, Lienhardt
1994, Caumon 2003).

Both these models of databases are
successfully implemented in the program
“GOCAD”  (“Earth  DecisionSciences”,

user applications ‘
s i

Houston) which is a program suitable for
3D geological modeling. The architecture
of this programis reflected in Figure 1.

On the other hand in the years 2004,
2005 are designed and developed data
models based on ontological concepts
for general observed geological features
such as “NADM” (“North America Data
Model”) and “FieldLog” (USGS, 2004).
However, these models of databases are
used in general to support the creation of
geological maps.

Nowadays main commercial programs
or implement management systems
use databases that are based on the
infrastructure ~ “Server-Client”. “Mira
Geoscience” holders of a number of
products has implemented a data
management system “ad-hoc” called
“AD” (USGS, 2004). This system integrates
geological data, geophysical, geochemical,
data quality rocks, sismicitetin mining,
mineral production, geotechnical
monitoring and data mining stability.
This system is used by the program
management “4D-GIS” and “GOCAD”.
Figure 2 shows the management system of
the aforementioned data.

GEOLOGICAL CONTEST

Taking into consideration the international
reality, especially from geological survey

mobiie XML firld
data caphuring

N ey recuest |

[peometry, topology, properties)

HITP P

= wisualizathon
= querying, analysis, prediction

-

-

XML Data

spatial "
KOnery recuest f 3d XML LTy request
NI * _ Application Server HITR®
¥ML Data Im Mi XML Data

Figura 1. Figure 1. The architeture of “GOCAD” program reflecting communication between the model
database (“XML”) and the core of the program.
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Figure 2. Management Systemdatabasedeveloped by”Mira Geoscience”.

more popular today, as the British or
United States who are investing huge
amounts of funds and human resources
in the management and standardization
of geological data is supposed to be
realized a program module on this
issue, which will be integrated in the
system already build “Virtual Geological
Navigation - Albania Software” (GVNAS).
The growth of digital geological data
and the ability to create 3D geological
models has brought the need for specific
management of geological data and new
opportunities to filter (“Query”) and
analyze these data. E.g. filter (“Query”)
“select the all structural points = 15+2°
azimuth and distance d <1 km from a
breach” in a database is not characteristic
of a 3D geological modeling program.

Relying also on design concepts and
modeling spatial databases, geologic data
can be divided into two groups as follows:

1.Primary data: data are those which are
obtained as a result of measurements
and analyzes geological structures to
be modeled as such the geographical
coordinates of a drilling depth, angle,
chemical analyzes on these drilling etc.

2.Derived data: are those which are derived
from data manipulation and analysis
of primary data such as calculation of
reserves in a source or geometry of
a body as a result of interpolation of
drilling data.
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In existing systems 3D geological modeling
special attention is paid to data derived,
because these systems integrate a variety
of statistical and analytical instruments
for obtaining derived data based on
primary data. On the other hand, often
these systems are based on models of
databases by local or central government
not paying much attention to the design
and modeling of a genuine system of
databases. Concentrating systems consist
in having all geoscientific data in a central
location, preferably not in the same place
where operations are performed on these
data. Concentrating systems databases had
no value in bringing order to the chaotic
multitude of these systems. Design and
construction of a database model forces
the user to address data by importance
and quality.

In some geological 3D modeling systems
for collecting data often used instruments
are not able to respect the basic features
of a database such as usually use the
program “Excel” package “Office” offered
by “Microsoft” payment. E.g. we assume
that we have a total of 300 drillings which
are done on respective analyzes. These
data collected in an excel file as a table.
Without love, the person who collects
these data carried out a human error and
throws twice two drilling data. It is known
that the program “Excel”, according to
its characteristics, does not prevent the
recurrence of the values of each line are
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not reported so the user of this fact. Once
data collected this excel file is given as input
a program that is based on repetitive data
acquisition data derived thereby making
the resultant model not reflect geological
realities encountered during drilling.

Onthe other hand recent years some of the
most popular 3D geological modeling have
implemented systems of databases “ad-
hoc” so that primitive data manipulation to
be as precise and controlled. While others
have used existing systems modeling bases
such as sheep program “Access” (the
package “Office” offered by “Microsoft”
with charge). One of the programs
that has implemented management
systems database is “Micromine”. This
program has implemented several
database management systems such
bases data management of coal (“Coal
Database Management”) by integrating
3D geological model, net, block the vein
pattern, resource classification, resource
reporting, pit optimization, pit design etc.

METHODOLOGY

A very important part of this module is the
graphic interface which will enable users
to interact with the management system
database. Thisinterface is designed to be as
simple and intuitive deciding the question
as a choice of a set of attributes. This
graphical user interface will be integrated
into the computer system already realized
GVNAS of the authors of this article.

Data management is a fundamental part
of the system because without the data
above this system, the most important
part of it can not function as the automatic
navigation in 3D geological models (Fociro
2014). To set data model GVNAS system,
proposed module operates in two ways.
In the first mode the user can set the data
locally through a “file” and data modeling
module that is in this “file” under “DBMS”.

While in the second mode module provides
the ability to connect with a “Server DBMS”
independent of GVNAS system itself. This
connection can be accomplished by asking
users address “IP”, “username” -in and
“password” -in the “server” operation
where the data. Graphical interface which
enables the integration between user and
database, automatically adapting modified
with “DBMS” -in that is connected. It
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should be noted that the data itself are
visible to the user as the latter performs
some filters on these data (as explained
in the next paragraph) via the graphical
interface (Figure 3). The outcome of such
infiltration is not received by the user but
is processed by the system GVNAS giving
this visual information. Eg if charged a
geological model, whose data are in a
“DBMS” and questioned on the proportion
of copper greater than 5%, then the system
will process the data and automatically
move their camera focusing all those
objects 3D (drilling) which analyzes copper
reflect a greater percentage than 5%. In all
process data can not be read directly by
users doing to secure the copyright on the
data that is being used. GVNAS It should
be noted that the system can come to help
users who are interested to receive visual
information from the geological 3D models
which have no prior knowledge.

Tools

To build the proposed module is required
the use of a management system database.
In reality they are used two management
systems of databases. This is because the
system must work with local data, which
are loaded manually by the user, but also
the data available in a “Server”. In both
cases the systems were used which are
based on the language of modeling and
data definition “SQL (Structured Query
Language)”. The latter is today one of the
most widely used languages for defining
and manipulating data. Through this
language defined data in their physical
level based on logical level which is
implemented through other instruments,
such as the relational model.

Language “SQL” is far more prevalent in
computing environments and not only but
also management systems that are based
on this data are multiple languages. To
implement the said two methods are used
two systems with free licenses such as the
“Microsoft SQL Server Compact Edition”
for the local and “MySQL” on the way
“Server-Client”.

Software Module Realization of the
interaction between users and the
Database
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GVNAS existing system user defines a
list in directly 3D geological objects in
his interest. These objects are defined,
enabling the userto interact with the
database from which the system outputs
which are objects of interest to users. To
give the latter the opportunity to interact
with the database was built a graphical
interface which sets available geological
attributes of 3D objects that are in the
database. Figure 3 shows a graphical
interfacebuilt.

company Tirex Exploration, materials
several copper mines were withdrawn
from the fund. Geological material consists
of layout, cutting and geological profiles
and descriptive material contouring
methodology ore bodies and reserves
calculation. For the construction of this
model they are using a variety of systems
such as “Acadia”, “ArcGIS”, “GEOSOFT” and
“Micromine” (Pekmezi 2014).

Kerko té dhénat

| Kiirko vierat

- =

.

i [ 7

Figure 3. Graphical interfacemoduleviawhich the userinteractswiththe database.

Graphic interface makes available arange
of instruments that can be selected
with the type of table (analysis, reserves,
troops), required element (Cu, Co, S, Zn,
Fe ...), comparison operators (=, <,>) and
a field where you can put value which
interested users.

TESTS AND RESULTS

Module data manipulation is built
underwent a series of tests to assess its
quality and the kind of results that this
module delivers. Tests are limited in order
to verify only the main functions of the
module. Functions that have been sted
are geological data uploading locally and
globalas well as their question so that the
user can receive visual information from
GVNAS system.

Model Used for Testing

3D geological model, which is used to
perform system tests GVNAS software
took as example Tuci copper oilfield East
is part of the mineralized belt Neck Mali -
Reps. In East Tuci mine opening works have
started in 1978, while mining activity was
closed in 1988. The closure of the mines
after 90s, almost all database of these
mines is stored in the National Agency
fund Natural Resources. In the context
of the exploration works of Canadian
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Construction of Database

Using software for modeling of ore bodies,
requires that before you build the database
under the criteria required by the program
to be used. In these databases include:
geological data, geophysical, topographic
and especially oilfield drilling data (mineral
zone thickness, texture, structure and
content of useful components), etc. Its
construction starts at exploration stage,
with georeferenced and digitization of maps
and profiles planchette continues with
exploration methodology field (inspection,
on route, the construction of topographic
profiles, geophysical measurements and
determination of geophysical anomalies)
at the end they are generated by drilling
data which make up the substance
of the database. On the basis of data
provided drilling, drilling coordinates
(xyz) of drilling depths, thicknesses of the
mineral zones, chemical analyzes of the
mineralized zones, drilling stratigraphic
columns, distortion measurements with
inclinometer etc. well. This data is entered
in several formats (Table Data), to create
the ultimate end a data base which can be
easily implemented in software systems as
“GEOSOFT”, “MICROMINE”, “DATAMINE”
to build with them : crosscut, longitudinal
(geological-topographic), modeling, etc.
axonometric of mining.
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Testing

The objective of this test is to verify
whether GVNAS system is able to load a 3D
geological model with relevant data and
enable user interaction with the data in
order to achieve the automatic navigation
in 3D geological model.

It should be noted that the 3D geological
model used in these tests consists of four
drilling where in each of them are also
calculated troops. In Figure 5 the four
drillings that make 3D geological model.
Methodology used to perform testing
of the computer system is the “Black-
Box Testing”. This method is very used
today by most companies which produce
programs and treat them as black boxes
on which the tested system functionality
with no knowledge on how to implement
and their source code. Taking into account
this fact tests reported in this study were
performed by students of the Faculty of
Geology and Mining Geoinformatics.

|
|
|

e Selection of drilling in 3D geological
model through the table “Analysis”
where the value of the attribute “s” is
greater than 15.

e Selection of drilling in 3D geological
model through the table “Reserve”
where the value of the attribute
“tonnage” is greater than 1000.

e Selection of drilling in 3D geological
model through the table “Drilling”
where the value of the attribute “depth”
is greater than 300.

Discussion of Results

As noted above, in these tests, we focused
on the interaction of geological data in
the configuration user as “Server-Client”
as well as local level. On the other side
of the module with built, testers were
able to interact with the database and
receive the result of this interaction. The
result obtained is processed by the system
GVNAS which this information is used to
enable automatic navigation 3D geological

Figure 5. Four drilling with relevant bodies who make 3D geological model.

Users of this module that performs testing
to etermine interest objectsinteracted
with the databaseby performing some
filters. These filters are implemented via
the graphical interface described above.
Some of the most interesting infiltrations
performed are:

e Selection of drilling in 3D geological
model through the table “Analysis”
where the value of the attribute “cu” is
greater than 5.

e Selection of drilling in 3D geological
model through the table “Analysis”
where the value of the attribute “cu” is
less than 1.
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model that is used for the tests. Table 1
brought results received from 50 filters
(“Query”) that are database driven. As can
be seen drilling are selected from different
module. Through cameras GVNAS system
focuses objects which are the result of the
question database.

Table 1. Results of tests of interaction with data

2 | = K| I
§/a |&§ |&§ |&
o |+ ~ o0 <
50 Query 11 | 24 10 4 1
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Figure 6. presented a visual result that
enables GVNAS system using built module.
The user filter the database by lookingin
the “Analysis” percentage of “Cu” greater
than 5. The system receives a response
from the data base and in the right of
controls virtual camera,enabling drilling to
focus them meet filtering criteria.

management system database yielded
results, making it possible for existing
systems enable automatic navigation 3D
geological model in testing.

In conclusion it can be confirmed that
the integration of two management
approaches databases that local and
“Server-Client” adaptability brings not
only high-level exchange of data but also
great usability by the user. This is because

Figure 5. Visiv results of data base demad

CONCLUSIONS

After receiving the results of tests that were
conducted to measure the functionality
of the module it can be confirmed that
this module is strictly integrated with the
existing system GVNAS (Virtual Geological
Navigation - Albania Software).

Moreover allthe questions directed testers
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the geological data not always available
to users who are interested in because
often such data is protected by copyright.
Through the integration of systems “Client
Server” data management these data
can be consulted but not be copied and
manipulated.
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éshte ti shérbejé zhvillimit té shkencés
gjeologjike népérmjet botimit né faget
e tij té artikujve né fushén e gjeologjisé
dhe fushave té aférta me té.

“Buletini i Shkencave Gjeologjike”,
drejtohet nga Bordi Editorial i cili
miratohet prej Drejtorit té Pérgjthshém
té SHGJSH.

Bordi funksionon sipas Statutit té
Bordit Editorial té “Buletini i Shkencave
Gjeologjike”.

A. Politika té pérgjithshme

Buletini i Shkencave Gjeologjike
pérfagéson njé periodik gé boton
artikuj té shqgyrtuar né njé proges
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dhe pérmirésimit té cilésisé shkencore
dhe paragitjes sé artikullit.

Né kété periodik mund té botohen
artikuj nga fushat e gjeoshkencave,
té cilat mund té paragesin té reja té

kérkimeve shkencore, apo sinteza
té punimeve té kryera né kohe té
méparshme, por gé japin pérfundime
té reja si rezultat i kéndvéshtrimit té ri
prej autoreve, dhe gé klasifikohen si
“Case Study”.

Autor i artikujve mund té jeté kushdo,
shqiptar apo i huaj, gé parget njé
artikull té pranueshém sipas kritereve
té vlerésimit té Bordit Editorial, hartuar
sipas “Kérkesave ndaj autoréve”.
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né faget e Buletinit té argumentuara
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teorike. Né kété rast autori i replikuar
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té shkruara duke pérfshiré kétu dhe
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artikullit.
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artikullit
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C. Etika e Bordit Editorial

1. Bordi Editorial ka
shqyrtoje ¢do

detyré té
artikull, pa



paragjykuar, apo diskriminuar
autorét pér arsye sic jané, gjinia,
raca, kombésia apo prirja seksuale,
cka do té pérbénte dhe shkelje
té paraparé nga Ligji Nr. 10 221,
daté 4.2.2010 “Pér mbrojtjen nga
diskriminimi”.

Artikujt shgyrtohen sipas afateve
kohore te parashikuara

Bordi Editorial ka detyré té
respektojé pavarésine intelektuale
té autorit

Bordi Editorial pérjashton nga
mbledhja anétarét gé kané konflikt
interesi né materialin e paraqgitur

Bordi Editorial duhet té mbrojé té
drejtat e autorit qé ka paraqitur
artikullin - dhe té mos lejojé
pérdorimin e materialeve té
artikujve né ményré abuzive gjaté
kohés kur ata jané té dorezuar pér
botim

Anétarét e Bordi Editorial jané
té detyruar té béjné kritikat
e tyre konstruktive me qéllim
pérmirésimin e cilésisé sé artikullit.
Nése anétarét e Bordi Editorial
mendojné se né artikuj ka gabime
ata duhét té punojné veté pér ta
korigjuar kété gabim nése éshté
e mundur apo pér té udhézuar
autorét pér ta pérmirésuar até.

Respektimi i té Drejtave té Autorit,
nga autorét e artikujve

Autorét e artikujve, jané té
detyruar té respektojné normat
pér té Drejtat e Autorit, té njohura
prej ligjit Nr. 9380, daté 28.4.2005
“Pér té drejtén e autorit dhe té
drejtat e tjera té lidhura me té&”,
me ndryshimet e mévonshme,
amendimet e tij, dhe normat e reja

5.

ligjore gé mund té miratohen né té
ardhmen

Pér kété géllim té gjitha imazhet,
foto, figura apo grafikét e sjella pér
botim duhet té jené té shogéruara
me autorésiné origjinale

Autorét e artikullit, pérpara botimit
té artikullit nénshkruajné njé
formular i cili vérteton respektimin
prej tyre té ligjit té lartpérmendur.
Refuzimi pér té dhéné kéte
deklaraté sjell mosbotimin e
artikullit pavarésisht vlerave té tij.

Pérdorim i imazheve, fotove,
figurave apo grafikéve té béra
publike, nga autoré té méparshém,
dhe té pérdoruara nga autorét e
artikujve si bazé e materialit té
tyre grafik me pérmirésime nga
ata veté (vepra té prejardhura),
éshté i lejueshém né bazé té
neneve 27, 28, 29 té ligjit Nr. 9380,
daté 28.04.2005, sepse autorét e
artikujve té “Buletini i Shkencave
Gjeologjike”, nuk botojné me
géllime fitimi, por ata duhet té jené
pasuruar me té dhéna té reja dhe
citim té autorésisé origjinale dhe té
pérmirésuesit.

Cdo pérmendje e ideve té autoréve
té ndryshém, citohet né tekstin e
artikujve, dhe renditet né listén
e referncave sic udhézohet né
“Kérkesa ndaj autoréve” né
Statutin e Bordit Editorial.

Ekspertiza e artikullit

Cdo artikull, pas dorézimit tek
Redaktori Pérgjegjés, i nénshtrohet
diskutimit né mbledhjen mé té
afért té Bordit Editorial. Bordi e
shqgyrton pér té dhéné njé vlerésim



paraprak pér gjendjen dhe vlerat
e artikullit. Mbasi Bordi Editorial
bie dakord se artikulli éshté né
pérputhje me parametrat e kérkuar
dheiplotéson kushtet e njé artikulli
shkencor ai cakton ekspertin, njé
person me veprimtari té njohur
shkencore né fushén dhe rajonin
gé éshteé subjekt i artikullit.

2. Eksperti, mbasi pranon kushtet e
kontratés pér ekspertizén, e kryen
até sipas Formularit pér Ekspertizén
e Artikullit, i cili éshté njé material
i miratuar nga zyrtarisht pér
vlerésimin e artikullit.

vendimin formal pér botimin ose jo té
artikullit.

Né asnjé rast emri i ekspertit nuk béhet
publik pér autorét e artikullit.

Nése fshehtésia prishet nga veté
eksperti, pérpara se ai té dérgojé
vlerésimin né Bordin Editorial, kjo
konsiderohet si konflikt interesi, dhe
ekspertiza quhet e papranueshme.

Pasi eksperti e ka dorézuar ekspertizé,
ai mund ta ndihmojé autorin pér
pérmirésimin e mangésive, né rastet
e kategorisé 2 apo 3, dhe kjo nuk do
té konsiderohet si veprim i gabuar dhe
joetik

Kriteret e vlerésimit té doréshkrimit (Modeli i Formularit pér Ekspertizen e Artikullit)

Kriteret bazé

| shkélqyer I mire idrejté | varfér

(1) (2) (3) (4)

Réndésia Shkencore

A pérfagéson doréshkrimi njé kontribut thelbésor
pér progresin shkencor té fushés

(merr né shgyrtim konceptet thelbésore, ideté,
metodat ose té dhénat té reja)

Cilésia shkencore

A jané té vlefshme pérfundimet shkencore dhe
metodat e aplikuara?

A jané diskutuar rezultatet ne ményrén e duhur
dhe té balancuar

(merren né shqyrtim punimet e méparshme,
pérfshi dhe referencat e pérdoruar)

Cilésia e prezantimit

A jané shprehur rezultatet shkencore dhe
konkluzionet né ményré té garté kongize dhe né
formé té miréstrukturar? (merren né né shqyrtim
numrat dhe cilesia e figurave dhe tabelave,
pérdorimi i sakté i gjuhés shqgipe dhe angleze)

Rezultatiekspertizés éshté kategorizimi
i artikujve né:

1. Botim pa ndryshime

2. Botim pas ndyshimesh té vogla
3. Botim pas ripunimit

4. | papérshtatshém pér botim

Né bazé té saj Bordi harton pérgjigje
pér autorét pérkatés ku i njofton pér

Eksperti éshté i detyruar té konkretizoje
pérfundimet e tij pér vendimet e pikés
2 dhe 3 duke orientuar autorét pér
pérmiresimet.

Autorét kané té drejte té reagojne ndaj
vlerésimeve 2, 3 dhe 4 e té apelojne
vendimin prané Bordit.

Bordi e shqyrton dhe cakton njé
ekspert pér njé vlerésim té dyté. Nése

\



vlerésimi i ekspertit té dyté éshté i
njéjté, vendimi i Bordit éshté i formés
Sé preré.

Ekspertet nuk kané penalitete pér
mendimet e shprehura pér vleresimet
e tyre.

Per te kategorizuar skemen, eksperti
duhet tu pergjigjet pyetjeve:

a.

Vi

A mendoni se autori nxjerr
pérfundime té papublikuara mé
paré nga ai apo autoré té tjeré;

A mendoni se autori ka paragitur
material qé mund té pérbéjé
plagjiaturé. Nqgs po  jepni
argumentat tuaja;

A ka pérputhje mes referencave
té cituara né tekst dhe atyre té
paragitura né listén e referencave;

A mendoni se ka pérfundime té
cilat pérbejné gabime shkencore
apo u mungon llogjika shkencore

e.

f.

g.

né argumentim;

A mendoni se publikimi i artikullit
do té nxise debatin shkencor pro
ose kundér tij;

A mendoni se artikulli nxjerr
pérfundime té reja, ose kryen
njé pérmbledhje té atyre té
méparéshme né njé menyre té re
origjinale;

A mendoni se grafikét jané té
vlefshém, té realizuar sakté dhe
me té gjithé citimet e nevojshme?
Ngs jo beni veréjtjet tuaja pér
¢faré duhet pér ti pérmirésuar ato;

Miratohet
Dr. Viktor Doda
Drejtor i Pérgjithshém
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