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U ZHVILLUA SIMPOZIUMI I PARE
KOMBETAR I GJEOFIZIKES

Simpoziumi i paré Kombétar i Gjeofizikés i zhvilloi punimet nga data 10 deri 11 Maj
1991 né sallat e Muzeumit Kombétar t& Historisé né Tirané.

Ai u organizua nga Seksioni i Gjeofizikés i Shogatés s& Gjeologéve t& Shqipérisé,

Néntédhjeté e tre specialisté dhe shkencétaré t€ institucioneve shkencore dhe té
ndérmartjeve gjeofizike té vendit paragitén 45 kumtesa. Njémbédhjeté kumtesa u paragitén
nga 13 shkencétaré t€ huaj nga Austria, Bullgaria, Franca, Italia dhe Shtetet e Bashkuara t&
' Amerikés, disa nga kéto kumtesa ishin pérgatitur sé¢ bashku edhe me specialistét shqgiptaré.

Né seancén plenare u dégjua referati: “Kérkimet gjeofizike né¢ Shqipéri dhe zhvillimi
i tyre né t& ardhmen”. Pas késaj, Simpoziumi i zhvilloi punimet né katér seksione: Gjeofizika
lerahinore (10 kumtesa); Gjeofizika pér kérkimet e naftés dhe té gazit me nénseksionin e
sizmikés (13 kumtesa) dhe & gjeofizikés sé puseve (6 kumtesa); Gjeofizika e mineraleve té
ngurté (20 kumtesa) dhe né até t€ Sizmologjisé, Gjeologjisé Inxhinierike dhe Kérkimeve
Hidrogjeologjike (7 kumtesa).

Pérmbledhjet e kumtesave né shgip dhe né gjuhén angleze botohen né Buletinin e
Shkencave Gjeologjike dhe né€ Buletinin e Naftés e t& Gazit, sipas fushés g€ i pérkasin.

Pér organizimin e simpoziumit punoi komisioni kryesor i organizimit, redaksia e

pérgjithshme ( lﬁr—fgor Lubonjal Dr. Llambi Langore, Prof. Dr. Eduard Sulstarova, Dr.
Daver Cano, Dr. Halim inxh. Spartak Nasto); grupi i redaktimit pér seksionin e

gjeofizikés sé naftés (Dr. Pertef Nishani, inxh. Vladimir Veizaj) dhe pér seksionin e
gjeofizikés s¢ mineraieve t€ ngurta (Dr. Radium Avxhiu, Dr. Fatmir Duli. Dr. Pérparim
Alikaj), si dhe komisioni teknik (Dr. Salvator Bushati, inxh. Burhan Canga, Gazmend Sina,
teknik gjeolog Ramazan Kurti). Komisioni organizues i simpoziumit pérbéhej nga: Prof. Dr.
Alfred Frashéri - Kryetar; Dr. Afat Serjani - Sekretar; Dr. Alaudin Kodra, Dr. Aleko Stamata,
Dr. Fatmir Duli dhe Dr. Pérparim Alikaj-anétar€. Pérgatitja e materialeve t&€ simpoziumit pér
botim u bé nga A. Frashéri, R. Avxhiu, P. Alikaj dhe sekretari i cedaksisé A. Serjani.

Radium AVXHIA
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KERKIMET GJEOFIZIKE NE SHQIPERI
DHE ZHVILLIMI I TYRE NE TE ARDHMEN

Alfred Frashéri Fakulteti i Gjeologjisé dhe i Minierave

Drini Mazini Ministria e Burimeve Minerare dhe Energjitikes
[Ligor Lubonja ] Fakaulteti i Gjeologjisé dhe i Minierave

Llambi Langora  Ndérmarja Gjeofizike, Tirané

Shérbimi gjeofizik shqiptar, i krijuar dyzet vjet pérpara, vjen sot n€ Simpoziumin
Kombétar t€ paré me arritje dhe me program t€ garté pune pér té€ ardhmen.

Shqipéria éshté vend me industri minerare té€ zhvilluar dbe gjeofizika pérparoi si
domosdoshméri pér té realizuar kérkimet gieofizike me anén e metodave komplekse
bashkékohore. E nisém punén nga fillimi, pa pawr asnjé tradité nga e kaluara. Tipar
karakteristik i gjeofizikés n3 vendin toné €shté se ajo nga njé pesévjecar né tjetrin, gjithnjé
emé miré, uzhvillua nga punonjésit e saj dhe nga specialistét e tjeré t€ gjeol ogjis€. né pérputhje
me detyrat e shtruara pér zgjidhje dhe né pérshtatje me gjeclogjin€ e Albanideve, t€ cilat jané
njé brez i rrudhosur malor. Sot né vendin toné ushtrojné veprimtariné tre ndérmardge dhe
dhjeté ekspedita gjeofizike i€ specializuara. t€ cilat e bashkérendojné punén me institucionet
dhe me ndérmarrjet gjeologjike t€ vendit pér kérkimin ¢ vendburimeve t€ nafiés e gazit, bakrit,
kromit, té polimetaleve, té boksideve, té shkriférimeve, t€ qymyrit, té fosforiteve, té asbestit,
t€ ujrave néntokésore, si dhe pér studime gjeologo-inxhinjerike. Ato kryejné edhe studime
gjeofizike regjonale. Zhvillohen studime sizmoiogjike komplekse nga Qendra e Sizmologjisé
e Akadeinia e Shkeacave. Specialistét e larté gjeofiziké pérgatiten né degén e gjeofizikés né
Fakultetin e Gjeologjisé dhe Minierave t€ Universitetit Politeknik t€ Tiranés, ku béhet edhe
kualifikimi pasuniversitar i tyre. )

Drejtim i réndésishém i zbatimit t& gjeofizikés éshté kérkimi i vendburimeve t& naftés
e t& gazit. Sizmika e valéve té reflektuara, me sisteme vrojtimi homogjen me mbulim
shuméfish, &shté metoda kryzsore midis metodave gjeofizike gé pérdoret pér ké.& gélim. Ajo
2€& 92 pér qind t€ véllimit &€ studimeve gjeofizike pér kérkimin e naftés e t& gazit. Krahas saj,
pérdoret gravimetria dhe pér ndonjé detyr€ t€ vecanté edne elektrometria. Pér kérkimin
shtratimeve t& gazit pérdoret stratigrafia sizmike; veganérish, studiohen atributet e sinjalit
sizmik. Studimi gjeofizik i puseve té thella t& nafés e t& gazit realizohet me anén e metodave
t&€ ndryshme té karotazhit elektrik, radioaktiv dhe akustik. Gjeofizika e naftés dhe e gazit ka
dhéné ndihmesé pér zbulimin e shumé vendburimeve t€ naftés dhe t€ gazit né vendin tong, si
Marinza e Kallém - Verria, Cakrani, Arréza, Amonica, Finiqi e Delvina, Karbugara, Divjaka
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e Frakulla, Polevca, Ballaj dhe Durrési, Panajaja et;.

Ne té€ ardhmen, gjeofizika do t€ rrité cilésin€ dhe sigurin€ e icterpretimeve me anén e
pérsosjes sé teknologjisé sé vrojtimeve dhe t€ pérpunimit t€ informacionit sizmik, t&
karotazheve dhe t€ metodave t€ tjera. Eshté né rend t€ dité€s konsolidimi i arritjeve t&
stratigrafis€ sizmike pér kérkimin e gazit, zhvillimi i métejshém i saj, zbatimi edhe pér
kérkimin e strukturave t€ gélgeroréve. Kérkimi dhe zbulimi i vendburimeve té€ mineraleve t&
dobishme t& ngurta &shté njé drejtim tjetér i zbatimit & gjeofizikés tek ne. Midis tyre vendin
kryesor e zéné vendburimet e bakrit, pér kérkimin e t€ ciléve pérdoret metoda e polarizimit
t& provokuar dhe kohét e fundit edhe metoda e polarizimit t& provokuar spektral, profilet dhe
sondimet e rezistencés sé dukshme, metoda TURAM, ajo e fushés elektrike natyrore dhe trupit
té ngarkuar, mé pak gravimetria dhe magnetometria. Kané filluar studimet gjeofizike t&
puseve té shpimeve dhe t€ vrojtimeve néntokésore peér kérkimin rreth punimeve minerare.
Ndihmesa e gjeofizikés éshté e ndjeshme né kérkim - zbulimin e dhjetra vendburimeve duke
nisur me Gjegjanin, Tucin, Kaginarin e deri tek Qafbari, Palaj, Laku i Rroshit, Paluca, Perlati,
Rehova etj. Né t& ardhmen do t& marré zhvillimin e duhur kérkimi né thellési t€ médha 600-
800 m, do t& deshifrohen anomalité e pérbeéra, ato t€ dobéta dhe do t€ pérpunohet telologjia
pér € kryer vrojtime pran€ minierave, né€ kishtet e ekzistencés sé zhurmave elekiike
industriale.

Nga viti n€ vit, duke punuar né€ fusha xeherore, mz gjeologji i€ kompiikuar, &shté
zgjeruar zbatimi i gjeofizikés pér kérkimin ¢ kromit, me anén e gravimetzisé, magnetormetrisg,
t& polarizimit t& provokuar, si dhe t€ magnetometris€ vektoriale dhe t€ gama-gama karotazhit
né puset e shpimeve. Me kété éshté ndjeré ndibmesa e gjeofizikés né kérkimin e vendburimeve
t€ reja si ai i Témovés, Jugu 1 Batrés etj. N€ kété drejtim do t€ forcohet puna studimore dhe
interpretuese pér vecimin e anomalive t€ shkaktuara nga trupat e kromit. mbi bazén e pérsosjes
sé¢ métejshme t& kompleksit dhe té zgjerimit e thellimit t€ studimeve petrofizike.

Pér t& dy kéta minerale, pér atg t€ bakrit e t& kromit. do t€ z&ré vendin e duhur studimi
gjeofizik i té gjitha puseve t€ shpimeve die gjeofizikanéntokésore, me synim gg t€ zvogélohet
sasia e kampionit t& nxjerré né progesin e shpimit, t rrallohet rrjeti i punimeve minerare dhe
shpimeve né fazén e paré té kérkimit, si dhe pér shtimin e rezervave té miceraleve té dobishme
meth punimeve minerare, midis t€ cilave edhe ato g€ ndodhen né thellési t¢ médha.

Né té ardhmen do t€ rritet mé tej frytshméria e kérkimeve dhe e studimeve gjeofizike
t€ puseve pér mineralet e tjera. si dhe do t& zgjerohet sfera e pérdorimit t€ gjeofizikés pér
kérkimin e mineraleve t€ reja. Do t€ z€n€ vendin e vet edhe studimet gjeofizike krahinore,

>canérisht ato sizmike, né zonén Mirdita. Po punohet pér kompletimin e métejshém té
gjeofizikés inxhinjerike dhe asaj pér kérkimet hidrogjeologjike. Pérparimet e sizmologjisg,
krahas studimeve mbi sizmicitetin e Albanideve, do t€ prekin edhe sferén e mikrozonimit
sizmik dhe t€ inxhinjerisé sé termeteve. Zgjidhja e detyrave teknike né miniera, si dhe studimi
i presioneve minerare do € jeté njé drejtim i ri, i réndésishém, i zhvillimit té gjeofizikés,
veganérisht tani gé ndértojmé dhe shfrytézojmé miniera me kapacitete prodhuese té médha
dhe né thellési gindra metra.

Puna e lavdérueshme pér matematizimin e pérpunimit dhe interpretimit té informa-
cionit gjeofizik, e cila filloi kétu e njézet vjet mé par€, me pé€rdorimin ¢ t& paréve ordinatoré
n€ vendin toné, do té ngrihet né nivele cilésore mé t€ larta, me anén e hartimit t€ paketave té
programeve t€ reja, q¢ mbéshteten né algoritme bashkékohore. NE t€ ardhmen, duke u
mbéshictur fugimisht n€ bazén industriale dhe laboratorike t€ vendit ton€, punonjésit e
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gjeofizikés dhe té uzinave t& vendit, do té gojné mé pérpara ndértimin e aparaturave gjeofizike,
veganérisht atyre me pérdorim masiv.

Punonjésit e gjeofizikés, me devotshmériné ¢ tyre, me dinjitet dhe pérvojén e fituar né
kéta dyzet vjet, si edhe arritjet e gjeofizikés deri tani, pérbéjné bazén pér t& ecur pérpara, pér
ta béré gjeofizikén né vendin toné t€ afté t& zgjidhé né kohé dhe me cilési té gjitha detyrat qé
i kané véné kérkimet gjeofizike sot dhe né perspektivé.

GEOPHYSICAL PROSPECTING IN ALBANIA
AND ITS FUTURE DEVELOPMENT

The Albanian Geophysical Survey created forty years ago, comes in this First National
Symposium with achievements and a clear working program for the future.

Albania is a country with a developed mining industry where the geophysical survey
has advanced continously to support the Geological prospecting based on integrated contem-
porary methods. We started our work from the scratch with no heritage from the past. In
conformity with the tasks to be solved and the geology of Albanides as an Alpine belt, our
geophysics has broadenedits scope and developed from year to year. At present there are three
enterprises and ten geophysical expeditions in our country which coordinate their activity with
geological institutions and eaterprises in the search for oil and gas, copper, chrome,
polymetals, bauxites, placers, coal, phosphorites, asbestos, groundwaters and engineering
geology studies. They undertake regional geophysical surveys, too. Integrated seismological
investigations are carried out by the Seismological Center of the Academy of Sciences. Higher
school geophysical specialists graduate and postgraduate in the geophysics branch in the
Faculty of Geology and Mining at the University of Tirana.

An important direction of the applied geophysics is the exploration for oil and gas
deposits. The seismic reflection method with homogeneous survey systems of multiple
coverage is the main geophysical method used for this purpose. It covers 92 per ceat of the total
of geophysical surveys for oil and gas. Besides, the gravity method is used, too and sometimes,
for particular problems, the electrical prospecting are also made use of. In the search for
relatively shallow gas deposits, seismic stratigraphy and especially the study of seismic signals
attribute are used.

Borehole geophysics on deep oil and gas wells are carried out with the aid of different
measurements of electrical, acoustic and nuclear well logging. The oil and gas geophysics has
greatly contributed in the search for many oil and gas deposits in our country. Ir the future it
will better the quality and certainty of interpretations through the improvement of mecasure-
ment technology and data processing of seismic information, well- logging and other methods.
The consolidation of seismic stratigraphy achievements for gas exploration, its further
development and application in the search for limestone structures are on the agenda.

The search and discovery of solid mineral deposits is another direction of application
of the geophysics in our country. Among them, the copper are exploration plays the major role
for geophysical methods, like Induced Polarization (IP), Spectral IP (recently), Resistivity,
Self-Potential, Turam (EM), misse a la masse and less gravity and magnetic. The geophysical
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investigations around the boreholes and mine works in the search for copper sulphide have
started The contribution of geophysics is important in the expioration of tens of copper
suiphide deposits like those in Gjegjani, Tugi, Kaginari, Qaf-Bari, Palaj-Karmé, Laku i Roshit,
Paluca, Perlati, Rehova, etc. The duties for the future are: further development of the deep
exploration at the depths 600-800 m, resolutions of compound and weak anromalies and the
ways tc carry out measurements around the mines, in the conditions of electrical noises will
be elaborated.

Year in year out, working in complicated geology, the application of geophysics in the
search for chrome has been widespread. Methods like gravity, magnetic, induced polarization,
while in toreholes the three component magnetic and gamma-gamma logging have been used.
Through this variety of methods the contribution of geophysics in the search for new ore
deposits like Ternova, South of Batra etc, or to enlarge the known ones like Shkalla, Pojska
etc., has been evident. In this direction of anomalies causes by chreme cres through the fusther
perfection of the exploration and extension as well decpening of the petrophysical studies.

For both these minerals, copper and chrome, the underground geophysical investiga-
tions of boeholes and mine works, through the logging and spatial measurements around them,
will play a more imporant role aiming to reduce the drilling core samples, to rarefy the mine
works and borehole grid in the first stage of exploration, to increase the mineral reserves
around the mine works, among which those occurring at great depths.

In the future a further augmentation of the effectiveness of well-logging investigations
for other minerals and extension of geophysical studies in the search for new minerals will
incur. The regional geophysical studies, especially the seismic one, in Mirdita zone, will betier
play their own role. The further completion and consolidation of the geophysical grcups in
engineering geology and hydrogeological studies in being caried out. The advancements of
seismology, parallel with the study of the seismicity of Albanides will enter into the scope of
seismic microzoning and seismic engineering: The solution of technical duties in mines, as
well the study of the mining pressure field, will be anew important direction of the geophysics
development, especially at present when, in our country, big capacity mines, at the depth of
some hundred meters are being constructed and exploited.

The good work for the mathematizasion of the data processing and interpreting of the
2eophysical information, with started twenty years ago, will be raised to higher quantiwtive
levels through the compiling of new packets of programs based on contemporary algorithms.

In the future, our specialists based on the industrial and laboratory basis of the country
will advance the construction of geophysical instrumentation, especially those of massive
usage like underground geophysical instruments in order to widespread their application in
mineral exploration.

Our geophysicists, with their devotion kncwledge and experience gained these forty
years as well the present achievements of the geophysics, constitute ihe basis to go ahead, to
make our geophysics capabletosolve all the duties charged by Geological Survey at the proper
time and with a great quality.
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VENDI I ALBANIDEVE NE BREZIN ALPIN
NEN DRITEN E TE DHENAVE GJEOFIZIKE

[ Ligor Lubonja I Fakulteti i Gjeologjisé dhe i Minierave
Asti Papa Akademia e Shkencave
Pertef Nishani Fakulteti i Gjeologjisé dhe i Minierave
Adem Hyseni Fakulteti i Gjeologjisé dhe i Minierave
Salvator Bushati Ndérmarrja Gjeofizike, Tirané
Vasillaq Leci Fakaulteti i Gjeologjisé dhe i Minierave

Albanidet, ose bashkésia e strukturave gjeologjike qé pérbéjné territerin e Shqipérise,
jané njé nyje e réndésishme e brezit orogjenik alpin mesdhetar.

Ato e kané filluar evolucionin gjeologjik qysh né trias mbi njé nénshtrat hercinian die
jané formuar nga orogjeneza alpine. Etapat kryesore orogjenike kané gené€ ato t¢ fundit té
jurasikut - fillimit € kretakut (paleotektonike). fundit t€ kretakut - eocenit (tektonike),
oligocenit - miocenit (tarditektonike) dhe pliocen - kuaternarit (neotektonike). Etapa
paleotektonike g€ shkaktoi zé€nien vend té ofioliteve, si ashkla t€ kores cqeanike, ka prekur
vetém zonat e brendshme t€ Albanideve, duke i vegtar ato nga zonat e jashtme, t€ cilat jané
piesé pérbérése e buzings kontinentale t&é Adrias ose t€ pllakés sé Adriatikut dhe jané prekur
vetém nga etapat e mévonshme tektonike, tarditektonike dhe neotektonike.

Formimi i flishit, bashké me fazat orogjenike, mergon né hzpésiré e né kohé nga L
(Albanidet e brendshme) drejt P (ALbanidet e jashame).

Strukturat e Albanideve, me stil tektonik tipik alpin, zakonisht kané drejtim JJL - VVP,
jané asimetrike, me anim tekronik peréndimor, heré heré t€ shtrira e t€ pérmbysura, me
shképutje e zhvendosje t€ shumta, zakonisht né krahét peréndimoré, e qé kalojné né
sharriazhime dhe né mbulesa tcktonike té njé zone mbi njé tjetér, té cilat kané sjellé aloktoniné
e ploté t€ Albanideve t& brendshme.

Té zhvilluara jané edhe dukurité e tektonikés kripore, me futje diapiresh.

Né Albanidet shquhen edhe thyerje € thella gjatésore e térthore, mé e njohura nga té
cilat €shté thyerja e térthorté Shodér - Pejé, q€ ndan Albanidet vericre (té cilat vazhdojos né
Helenidet né Greqi). Si trevé e orogjenezés alpine, Albanidet kané sizmicitet t& larté.
Interpretimi i tipareve strukturore té Albanideve ka qéné bazuar né té€ dhénat e gjeologjisé.
Vitet e fundit argumentave gjeologjike u jané shtuar edhe & dhénat gjeofizike, veganérisht
gravimetrike, magnetometrike e sizmologjike, gé ndihmojné sidomos pér njohjen e strukurés
s€ thell€ t€ Albanideve.

Né tablloné e pérhapjes sé fushés sé forcés sé réndesés dallohet njé brez anomal i
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Fig. 1.Harta komplekse telgonike dhe aksete anomalisé mugé té forcés sé rezistencés né Albanidet dhe né shelfin
detarté Adriatikut (t€ dhénat gravimetrike € detit Adriatik sipas vitit 1980). 1. Ultésiraprané adriatike; 2. Zona Jonike;
3.ZonaKruja; 4. Zona Krasta Cukali; 5. Zona Sazani; 6. Zona Mirdita; 7. Zona Korzbi; 8. ZonaGashi; 9. Ztna e Alpeve
Shgiptare; 10.Nénzonae Vermoshit; 11. Akseté Ancmalive gravimetrikenegative a, pozitiv b. 12. Izovlera & fushés sé
réndesésné det; 13. Thellésité pozitive a, negativeb, t& kores sé tokés: 14. Kufii UPA me mospajtim kéndor; 15. Shképutja
normale; 16. Shtytje; 17. Kufinj mbulesor € deformuar néetapénneotektonike; 18. Lartréshqitjembihipse; 19. Fleksura
e shképutje sipas té dhénave gjcofizike: 21. Mbihipje jo aktive; 22. Zona t& ndrydhjes adhe té térhegjes b. 23. Thyerje té
thella sizmogjene; 24. Akset ¢ brezave me nivele té ndryshme té tavanit té€ gélgeroréve (+cektim, -thellim).
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fugishém i cili né plan pérvijon miré zonén e Mirdités. Né skajin e saj VL anomalia Buge ok
mbyllet dhe vazhdon né zonén ofiolitike t€ Dinarideve s.s. Drejt pjesés JL t€ zonés s€ Mirditis
anomalia ésht€ e ngushté, me gjani mé t€ vogél, ka pamjen e njé mozaiku, me disa epigendra
anomalish t& vogla dhe mbetet e hapur dreijt zoa&€s Subpelagoniane t&¢ Helenideve. Késisaj
vérehet njé ndryshim midis vazhdimit verior dhe atij jugor té€ zonés s& Mirdités. Me sa duket,
kjo gjé i detyrohet faktit qé né pjesén veriore t& késaj zone masivet ofiolitike kané pérmasa &
médha, deri né disa gindra km? (Bulqizé etj.). ndérsa né pjesén jugore té zonés t€ Mirdités, si
dhe né Helenidet kéta masivé jané mé té vegjél.

Zona e Korabit karakterizohet nga njé fushé e forcés sé réndesés, té geté me intensitet
t€ ulét, njélloj me até gé vérehet n€ zonén Pelagoniane t€ Helenideve. Kjo gjé shpjegohet me
faktin se né zonén e Korabit nuk ka ofiolite dhe depozitimet paleozoike jané té sharézuara mbi
njé zoné buzine kontinentale, gé késisoj del si dritare tektonike. Argumenta té€ ndryshme
gjeologjike pérkrahin mendimin se kjc mund t& jeté zona e Krujés.

NE zonén e Alpeve Shqgiptare éshté shquar njé minimum i thell€ i anomalisé Buge, i
cili vijon pa ndérprerje edhe né zonén ¢ Karstit t€ Larté t&¢ Dinarideve, gjé g€ tregon se edte
né thellési kéto dy zona jané vazhdim i drejtpérdrejté i njéra tjetreés.

Duke filluar nga Gjiri i Lalzite mé né JL, drejt Lushnjés, si dhe nga Sulova né Leskovik,
me fjal€ t€ tjera né vise t€ zonés Jonike e asaj t& Krujés, shtrihet njé “hulli” e dallueshme mig
e forcés s€ réndesés. Duke qépé se kjo anomali e Bugesé nuk ndjek kufijté palogjeografiké €
zonave né fjal€, éshté shkatéruar, pasi né kéto zona jané veguar si njési paleogjeografike-
strukturore. Me sa duket kjo dukuri mund t& lidhet me depértimin e masave evaporitike. Duke
shkuar drejt JP nga zona e Sazanit, intesiteti i fushés s& réndesés rritet dora-dores, si rrjedhog
¢ pranis€ s€ mas€s monolite t€ ptlakés s€ Adriatikut.

Izoanomalité e forcés s¢ réndesés né stere e né shelfin detar t€ Adriatikut kané drejtin
t& pérgjithshém VP-JL dhe vazhdojné pa ndérpresje né zonén e Paksosit e né até Jonike &
Helenideve, nga njéra ang, si dhe né zonén Dalmate t& Dinarideve, nga ana tjetér. Kjo ecui
pésoa dy shmangje né drejtim JP-VL: njéra n& J t€ Vlorés dhe tjetra né drejtimin Lushnje-
Elbasan-Dibér. Sipas t&¢ dhénave sizmologjike kjo e fundit pérputhet me thyerjen térthore
sizmogjene t& njohur, e cila vazhdon deri né Shkup e mé né L. Ndérkaq edhe né pjesén VL
t€ tablosé s& anomalive Buge spikat qart€ thyerja térthore Shkodér-Pejé.

Tipare t€ ngjashme ka edhe tabloja ¢ pérhapjes s€ fushés magnetike. N& shpémdarjen
e fushés anomale té réndesés dhe asaj magnetike ndikojné kufijté e dendésisé dhe kufijé
magnetiké t€ thellésive t€ médha, g€ nga tavani i bazamentit kristalin e deri né& kufirin Moka,
si dhe struktura mé t€ cekta t€ Albanideve.

T€ dhénat e gravimetris€, magnetometris€, sizmologjis€, kérkimeve sizmike, ek
ektrometrisé flasin pér njé stil tektonjik mbulesor &€ Albanideve, me sharriazhimin e zorave
me L mbi ato me P. Vazhdimi i brezave anomale t& fushés sé fercés s€ réndesés, asaj magnetike
dhe asaj sizmologjike, nga albanidet né Dinaridet dbe Helenidet pérforcon, me t& dhém
gjeofizike, mendimin pér stil tektonik t€ ngjashém té téré kétij sektori :€ réndésishém t€ brezit
orogjenik alpin mesdhetar me vegorité e veta n€ ¢do sektor.
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THE POSITION OF ALBANIDES IN THE
ALPINE - MEDITERRANEAN OROGENIC BELT
BASED ON GEOPHYSICAL DATA

Albanides, or the assemblage of geological structures that make up the territory of
Albania, are a key point of the Alpine - Mediterranean Orogenic Belt.

Albanides began their geological evolution in the Trias, upon a Hercynian substratum
and were formed by the Alpine orogeny. The main orogenic stages were those of the late
Jurassic-early Cretaceous(paleotectonic stage), the endof Cretaceous-Eocene (tectonic stage),
the Oligocene-Miocene (traditectonic stage) and the Pliocene-Quaternary (neotectonic stage).
The paleotectonic stage, that caused the emplacement of the ophiolitic suite, as shavings of
the Thethysain oceanic crust, has affected only the inaer zones of Albanides. They are thus
separated from the external zones, which are components of the Adrias (Apulian plate)
continental margin and are affected only by the latest tectonic, tarditectonic and neotectonic
stages.

The structures of Albanides, with typical Alpine tectonic style, usually have a SSE-
NNW direction. They are asymmetrical, with western tectonic vergence, sometimes recum-
bent or reversed and with numerous faults and thrusts in the western flanks, that further
develop into overthrusts, tectonic napes and carriages of one zone over another. So the whole
Inner Albanides are completely allochtonous. In the Albanides there can be seen longitudinal
and wransversal deep fractures, the most prominent of which is the Shkodér-Pejé transversal
fracture, which separates the north Albanides (sequence of the Dinarides in Yugoslavia) from
the south Albanides (sequence in the Hellenides in Greece).

Many phenomena of salt tectonics with diaper piercements and phenomena of the
gravity tectonics, are also prominent geological features of the Albanides.

As part of Alpine Orogeny, the Albanides have relatively high seismicity.

Interpretation of structural features of Albanides has been based on geological data.
During these last years geological arguments havc been completed with geophysical data,
especially gravimetric, magnetometric and seismological data, which particularly help in the
recognition of the deep structure of Albanides.

The map of dismibution of gravity field shows a highly anomalous belt, which
delineates the Mirdita Zone. In its NE margin the Bouguer anomaly s still open and continues
in the ophiolitic zone of Dinarides. Toward the SE party of Mirdita zone this anomaly is
narrowed, with a smaller amplitude and “mosaic” figure. It has many centers of smaller
anomaiies and remains open towards the Subpelagonian zone of Hellenides. Thus a difference
between the northern and southern prolongation of Mirdita zone is noticed. Evidently this
phenomenon is due to the fact that in the northern part of this zoae, the ophiolitic massifs have
aconsiderable size of many hundreds km? (Bulgiza etc.), while in the southern part of Mirdita
zone (and also in the Hellenides) these massives are smaller.

Korabi zone is characterized by a quiet gravity field, with low intensity, similar to that
of Palagonian zone of Dinarides. This phenomenon is explained by the lack of the ophiolites
in Korabi zone, where the Paleozoic deposits are charriaged over a continental margin zone,
which seems as a tectonic window. Many geological arguments support the opinion that this
tectonic window belongs to Kruia zone.
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In the Albanian Alpine zone there adesp minimum of the Bouguer 2nomaly, has been
identified which continues uninterruptedly i the High Karst zone of Dinarides. This reveals
that these two zones are direct continuations of cne anothzr even in the deep parts.

A marked “trough” of gravity field exiends from Lalezi Bay toward SE, in Lushnja,
Sulova and Leskovik regions of Ionian and Kruja zones. This Bcuguer anomaly does notreflect
the paleo-geographical configuration cf these zones and in this w2y it has been proved that this
anomaly has been caused after the individualization of these zones as isopic units. It sezms that
these phenomena are related with the piercement ot evaporite. In its SW extension, toward
Sazani zone, the intensity of gravity fields gradually increasss, as a result of the presence of
Adriatic plate.

The isoanomaly of gravity field in the mainland and Adriatic continental shelf
generally have an uninterrupted NW-SE strike also in the Paxos and Ionian zone of the
Hellenides in one direction, and in the Dalmate zone of the Dinarides in the other. This trend
is complicated by two deviation of SW-NE directious, one in the south of Vlora and the other
in Viora- Elbasan-Dibér direction. According to the seismological data the lasi deviation
coincides with the known seismogene transversal fault which continues up to Skoplje and cven
further on the east. In the NE part of Bouguer anomaly map a Shkedér-Pej# transversal fault
can easily be.seen.

Similar features are characteristic also for the distribution of the magnetic field
anomalies.

The density boundaries and the great depth magnetic boundaries, from the tcp of
crystalline baserent tili Moho discontinuity, and also the other shallower structures of the
Albanides, influsnce in the distributicn of aromalous gravity and magnetic fields.

The gravity, magnetic, seismoiogy, and scismic prospecting data indicate a nape
tectonic style for the Albanides, with the carriage of eastern zones over the western’s.

The prolongation of anomalous gravity. magnetic and seismological fields from
Albaindes to Dinarides and Hellenides, reinforce the opirion for the existence of similar
tectonic style of this important area of the Alpine-Mediterranean Orogenic Belt. On the other
hand each of them have their own specific characteristics in any sector.
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‘NDERTIMI I HARTAVE KRAHINORE GRAVIMETRIKE
. DHE MAGNETOMETRIKE DHE INTERPRETIMI I
"TYRE NE STUDIMIN GJEOLOGJIK TE ALBANIDEVE

Salvator Bushati Ndermarrja Gjeofizike, Tirané
Alaudin Kodra Ministria e Industrisé, Minierave dhe Energjetikés
Llambi Langora Ndermarrja Gjeofizike, Tirané

Punimet gjeofizike té kryera vitet e fundit né gjithé territorin e Shqipérisé né shkallé
1:500.000 pér studimin e shpérndarjes sé forcés sé réndesés dhe té fushés gjeomagnetike, té
- bashkérenduéra me té dhénat gjeologjike kané sjellé njé informacion t€ gjeré pér strukturén

e Albanideve.
" Pérhapjae fushés sé forcéssé réndesés né Albanide, e paré né plankrahinor, lidhet edhe
me ndryshimin e bazamentit kristalin.

- Bazuar né lidhjet ndérmjet trashésisé sé kores sé tokés dhe anomalisé Bouge si edhe me
té dhenat sizmologjike éshté béré vlerésimi i tabanitté poshiém té kores sé tokés. Kéto rezultate
pérkojné me té dhénat e vendeve fqinjé pér vazhdimésiné e tyre.

Né ményré mé té pérgjithésuar Albanidet ndahen né zona té brendshme dhe té jashtme,
. cilat pér nga vegorité kryesore gjeologjike dhe karakteristikat e shperndarjes sé fushave
. potenciale paraqiten si mé poshté:
" A. Albanidet e brendshme. Né to béjné pjesé zonat e Korabit e té Gashit qé ndertohen
“kryesisht nga shiste paleozoike dhe zona e Mirdités me pérhapje té gjeré té ofioliteve jurasike.
, N& zonat e Korabit dhe t& Gashit fitohen fusha té geta , gjé q¢ mbeshtesin interpretimet
sipas té cilave poshté shisteve paleozoike etj. nuk shtrihen formacione ultramafike. Né té
" kundértén, né zonén e Mirdités, né ményré mjaft té qarté, anomalité Bouge japin té dhéna pér
"gieometring e ofioliteve, me mbivendosjen dyanésore t& tyre mbi buzét kontinentalc lizdore
e kryesisht peréndimore. Masivet ultramafiké té¢ Tropojé-Kukeésit hanografohen nga njé
anomali gravimetrike q& shénohet me intensitet mé té larté né té gjithé parhapjen e ofioliteve
té Albanideve. Fushat anomale gravimetrike dhe magnetometrike argumetojné zvogélimin
progresiv té trashésisé sé ofioliteve té brezit lindor, nga veriu né jug, dhe zhvillimin né trashési
tékufizuar (2- 7 heré) t€ ofioliteve té brezit peréndimor né krahasim me até lindor. Duke marré
né konsideraté té dhénat gjeofizike pér ofiolitet peréndimore té Dinariteve (masivet Konjuk,
. Borje, Zllatibor, Zliator, etj.) del miré né pah aférsia e tyre me ofiolitet torna té brezit
peréndimor, gjé q¢ mbéshtetet edhe me té dhéna té karakterit petrologjik e metalogjenik.

B. Albanidet e jashtme. Né to b3jné pjesé zonat e Krasté-Cukalit- Alpeve, Krujés,
* Jonike dhe Sazani.

_Té dhénat gravimetrike dhe magnetometrike pér rajonin e Kostenjé-Okshtunit, té
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nénzonés sé Krastés mohojné mundésiné e pranisé sé masave ofiolitike poshté flisheve kretak
paleogjenike e jurasiko-kretake, pra mbéshtetet interpretimi qé masivet ultrabazike t&
Bulqizés e @& Shebenikut jané té veguara.

Anomalia e gjeré gravimetrike n2 rajonin e Kérgishtit dhe prania e gélqgeroréve neritike
té Santianianit tepér té€ ngjashém me ato té zonés sé Krujés, si dhe dalja e tyre sé bashku me
evaporitet dhe flishet paleogjenike né trajté dritare tektonike nén shkémbinjté mesozoiké t&
Krastés e paleozoike t&€ Korabit, mbéshtet mir€ interpretimet pér praniné e zonave t& jashtme
né rajonet mé lindore t€ Albanideve.

Zona e Alpeve shqiptare dallohet me njé minimum té thellé té anomalisé Bouge, ndérsa
né€ zonat Jonike dhe Sazani argumentohet njé ngritje e dukshme, gjé g€ mbéshtetet edhe me
té dhénat sizmike.

Minimumi i anomalis€ Bouge né sektorin nga Gjiu i Lalésit, Lushnjé, Dumre lindore
deri né Leskovik, evidentohet mjaft miré dhe me sa duket fiet pér njé ulje né peréndim té
Krujés.

Né bazé t€ matjeve gravi-magpetometrike pérftohen t&€ dhéna t€ reja n€ lidhje me
elementet kryesore paleotektonike dhe tektonike si thyerjet ransformuese Shkodér-Pejé, apo
Vloré-Dibér, etj.

COMPILATION OF THE REGIONAL GRAVITY AND MAGNETIC
MAPS AND THEIR INTERPRETATION TO THE GEOLOGICAL
STUDY OF ALBANIDES

The gravity and magnetic geophysical investigations on the scale 1: 500.000 carried
out recently throughout Albania for the study of gravity and magnetic field distribution, in
concert with geological data, have brought a large information about the swructure of
Albanides.

From a regional point of view, the gravity field distribution in Albanides is related to
the variation of crystalline basement as well. Based on the relation between Earth’s crust
thickness with Bouguer anomaly and on seismological data, the determination of this
thickness has been carried out. These results agree with those of the neighboring countries in
their sequence.

In a more generalized way, Albanides are divided into Inner and External zones, which
in relation to the main geological features and the distribution characteristics of the potential
fields are presented as follows:

A. Inner Albanides. Here are included the Korabi and Gashi zones, which are mainly
constructed by Paleozoic schists and Mirdita zone, with a large extension of Jurassic
ophiolites,

In the Korabi and Gashi zones quiet fields have been obtained, which support the
interpretations according to which, no ultramafic formation is present under the Paleozoic
schists etc,

On the contrary, in Mirdita zone, the Bouguer anomalies quite clearly bring forth data
for the ophiolites geometry. Both ophiolitic belts are overthrusted into continental margins,
in the east and mainly in the west. The ultramafic massif of Tropoja-Kukési is outlined by an
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intense gravity anomaly which is the highest throughout the ophiolites of Albanides.

The gravity and magnetic anomalies support the progressive decrease of the ophiclite
thickness in the ast belt, from the north to the south as well as the limited thickness of the
west belt unlike the east belt (2 to 7 times).

‘ Taking into consideration the geophysical data of western Dynarides ophiolites
(Kon]uk Borje, Zllatibor, Zllator massifs) which present limited thickness (the order 1-2 km),
their similarity with our western belt ophiolites is clearly evident. This fact is supported with
peirological and mctalogenic data as well.

B. External Albanides. Here are included the Krasta-Cukali, Alps, Kruja, Ionian and
Sazani zones.

The gravity and magnetic data of Kostenje-Okshtun region in the Krasta subzone
pegate the possibility of the presence of ophiolites under the Cretaceous-Paleogenic and
Jurassic-Cretaceous flysch, so the interpretation that uitrabasic massifs of Bulqiza and
Shebeniku are isolated to each other is backed up.

The wide gxavnty anomaly in the Kergishti region, the presence of neritic limestones
of Santonian, very similar with those of Kruja zone, their outcrop in conjunction with evaporite

. and Paleogenic flysch in the pattern of tectonic windows under the Mesozoic rocks of Xrasta
and Paleozoic zones of Korabi, strongly sugport the interpretations about the presence of
External zones in the most eastern regions of Albanides.

The Albanian Alps zone is characterized by a deep minimum of the Bouguer anomaly,
while in the Ionian'arid Sazani zones a distinct uphft of the basement bears in evidence through
the positive gravity ‘anomaly. Such an interpretation agrees with seismic data.

The minimum of Bouguer anomaly in the sector Gjiw'i Lalzit, Lushnjé, east Dumre up
to Leskovik is clearly seen and seems to be related with a depression in the western of Kruja.

Thanks to gravity and magnetic measurements, new data in relation to the main
paleotectonic and tectonic slements, like Shkodér-Pejé, Vloré-Dibér waasform faults etc., are
obtained.
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VLERESIMI I RREZIKUT SIZMIK NE SHQIPERI
(NE NIVEL NACIONAL)

Eduard Suistarova Qendra Sizmologjike, Tirané

Shqipéria éshté njé vend me veprimtari té larté sizmike, €shté nga vendet mé aktive né
rajonin e Mesdheut. Vetém gjaté 40-vjetéve t€ fundit Shqgip&ria éshté goditur nga 8 térmete
shkatérrues me M >6,0 t€ cilét kané shkatuar vikima dhe déme t€ konsiderueshme materiale.
Gjaté késaj periudhe térmeti mé i forté ka gené térmeti i 15 prillit 1979 me M =7,2 (I, > IX
ballé MSK-1964), me epigendér né detin Adriatik, n€ aférsi t€ kufirit Mali i Zi-Shqipéri.

Studimet pér vlerésimin e rrezikut sizmik n€ nivel nacional dhe lokal jané kryer dhe
po kryen nga Qendra Sizmologjike e Akademisé sé Shkencave té& Shqipérisé. N€ vitin 1979
pérfunduan studimet pér rajonizimin sizmik té Shqipérisé né shkallén 1: 500.000, odérsa tani
po punohet pér rajonizimin sizmik né shkallén 1: 200.000.

Né kété artikull, mbéshtetur né t& dhénat sizmologjike dhe siznotektonike, jepen
rezultatet kryesore dhe metodologjité qé jané pérdorur e po pérdoren pér vlerésimin e rrezikut
sizmik n€ Shqipéri.

SEISMIC HAZARD ASSESSMENT IN ALBANIA
AT NATIONAL LEVEL

Albania is a country of a high seismic activity, one of the most active in the
Mediterranean region. Only during the last forty years our country was hit by 8 destructive
earthquakes of M >6,0 which caused human losses and considerable damages. The strongest
ones is the eahhquak&s of April 15. 1979 (M = 7.2 ; I >IXMSK-1964); its epicenter was
situated between ALbania and Montenegro, in Adriatic Sea.

The investigation for seismic hazard assessment at national and local level, have been
performed and are under process from the Seismological Center of Academy of Albania. The
studies for the seismic zonation of Albania on scale 1: 500.000, have been accomplished in
1979, and at present we are working for the seismic zonation of Albania on scale 1: 200.000.

Some results and methodologies used for seismic hazard assessment in albania are

presented in this paper.
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STUDIME PALEOMAGNETIKE NE SHQIPERI

Hermann J. Mauritsch  Institut fur Geophysik, Leoben, Austria
Pérparim Alikaj Fakulteti i Gjeologjisé dhe i Minierave
Vangjel Melo Fakulteti i Gjeologjisé dhe i Minierave

Né pérputhje me maméveshjen dypaléshe té bashk&punimit midis Shqipérisé dhe
Austrisé, pérkatésisht Universitetit Politeknik t€ Tiranés, Universitetit t¢ Leobenit dhe
Ndérmarrjes Gjeofizike té Tiranés, u ndérmor ky studim paleomagnetik. Marrja e kampioneve
filloi prané Korgés né sedimentet e oligocenit dhe kretakut & sipérm si dhe ato té titonianit
té Albanideve t¢ Brendshme. Marrja e kampioneve vazhdoi né drejtimin Pogradec-Elbasan
deri né Tiran€, duke ndérpreré zonat e Krasté-Cukalit dhe Krujés. U shpua pérséri né moshat
e oligocenit dhe miocenit t& mesém. Né rrethinat e Tiranés u muarén kampionet e oligocenit
prané Petrelés dhe kretakut t€ sipérm si dhe eocenit né malin e Daijtit. M€ tej né veri, u morén
kampione né njé antiklinal gélgerorésh t€ kretakut t& sipérm (mastriktian) prané Rubikut dhe
né gélgerorét e neokomianit t€ zonés Dinarike (Alpet e Shkodrés).

U studiuan karakteristikat e pastrimit (magnetik) n€ njé sasi mé t€ madhe kampionésh
pilot. Né shkémbinjté e moshés neokomian prané Shkodrés, té cilét paragesin hryesisht
predispozitet diamagnetik, u gjet njé magnetizim mbetés dykomponentesh. Pér temperatura
mbi 300°C u vegua njé sinjal parésor. Shpémdarrja éshté mjaft e larté mbasi intensitetet jané
né brezin 0,2-0,7 mA/m. Né gélgerorét e laretakut pran€ Rubikut u krye njé prové e rrudhés
pozitive ku u pércaktua njé magnetizim shumé komponentésh. Mbi temperaturat 350°-400°C
haset njé sinjal primar. Ndérsa kampionét pilot nga baseni mollasik n€ juglindje i€ Tiranés
jan€ kryesisht t€ pa géndrueshme. Pér gélgerorét e Krujés, né malip e Daijtit, u identifikua njé
magnetizim i géndrueshém njékomponentésh. N& lindje t€ Elbasanit gélgerorét dhe mergelet -
shume t€ alteruar t& kretakut t& sipérm u gjetén plotésisht té mbi vendosur né fushén magnetike
té Tokés. Prané Proptishit (Pogradec) u gjetén t€ pérshtatshém nga provat disa ranoré té
tortonianit. PEr oligocenin né rrethinat e Korgés u identifikua dhe u pastrua me sukses njé
magnetizim trekomponentésh. E njéjta gj€ mund t€ thuhet edhe pér eocenin. N€ temperaturén
mbi 200°C u gjet njé drejtim i fundém i géndrueshém. Gélgerorét e jurasikut (titonian) né
peréndim té€ Korgés kané stabilitet t&€ miré pér temperatura deri né 300°C. Né kété temperaturé
t€ gjithé komponentet shpérthejné.

Né shumicén e margeleve dhe gélgeroreve, magnetit dhe né disa raste magnetit i
mundshém u gjetén si shkaktarét e vetém té€ magnetizimit mbetés. Né disa ranore ka gjithashtu
disa indikacione pér hematit. Hidroksidi i hekurit &hté né ményré t€ qarté minerali qé
shkakton magnetizimin e alterimit.

I gjith€ koleksioni prej 870 kampionesh u pastrua né 4-5 stade pastrimi, né varési té
intensitetit t&€ magnetizimit mbetés. Prova e rrudhés pozitive t&€ Rubikut tregon, t€ paktén pér
kéta gélgeroré, njé pararrudhosje d.m.th., magnetizim primar. Prej vendeve dhe zonave té
kampioneve t& veganté u llogarit dhe u gjykua pér drejtimin mesatar duke pérdorur statistikén
e Fisherit ose Binghamit. Duke véshtruar né kété drejtim mesatar mund t€ vihet re lehté njé
shpémdarje, pak a shumé uniforme e deklinacioneve t€ rrotulluar né drejtim t& akrepave té
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sahatit (35°-60°) pér inklinacione rreth 40°-50°. Kéto drejtime rrotullimi shihen né rezultate
normale dhe t€ pérmbysura. Duke patur né mend shpémdarjen e vendeve t€ marrjes sé
kampioneve mund t& pohohet njé rrotullim orar, t& paktén pér Albanidet e Brendshme e t&
Jashtme né njé kénd 30°-60°, qysh nga koha e sedimentimit t& sedimenteve. Kjo &shté
gjithashtu e vlefshme edhe pér shkémbinjté ultrabazik. Mbasi plioceni i sipérm tregon té
njéjtén magnitude rrotullimi, kjo 1€vizje duhet konsideruar si shumé e re, ndoshta kuaternare.
Ky mrotullim péshkon shumé miré rce rezultatet nga Greqia veriore, t€ gjetura nga studiues té
ndryshém gjaté viteve t& fundit. _

Deri tani me mé pak réndési jané rezultatet e zonave Jonike dhe Dinarike pér shkak t&
koleksionit relativisht t€ vogél 1€ kampioneve.

PALEOMAGNETIC INVESTIGATIONS IN ALBANIA

Within the bilateral cooperation agreement between Albania and Austria executed by
the universities of Tirana and Leoben as well as Geophysical Enterprises in Tirana, a
paleomagnetic campaign was carried out. The sampling started near Korga in Oligocene and
Upper Cretaceous as well as Tithonian sediments of the Inner Albanides. The sampling went
on via Pogradec-Elbasan to Tirana, crossing the Krasta-Cukali and Kruja zone. Again
Oligocene and Mid-Miocene were drilled. In the surroundings of Tirana Oligocene near
Petrele and Upper Cretaceous as well as Eocene in the Dajti Mountains were collected. Further
to the north, an anticline in Upper Cretaceous (Maastrichtian) limestones near Rubik and
Neocomian limestones of the Dinaric Zone were sampled. On a larger set of a pilot samples
the cleaning characteristics were investigated. In the Neocomian near Shkoder, which are
showing mainly diamagnetic susceptibilities, a two component remanent magnetization
(NRM) was found. Above 350°C a primary signal was isolated. The scatter is quite high since
the intensities are in the range 0,2-0,7 mA/m. In the Cretaceous limestones near Rubik. a
positive fold test was carried out, a multicomponent magnetization was stablished. Above
350°C to 400°C a primary signal occurs. Where as the pilots from the Molasszs basin SE of
Tirana are mainly unstable, a stable one component magnetization was identified for the Kruja
limestones in the Dajti Mountains. East were found to be completely overprintedin the present
earth field. Near Proptisht a Torthonian sandstone was tested and found to be suitable. For the
Oligocene in the surroundings of Korca a three component magnetization was identifies and
successfully cleaned. The same is valid for the Eocene. Above 200°Ca stable end direction was
found. The Jurassic (Tithonian) limestone west of Korca are of good stability up to 300°C. At
this temperature all samples are exploding.

In the most marl and limestones, magnetite and in some cases possibly maghemite were
found to be the main carrier mineral of the remanent magnetization. in sole sandstones there
is some indication for hematite as well. Ironhydroxid is obviously the mineral carrying the
weathering magnetization.

The whole collection of 870 samples was cleaned in 4 to 5 cleaning steps, depending
on the intensity of the remanence. The positive fold test at Rubik proves at last for these
limestones a prefolding i.e. primary magnetization. From the individual samples site and area
average direction were calculated and judged by using Fisher and/or Bingham statistics.
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Looking at this average direction, one can easily notice a more or less uniform distribution,
‘one ean easily notice a more or less uniform distribution of clockwise rotated declinations (35°-
60°) by inclinations at about 40° to 50°. Thesc directions respectively rotation senses are seea
in normal and reversed results. With the disiribution of the sampling sites in mind, one can
state a clockwise rotation, for at least the Inner and Outer Albanides by about 30° to 60° since
deposition of the sediments. this is also valid for the ultrabasic rocks. Since even the Upper
Pliocene shows the same magnitude of rotation, this movement has to be called as very young,
possibly Quaternary. This rotasion fits very well results from Northern Greece, found by
different investigations during the last year so far less significant are the results of the Ionian
- and the Dinaric Zone because of the relatively small collection of samples.
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DISA VECORI SIZMOTEKTONIKE TE SHQIPERISE
Shyqyri Aliaj Qendra Sizmologjike, Tirané

Orogjeni né Shqipéri dhe rreth saj, né kolizion me pllakén adriatike, ndértohet nga njé
sekuencé mbulesash tektonike (shariazhesh) dhe ndahet né dy treva me rregjim tektonik t&
sotém % ndryshém: Treva e jashtme me rregjim shtypés dhe treva e brendshme me rregjim
zgjerues. NE trevén e jashtme zhvillohet tektonika shtypése, ndérsa né trevén e brendshme
tektonika zgjeruese e cila ka guar né copétimin e strukturés sé lashté (t&€ mbulesave tektonike
e mbihypjeve) me ané t€ shképutjes normale.

Hipogendrat e térmeteve ndodhen kryesisht deri 25 km thellési dhe mé rralle shkojné
deri 40 km. Disa hipogendra shkojné nén 40 km deri rreth 90 km thell€si. Pra kemi njé
sizmicitet t€ fuqishém t& kores dhe njé tjetér té dobét t€ nénkores. Sizmiciteti i nénkores lidhet
me pllakén zhytése.

Rezultatet mikrotektonike dhe zgjidhjet e mekanizmit t€ vatrave t€ térmeteve t€ kores
kallézojn€ se treva e jashtroe i nénshtrohet shtypjes me drejtim VL-JP, ndérsa treva e
brendshme éshté né zgjerim né drejum VP-JL.

Zgjidhjet e mekanizmit té vatrave t€ pak termeteve mé t€ thell€ (40 < Z <100 km)
tregojné se pllaka zhytése ka pérgjithésisht njé rregjim zgjerues VL-JP.

SOME PARTICULARITIES ON SEISMOTECTONICS
OF ALBANIA

The orogene in Albania and surroundings, in collision with Adriatic plate, is composed
by a sequence of nappe sheets and is divided into tw o domains of different tectonic regime: The
external domain of compressional regime and internal one of extensional regime. In the
external domain the compressional tectonics is developed, while in the internal domain is
developed extensional tectonics, which has caused the fracturation of ancient strictures
(nappe sheets and thrusts).

Generally, the earthquake hypocenters are situated up to 25 km and rarely up to 4/) anc
100 km. As a matter of fact there is a powerful crustal seismicity and a weak and rare sabcrustal
seismicity.

In the external domain the powerful crustal seismicity is concentrated directly behind
the Adratic collision and it is reduced towards NE. In the internal domain Korgé-Ohér-
Peshkopi and Shkodér grabene zones and Elbasan-Dibér transversa zone have  higher crustal
seismicity.

The substructural seismicity is linked with the subducted slab. Microtectonic results
and focal mechanism solution of crustal eartbquakes show that the external domain has
suffered a NE-SW compression, while the internal one is submitted to a NW-SE extension.

Focal mechanism solutions of some deeper earthquakes (40 < Z < 100 km) show that
the subducted slab has generally a NE-SW direction of extensional regime.
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THE ALPINE STRUCTURE: The Geophysical
answer to the geological questions.

Roberto Cassinis  Dipartimento di Scienze della Terra, Universita di Milano

1) Introduction: a brief historical outline of the geophysical exploration.

Three cycles can be distinguished in the geophysical exploration of the alpine range:
the first one (during the forties and the fifties) was dominated by the gravity method, with the
discovery of the “Ivrea” anomaly. In fig. 1 a, synopsis of the Bouguer anomalies in the Alpine-
Apenninic area is shown. The three dotted strips mark the areas where the geophysical
exploration of the Alpine was chiefly concentrated. In the top left corner, the model of the
“Ivrea body” as interpreted in the late sixties is also shown (BERCKHEMER, 1968).

The second cycle is marked by the intensive use of seismic refraction-wide angle
reflection technique (DSS-desp seismic sounding). The DSS era startedin 1956 on the western
Alps and was intended mainly to confirm the gravity interpretation. Along the sixties and the
seventies the exploration programmes were expanded to the whole Alpine range using both
profiles and fans, the acquisition, processing and interpretation procedures being gradually
modified and improved. In the mid eighties this phase culminated with the programme
“European Geotraverse” (EGT) (GALSON and MUELLER, 1986). The DSS technique
achieved two fundamental goals: the drawing of Moho isobath charts and a tentative model
of the velocity structure of the Crust.

The Moho discontinuity was followed nearly everywhere, its shape and depth being in
quantitative agreement with the Bouguer anomalies.

However, as the number of seismic data increased, the crustal structure revealed an
unsuspected complexity even at the Moho level; this evolution is clear if we compare the early
maps with the last ones. At present the drawing of a complete isobath chart of the Moho
beneath the Alps is muchmore difficult than twenty years ago. The map of fig. 2 was compiled
after several DSS campaigns but before the completion of the programme EGT (GIESE et al.,
1982).

The DSS era left open several problems, e.g. the velocity inversions in the upper and
lower Crust, the detailed structure of the upper Crust, the velocity and the lateral variations
in the lower Crust. Different models were proposed to account for the crustal shortening
following the tectonic convergence, each model satisfying both the seismic data andthe gravity
anomalies. This can be understood, because of the lack of constraints. However, the models
were based on hypotheses fundamentally diverging, some of them involving heterogeneities
in the upper Mantle and others only the crustal structure.

In 1986 the third phase of the exploration started with the application of NVR (Near
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Vertical Reflection) seismic exploration method: a first line was then recorded across the
western Alps (French-Italian programme CROP-ECORS) and a Swiss programme of NVR
lines (later joined by the Italian programme CROP) was completed during 1988-89, crossing
the central Alps (NFP-20(ECORS-CROP DEEP SEISMIC SOUNDING GROUP, 1989,
VALASEK and HOLLINGER, 1990).

The third phase of the exploration is characterized by the integration of methods. It was
understood, first of all, that NVR and DSS are complementary seismic techniques but also that
acombination of results obtained by several methods is mandatory in order to better approach
the complexity of the geological problem. Moreover, integration yields more reliable seismic
models that allow a quantitative interpretation of gravity anomalies. Additional complemen-
tary data (especially passive seismology) are providing new information on the whole
lithospheric structure and, therefore, on the involvement of the upper Mantle in the orogenetic
process.

A summary of the main results and of the available geophysical models is presented
here considering the three sectors of fig. 1 (Western, Central and Eastern). It will be clear that
the interpretation of the three synoptic cross sections is based on non-homogeneous data, the
weight of the different methods used for the integration being uneven. Nevertheless, some
conclusions can be drawn on common features and/or discrepancies.

2) Main geological questions.

The complexity of the questions asked by geologists increased with the resolution of
geophysical methods as well as with the technical developments. However, some fundamental
problems can be listed, some of which still remain unanswered:

- Detachment mechanism and structure of the Alpine “napes”.

- Outcropping mechanism of mantle material.

- Collisional mechanisi and amount of crustal shortening,

- Structure and composition of lower Crust.

- Structure and continuity of “M” transition.

- The Alpine “roots”. Mantle heterogeneities.

The scope of the following chapter is to describe the different success achieved so far
in answering the main questions.

3) Summary of the available results

3-1) Western sector. In fig. 3 a, the interpretation cbtained combining the DSS and
NVR data isshown along atransect that represent the average trace of the CROP-ECORS line.
The vertical reflections were migrated using a constant average velocity for the whole Crust
( Vp = 6,25 knvs).

The wide angle reflections obtained by the fans recorded in 1985 in preparation of the
NVR line (NADIR, 1988, HIRN et al., 1989) are also projected on the sanie cross-section. In
general, they are interpreted as reflections from the “M” boundary, the mirrors being situated
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at mid-distance between the shot and the receivers.

The main points of this interpretation are the following:

- There is very little information on velocities because of the absence of controlled
(reversed) refraction profiles. Reliable average velocities can be obtained from the analysis of
NVR only up to TWT of about 2 s where good reflections are recorded As far as the
intermediate and deep crust the depth of the wide angle reflectors and the migration of NVR
are based on average velocities assumed for the european crust.

- A new insight on the geometry of the deep crustal structure was provided by the fans.
The “Ivrea body” appears now rather clearly as a sequence of fragments of high velocity (not
specified), imbricated into the alpine crust. An important results of fans is also the
confirmaticn of the continuity of the “european™ Moho under the Alps. Another finding which
is rather intriguing is the recording of a strong wide angle reflector under the Brianconnais
at the depth of about 25 km. This reflector, however, is observed only on S waves, the reason
for its transparency to P waves remaining debatable. The different ray-path seems a more likely
motive than the physical properties of the mirror.

The NVR in the lower crust marks very clearly the transition to the mantle on the
external side. The thick (almost 2 s) group of reflectors can indicate that the structure of the
lower crust is “lamellar” or “boudins” like. The reflections are abruptly interrupted beneath
the Penninic front. From this position southeastward no more coherent reflectors are observed
along the profile. As we’ll see later, this feature is exactly repeated along the profile crossing
the central Alps.

In fig. 3 b, one of the gravity models (bidimensional) proposed by the study Group
(BAYER at al., 1989) is illustrated. The fitting between the observed and calculated anomalies
is obtained in the hypothesis of a uniform density (2.900 kg/m’) in the lower crust. This model
is preferred because it can support the hypothesis of lithospheric accretionary wedging.

No involvement of the upper mantle heterogeneities is needed to justify the anomalies.
The results of the seismic tomography of P waves delay (Spakman, 1988) shows, like in other
regions of the alpine range, a positive velocity anomaly (max. + 2,5%) in the depth interval
110-170 km (fig. 8). This percentage corresponds to an increase of about 250-300 m/s in
respect to the reference model (PREM).

3-2) Central sector. After the completion of the EGT and of NVR Swiss and italian
lines there is a relative abundance of data along this sector.

The EGT is the better controlled DSS profile crossing the Alps as it is based on several
reversed shots (see fig. 4 c). Moreover it intersects two longitudinal crustal and lithospheric
profiles (Sud-ALP and ALP). Several gravity models were computed in this area. The early
ones (MUELLER et al., 1980, KISSLING et al., 1985) were based on fragmentary and
extrapolated seismic data (“Swiss Geotraverse Como-Basel”). Here the Bouguer anomalies
are still strongly influenced by the north-eastern termination of the “Ivrea body”; the stripping
of this shallow source is difficult because of the lack of information on its depth and geometry.

In fig. 4 a gravity model is shown along the EGT from the Ligurian coast to the Swiss
molassic basin (CASSANO and CASSINIS, 1987). This model (2 D) was derived from the
preliminary seismic results available in 1987 (Giese, 1985). The profile runs easthwards of the
Verbano area, therefore the general pattern of the anomalies is not disturbed by the local
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Fig. 1. Bouguer anomalies in the Alpine-north Apenninic area. The threedoted strips (W-W = western, C-C =
central, E-E =eastem) indicate the sectors where the geophysical exploration was concentrated. In the top left comer, the
model of the “Ivreabody” is shown as interpreted in the late sixties (BERCKHEMER, 1968). Densitics in g/cm?. Bouguer
values in mgals (-160).

“Ivrea” anomaly. A good agreement among the observed and calculated values was found
considering a homogeneous upper mantle, two overlaps in the Moho structure (respectively
beneath the ligurian coast and the Insubric line) and the thinning of the “Padan” crust
approximately beneath the city of Milano.

Besides the assumption of a homogeneous upper mantle, the novelty of this interpre-
tation lies in the detailed knowledge of the upper crust structure and, therefore, of densities
especially in the Po basin. This allows the correct definition of the contribution of the shallow
sources. It is clear from the stripping (CASSINIS et al., 1990) that the long wavelength (about
200 km) depends essentially on the Moho shape. When this preliminary interpretation was
made (1987) the hypothesis of the crustal overlap beneath the Insubric line seemed not justified
by the seismic evidence. Therefore the final interpretation (1990) assumed only a vertical
discontinuity. However the former solution seems now supported by the new (though not final)
interpretation of integrated DSS and NVR data along the EGT (fig. 4 b and 4 c¢)(GIESE and
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Fig. 2. Depth contours (in km) of the Moho boundary as interpreted after the results of the refraction-wide angie
(DSS) campaigns (GIESE etal., 1982) before EGT (Evropean Gectraverse). Solid lines: “European” crust. broken lines:
“Adnatic, Padan and Ligurian” crust.

EGT Working Group, priv. comm.. 1990, FREI et al., 1989). The vertical reflections
(migrated line drawing) kave been recorded along the Swiss (NFP 20) and Italian (CROP)
lines projected on the EGT profile. it must be considered that offset of several NVR lines, in
respect to the EGT profile, is as large as 30 lam or more.

Similarities with the western profile are remarked as far as the response of NVR is
concemed. The transition to the upper mantle is outlined on the “European” side by a thick
(>1 s TWT) group of events,southward dipping, that terminates abruptly beneasi the Pennidic
front, except a small group at the approximate depth of €5 km under the Austroalpine nappes.
The correlation of this group with the former reflections is debatable. However it is supported
by the refracted events along the EGT (ses later). While the intermediate crust is generally
“transparent”, the upper crust exhibits several events clearly describing the structure of the
Alpine nappes. Across the Insubric line the reflections become very poor at al! depths. Evenis
strongly dipping north (of uncertain meaning) are recorded in the depth range 20-50 km
beneath the Insubric line.

The interpretation of DSS along the EGT is based on time-distance curves obtained by
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four shot points (A, B, C, D). Therefore, unlikely in the western profile, detafled velocity
models were prepared like the one in fig. 4 b. Of course, the incertitude in phase correlation
(see on the top of the madel the time-distance curves available for the interpretation) allows
several equivalent solutions. In the proposed model the velocities complying with the ray-
tracing are shown. In some cases, as the very low velocities in the lower crust beneath the
Insubric line and northern Apennines, the values obtained seem questionable. Furthermore,
despite the multiple controls, some velocities remain apparent, like the one leading to the
interpretation of the northwards updipping “European” Moho under the Alps (Pn,). However
this profile can be considered as the more reliable seismic cross-section in the Alps. The wide
angle reflections and the refracted eveats define clearly enough the uplifting of the Moho
beneath the Po plain as well as the crustal overriding beneath the Insubric line. The velocity
structure here as well as below the northern apennines, shows a sharp lateral change both in
upper and in lower crust. The top of the metamorphic basement is known from the Agip deep
boreholes (CASSANO et al., 1986) and from the aeromagnetic anomalies in the Po valley
(CASSANO et al., 1990). Here the “seismic basemeat” (about 6,0 km/s) corresponds to the
top of the Mesozoic carbonatic sequence. From the edge of southern Alps northwards, the
deepest detachment surface of the Alpine nappes could correspond to the boundary with the
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velocity of about 6,2 km/s. However this is just one of the possible interpretations.

As far as the overall crustal structure is concerned the seismic model of fig. 4 b is very
similar to the gravity mode} of fig. 4 a as it was computed in 1987. This seems to be another
argument to prefer the hypothesis of crustal overriding and to explain a shortening of up to

80 km without involving the lithospheric “roots”.
Now the question arises about the cylindricity of structures. Ic the central sector the
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gravity modelling was also done along another profile (ROSSINI, 1988) 30 km east of EGT
(not shown). The changes in Bouguer anomalies can be justified by lateral variations in the
sedimentary cover as well by the shape of the metamorphic basement, while the same deep
crustal structure is maintained.

- A seismic fan was recorded in connection with EGT from shot point C, positioned at
the northern and of the lake of Como (SCARASCIA and MAISTRELLO, 1989). The receivers
were laid across the Insubric line 1 km east of the shot point (fig. 5). The mirror on the Moho
is supposed to be approximately at half distance between the shot and the receivers (about 60
km east of EGT). No jump or overriding is apparent along the record section and the wide angle
reflection from the bottom of the crust seems to plunge smoothly under the Alps. Therefore
the deep structure appears unlike than the along the EGT. However, it has to be remarked that
the resolving power of fans is poor; also the position of the shot (on the Insubric line) could
influence the raypaths. Nevertheless the possibility of a deep structural, lateral change can’t
be discarded and, therefore, the existence of fragments of mantle material deep than those of
Ivrea and of limited longitudinal extension becomes one of the targets of future investigations.

3-3) Eastern sector. This is the sector where the data are poorest. The seismic
exploration was performed here during a single phase (in the seventies). The information is
based mainly on four DSS profiles: ALP, Sud ALP (both longitudinal) and Vicenza-
Innsbruck, Trieste-Obersee (both crossing the Alpine belt fig. 6)(ITALIAN EXPLOSION
SEISMOLOGY GROUP and ETH, 1981). While the ime-distance curves are based only on
two distant reversed shots and, therefore, the cinematic control is rather poor, it can be said
that the date acquisition as well as the interpretation of the four profiles are fairly homoge-
neous. Digitalization of the analog traces and the ray-tracing technique of modelling have been
applied. The main result is the detection of two deep Moho-like discontinuities in a wide region
of the upper boundary is not less than 7,0 km/s. The lower boundary is continuous and very
clear, reaching its deepest point north of the Insubric line, in agreement with the gravity
minimum. However the nature of the complex transition is still debated also in this area
(flaking, overthrusting 7). The results of the delay time tomography (SPAKMAN, 1988) show
a positive velocity anomaly only in the depth interval 66-110 km, across and north of the
Insubric line, while in the interval 110-170 km (fig. 8) the positive anomaly is less than 1%.
Therefore the lithospberic Lid seems thinner than in the central sector. Crustal exploration,
sspecially in the upper crust, has a practical goal because of the high seismicity along the
margin of the southeastern Alps (Friuli). Near Gemona a plate of high P velocity (about 6,0
kro/s) less than 10 kmdeep, has been detected. The local Bouguer anomaly along the Trieste-
Obersee profile can be referred to this structure. Despite the scarcity of seismic data, some
attempts of gravity modelling have been published, as the one along the Vicenza-Innsbruck
profile TTALIAN EXPLOSION SEISMOLOGY GROUP and ETH, 1981). They support the
hypothesis of crustal “doubling”.

Granser et al. (1989) performed the spectral analysis of the Bouguer anomalies in the
eastern Alps, finding that the gravity field may beseparated into long and short wavelength
components, the former (longer than 80 km) being attributed to the alpine crustal thickening
and the latter correlating well with the surface geological units. The Moho relief was calculated
by inversion of the low frequency field; a good agreement was found with the seismicdata. The
residual field was used to derive by deconvolution the apparent densities of the upper crust,
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4 b. Integrated seismic interpretation along the same sector of fig. 4 2 The NVR (migrated line-drowning)
recorded by the Swissand Italian lines (see the position map of fig.
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finding a good agreement with the measured densities of the main outcropping geological
units. The density below the Moho was considered constant.

4) Critical points of the main geophysical methods

The results that have been summarized are based on non homogeneous, unevenly
distributed data. Some additional considerations must be done on the effectiveness of the main
geophysical methods that were employed so far.

The basic information available is still the one gathered by DSS profiles. It remains the
only mean to obtain coarse structural models based on seismic velocities. However the
constraints are severe. Some depend on the acquisition and processing procedures and may
be reduced by technical improvements. Namely: the decrease of the spacing between
seismometers: (it is now of about 1,5 km while in the first phase of the exploration it was of
about 5 km); the equipment, that must be gradually transformed from analog to digital; the
simultaneous recording of P and S waves; the generalized use of the ray-tracing programmes;
the constant but slow trend towards the analysis of the dynamic features of seismic traces and
the use of synthetics (up to now it was effectively employed only to discriminate the different
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type of events). One of the crucial limitations of DSS has been the quality and number of shot
points. The early results were often poor because of the use (for economic reasons) of quarry
blasts; very often the profiles were unreversed because the shot points were positioned offshore
.or in the Alpine lakes only at one end. But even reversed profiles with two end shots are not
sufficient. A multiple coverage, viewing the same section of the mirror or refractor from
different angles, is needed in order to obtain a better cinematic control.

Other constraints are intrinsic of the refraction-wide angle reflection technique and
can’t be avoided: the low geometrical resolution (low frequency content); the difficulty to
reckon the velocity in the lower crust and in the upper mantle; the interpretation of inversion
zones, and, in general, the poor capability to describe the lateral variations. Fans, other than
profiles, are a very concenienttechnique to follow a particular marker (the top of the basement
or the Moho). However, it is compulsory that they are tied to controlled profiles and that the
azimuthal effect as well as the depth changes are considered,

Onthe other hand NVR is not a cire-all but must be planned andcomplemented inevery
case by DSS. Despite of the high technology and the experience gathered in oil prospecting,
the adaptations of this techniques to deep surveys in non sedimentary formations needs further
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improvements. The problems range from the static corrections to the effect of stacking on
diffracted energy, to the migration (pre or post stack) and to the optimum spectral content of
the input signal. The structure of the Alpine range with its pile of “nappes” is one of the serious
obstacle to the penetration of high frequency waves and to the recording of coherent deep
reflections. Besides the shallow and intermediate formations also the type of the deep
transitions can be critical for the NVR response, as demonstrated by HIRN et al. (1987). The
need of combining single large shots and vibrators was also demonstrated. Nevertheless, NVR
was very effectual to describe the structure of the Alpine piles and good results were obtained
also from the lower crust.

As far as the lateral variations in the upper mantle, delay tomography is a very
promising approach to obtain a resolution better than that reached by the study of dispersion
of surface waves. Key points are the density of data, which is still uneven and inadequate, and
the accuracy of the corrections due to crustal structures.

The control by gravity modelling is very useful tool when the seismic models are
sufficiently reliable. So far the use of 3D modelling doesn’t seem justified because of the
scarcity of information on the lateral extension of structures. The choice of densities is fairly
possible for the upper crust but serious difficulties are met for the middle and lower crust. The
relationship between seismic velocity and density is another field of investigation that should
be developed together with the geophysical techniques.

Finally, aeromagnetic anomalies are also a very useful source of information for some
targets, like the detection of multiple sources (doubling of the magnetic basement) along the
south Alpine margin.

5) Answered and unanswered questions

Despite of the uncertainties some general remarks on the geophysical evidences can be
made. While common features are observed along the whole Alpine belt, other are peculiar
of each sector:

- The Moho discontinuity, although of complex structure, can be followed everywhere
under the orogeny. This evidence is supported especially by critical and supercritical
reflections.

- Its shape is asymmetrical, the interland slope being everywhere steeper than the
foreland slope.

- The evidence of an anomalous upper mantle is still not very clear; a thicker lithosphere
seems indicated by the results of passive seismology in a rather narrow area centered at the
northem and of the arc of the western Alps and beneath the southwestern Alps (fig. 8).

- On the inner side, the most striking difference between the western and the other
sectors is the evidence of high density material at shallow depth along the western Alps.
However, the combined gravity, reflection and refraction data are still unable to describe in
detail the geometry and the physical properties of the source of the anomaly.

An important question is know how and where the “body” terminates, especially
northwards. The clearest evidence of its end is still given by gravity.

- Crucial questions arose because of the answer, that seems contradictory, of the seismic
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exploration in the central sector, when trying to define the transition from the “Adriatic”
(Padan) and the “European” crust. It is clear that the transition is sharp and that the two crustal
types are different; therefore an overriding of the Padan crust over the “European” is favored.
but the amount of the overriding and the mechanism of the collision is uncertain. The NVR
results seem to support the hypothesis of a very wide zone of overthrust. But the behavior of
the wide angle reflection fan 60 km east of the EGT is still unexplained.

In the eastern sector the regional trend of Bouguer anomalies south of the Insubric line
is influenced by the crustal thinning that occurs between the Po and the Venetian plains.
However, the results of DSS profiles show a general structure of the Alps very similar to the
one of the central sector, but shifted to the north along the Giudicarie line.

In both central and eastern sectors, the “Adriatic” crust seems to thin while approach-
ing the Insubric line. Does it reveal a siripping mechanism similar to that of the “Ivrea tody”
but at greater depths?
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Fig. 7. Seismictomography of P wavesdelay. Velocity anomalies in the depth interval 110-170 km: positive
values are shown beneath purt of the Alpine range (max. +2,5%XSPAKMAN, 1989).

- As far as the upper crust under the Alpine beltis concemed, the answer has been very
poor until the advent of NVR. The early results of this technique demonstrate its higher
resolving power and the capacity to describe complex situations atdepths below 1 or 2 km. The
Alpine nappes have been followed for the first time at depth: more than one detachment surface
seem possible down to large depths ( 20 km?).
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STRUKTURA ALPINE. PERGJIGJA GJEOFIZIKE
PER PROBLEMET GJEOLOGJIKE

Roberto Cassinis Dipartimento di Scienza della terra, Miiano

Pas njé pérshknmi historik t£ studimeve t€ orogjenit Alpin jané renditur probiemet
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kryesore gjeologjike té shtruara para metodave gjeofizike. Pérshkruhet kompleksiteti i
problemeve té zgjidhura hap pas hapi me zhvillimin e teknikés sé rregjistrimit, pérpunimit dhe
interpretimit. Diskutohen modelet e pérshtatshme gjeofizike gé trajtojné tre sektor€ t& brezit
Alpin (peréndimor, gendror dhe lindor), ku jané kontraktuar studimet. Duke krahasuar
rezultatet e fituara né zona t€ ndryshme mund t¢ vihet né dukje se t& dh&nat jang& me cilési dhe
déndési jo homogjene.

Me gjithé kéto véshtirési mund & behen disa konkluzione pér strukturén dhe
evolucionin e Alpeve dhe mund t& shprehet qarté kontributi therelor i studimeve gjeofizike.
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NJE MODEL GJEOLOGO-GJEOFIZIK
PER OFIOLITET E MIRDITES QENDRORE

Lirim Hoxha Ndérmarrja Gjeofizike, Tirané
Salvator Bushati * “ “
Shpresa Dema ¢ “ “
Nehat Lika “ « “
Fatbardha Vingani “ “ “

Sig dihet, ofiolitet e Mirdités Qéndrore jané konsideruar me trashési mé té¢ madhe, si
pérshkak té pérfagésimit té ploté té tyre ashtu edhe si rezultat iteknikés shképutése-mbulesore

qé né kété rajon éshté e dokumentuar miré nga punimet e shumta té€ kérkimit e zbulimit pér
xeherorét e bakrit.
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Né pikpamjen gjeologjike, situata e Mirdités Qéndrore dhe e pjesés periferike
peréndimore té saj éshté rezultat i tektogjenezés (stadit) jurasik-kretak qé dallohet qarté me
mbizhvendosjen sinkrone té glgeroréve té triasikut té sipérm mbi flishet e jashtme jurasike-
kretake dhe té ofioliteve mbi gélgerorét e triasikut t& sipérm, me mbulesé pakon argjilite me
copa ose vullkanogjene sedimentare duke formuar amfibolite gjaté kétyre kontakteve; ndérsa
né bréndési té ofioliteve ngritjet dhe mbihedhjet e tyre me applituda 0,4 deri né 4 km. Kéto
mbizhvendosje né pérgjithési tregojné pér njé konvergjencé té pérgjithshme (njé teknotiké
shtypése) gjaté stadit té jurasikut té sipérm-kretakut té hershém.

Interpretimi gjeologjik i té dhénave gravimetrike tregon pér njé rritje té trashésisé té
ofioliteve né sektorin e Gziqit, dy ngushtime né Reps si dhe njé hollim té pérgjithshém té
trashésisé sé tyre né krahun peréndimor, drejt formacioneve flishoidale jurasiko - kretake té
zonave té jashtme.

Gjithashtu té dhénat gravimetrike dallojné rritjen e trashésisé sé ofioliteve si rrjedhojé
e tektonikés mbulesore.

Modeli i sugjeruar do té ndihmojé pér njé kuptim mé té miré t&¢ marrédhénieve té
ofioliteve me mjedisin rrethues edhe né pikpamjen praktike pér kérkim né bréndési té
ofioliteve dhe poshté tyre.

A GEOLOGICAL-GEOPHYSICAL MODEL FOR THE
OPHIOLITES OF CENTRAL MIRDITA

The Central Mirdita Ophiolites have been assumpted with greater thickness because
of both, their complete presentation and as a result of the disjunctive-thrust tectonics, which
have been well-studied, in this region due to intensive exploration works for copper ores.

From a geological point of view, the situation of Central Mirdita and of its western
peripheral part, is related to the Jurassic-Cretaceous tectogenesis. The last one is clearly
distinguished by syncrone displacement of the Upper Triassic limestones over the External
flysch of Jurassic-Cretaceous and of ophiolites over the Upper Triassic limestones. The cover
is presented here by argillaceous clastic pack or volcano-sedimentary series, with amphibolites
along the contacts. Within the ophilites the uplifts and over thrusts varies between 0,4 and 4
km. In general these overthrusts show for a general convergence (a compressive tectonics)
during the Upper Jurassic-hover Creraceous stage.

The geological interpretation of the gravity data show for an increasing of the ophiolite
thicknessin Gziqsector, two narrowing in Reps, as well as a general thinning in western side,
towards the Jurassic-Cretaceous flyschoidal formations of the External zones.

Gravity data also reflect the increasing of the ophiolites thickness due to thrust
tectonics.

The suggested model will help for a better understanding of the relationships of the
ophiolites with the surrounding environment even by practical point of view, for exploration
within and under the ophiolites.
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DISA TE DHENA GJEOLOGO-GJEOFIZIKE PER
SERPENTINITET SINRIFTORE PROFIOLITIKE TE
JURASIKUT TE SIPERM NE ALBANIDET E

BRENDSHME
Alaudin Kodra Ministria e Industrisé, Minierave dhe Energjetikés
Kadri Gjata Insituti i Projektimeve dhe Studimeve Gjeologjike, Tirané
Llambi Langora Ndérmarrja Gjeofizike, Tirané
Salvator Bushati " " "

Riftingu i kores kontinentale t&€ Albanideve t&€ brendshme gjaté Jurasikut ka parapriré
riftingun ogeanik Mirditor. Si rezultat i kétij procesi ka patur njé ndryshim té¢ menjéhershém
t& karakterit dhe llojit t¢ sedimentit, ku sedimentet karbonate e karbonato-silicore, triasiko-
jurasike ja léné vendin serisé vullkano-sedimentare té jurés sé sipérme. N& fazén sinriftore
zhvillohet njé magmatizém intensiv, preofiolitik, evidentimi i t cilit €shté me réndési kapitale
pér kuptimin me t& drejté t& gjitheé historisé tektono-sedimentare e magnetike té brezit
Dinarido-Albanido-Helenid, e mesdhetar alpin né térési.

Mendojm# se kemi t&€ b&jmé me njé veprimtari diapire-intruzive € serpentiniteve té
shogéruar me manifestime té kufizuara t&¢ gabrove, gabro-diabazeve, gabro-monzoniteve,
misuriteve etj. Takohen edhe lloje brekcoze me granat t€ rradhés almandine-pirop (formime
shpérthyese). N& mjaft raste dokumetohen marrédhénie normale té serpentiniteve me
karbonatet triastiko-jurasike si edhe me formacionin vullkano-sedimentar té jurasikut t&
sipérm. Jo rrallé serpentinitet kané natyré subvullkanike (pikritike) né trajté sillash midis
shkémbijve rrethues vullkaniko-sedimentare.

Serpentinitet sinriftore takohen né trajté trupash t& zgjatur deri né€ kilometra té téré, dhe
gjérési € kefizuar (20-50-100 m) me shtrirje pararlel me strukturat e zonés s¢ Mirdités dhe
paragiten né forma dajkore, thjerrzore, zinxhirore, sillore etj.

Punimet gjeofizike, veganarisht ato magnetometrike evidentojné mjaft miré pranioé e
kétij magnetizmi, duke i dalluar serpentinitet qartésisht nga mjediset sedimentare terigjene
e karbonatike, midis té cilave lokalizohen.

Késhtu, me mjaft interes paragiten anomalité magnetometrike qé pérftohen mbi
serpentinitet n€ Lanén e Lurés, né Drajé, né€ Malésin€ e Korabit (Bjeshka e Shehut, Stanet e
Preshit, Fusha e Panaireve, Fusha e Korabit, Piramida 2 etj)

PREOFIOLITIC SYNRIFT SERPENTINITES
IN INNER ALBANIDES

The rifting of continental crust of Inner Albanides, during the Jurassic, has preceded
the Mirdita’s oceanic rifting. As a result a rapid change of the character and type of
sedimentation has occurred, where the Triassic-Jurassic carbonate and carbonate-siliceous
sediments have been replaced by volcano-sedimentary series of Upper Jurassic. In the synrift
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stage an intensive preofiolitic magmatism has been developed, whose evidencing is of a great
importance to the rightist understanding of the tectonic, sedimentary and magmatic history
of the Dinarides-Albanides-Helenides belt.

We assume a development of the diapiric-intrusive activity of serpentinites associated
with limited presence of gabbros, gabbro-diabases, gabbro-montzonites, missourites, etc.
There have been also encountered breccia kinds with gamet of almandine-pyrope line
(explosive formations). Normal relationships between serpentinites and Triassic-Jurassic
carbonates as well as Upper Jurassic volcano-sedimentary formation, have been mapped in
many cases. Sometimes, the serpentinites have a subvolcanic nature (picrite), in a sill form
among the volcano-sedimentary surrounding rocks.

The synrift serpentinites occur in form of prolonged bodies for several kilometers and
limited thickness, of 20-50-100 m, with parallel strike with structures of the Mirdita zone.
They crop out as dykes, lenses, 1ings, sills, etc. The geophysical surveys, especially the
magnetic ones, clearly bear evidence the presence of this magnetism, discerning the
serpentinites from the terrigensous and carbonate sedimentary surrounding, among which
they occur. So, of great interest are presented the magnetic anomalies obtained over the synrift
serpentinites in Lene Lura, Drajé, Korabi Highland (Bjeshka e Shehut), Stanet e Preshit, Fusha
e Panaireve, Fusha e Korabit- Pyramid 2, etc.).

FUSHA MAGNETIKE NORMALE E TOKES NE
SHQIPERI DHE VARIACIONI I SAJ SHEKULLOR

Bejo Duka Fakulteti i Shkencave té Natyrés
Salvator Bushati Ndérmarrja Gjeofizike, Tirané

Eshté studiuar fusha magnetike e vrojtuar né 3 epoka: 1942, 1961, 1990. Jané gjetur
koefigientet (f , A, B) t€ zbérthimit té elementeve té fushés (H, Z, T, D) ré seiné (duke u ndalur
deri né rendin e I-1&, pér rajonin toné té€ vogél):

F=F_ +AD +BD
ku D e D jan€ ndryshimi i gjerésis€ dhe gjatésisé gjeografike nga stacioni bazé i matjeve
(TIRANA).

Eshté krahasuar fusha normale me fushén ndérkombétare referuese (I. G. R. F.), té
Hogaritur pér territorin e Shqipérisé né epokat 1945, 1960, 1990.

Eshté krahasuar fusha normale pér t€ tri epokat me njera tjetrén dhe éshté gjetur
variacioni shekullor i saj.

THE NORMAL MAGNETIC FIELD IN ALBANIA AND ITS
SECULAR VARIATION

The observed magnetic field has been thoroughly enduring three epochs: 1942, 1961
and 1990. Writing the series expansion of any geomagnetic field’s element (H, Z, T, D):
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F=F +AD+BD

(for our small region, the series stopped in first order), the F , A, B, coefficients are determined
for each epoch. (D; D - the differences of latitude and longitude from base station of
measurements (Tirana).

The normal field has been compared to the International Geomagnetic Reference Field
{I. G. R. F) during 1945, 1960, 1990 epochs.

The normal fields of these three epochs, have been compared with each other and she
secular variation has been found out.

DISA TE DHENA MBI NDERTIMIN GJEOLOGJIK
TE GROPES NEOGJENIKE TE BURRELIT
SIPAS SONDIMEVE ELEKTRIKE

Alfred Frashéri  Falmlteti i Gjeologjis€ dhe i Minierave
Vasillaq Leci “ o “
Adem Hyseni “ e e

Analizohen rezultatet e tre sondimeve elektrike t& vendosura népér njé profil g€ kalon
gjaté gropés neogjenike t&€ Burrelit. Rezulten g€ wrashésia e molasés neogjenike arrin rreth
1.500 m né pjesén géndrore t& gropés. Nén t€ shtrihet njé shtresé gjeoelektrike me rezistencé
elektrike specifike 220 Ohmm dhe trashési 1.900 m né fshatin Prosek, g& ndodhet prané buzés
veriore t€ gropés. Ky sondim ka arritur deri né thellési rreth 3.200 m dhe nga interpretimi i
lakores sé sondimit elektrik, nén ofiolitet shtrihet nj& shtresé me rezistencé elektrike specifike
100 Ohmm dhe trashési 500 m. Ajo shtrihet mbi shkémbinj me rezisteacé elektrike specifike
shume t€ lart€ 3.200 Ohmm. Nisur nga njé prej modeleve gjeologjike t& pranuar, nén ofiolitet
si variant pupe, propozojmé formacione vullkanc-sedimentare 4gé shtrihen mbi gélgerorét
triasike. Ky model pérputhet edhe me rezultate: e studimeve gravimetrike dhe té njé profili
sizmik.

BURRELI DEPRESSION ACCORDING
TO ELECTRICAL SCUNDING

The results of three electrical sounding (E. S.) placed through a transverse passing
along the Burreli Neogene Depression, are analyzed.

In the central part of this Depression the thickness of Neogene mo!lasses reach up to
1.500 m, results from E. S. data. Beneath molassss, a geoclectrical layer with resistivity of 220
Ohm and thickness of about 1.960 m has been defined in Prosek Village, which occurs near
the northern border of the Depression. This layer is identified with ophiolites of Mirdita zone.
According to the E. S. interpretation, beneath the ophiolites is present a layer with resistivity
of 100 Ohm and thickness of about of 500 m. This layer is placed over a resistive basement
of 3.200 Ohm.

Based on an accepted geological model, as a working variant we suggest the volcano-



45 First National on Geophysic in 2.lbania

sedimentary formation beneath ophiolites and cver the Triassic limestones. This model fits the
results of gravity and a seismic profile investigations.
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VECORI TE KERKIMEVE ELEKTROMETRIKE
TE VENDBURIMEVE TE BAKRIT
QE SHTRIHEN NEN SHKEMBINJTE
ME PERCJELLSHMERI ELEKTRIKE TE MIRE

Piro Leka Ndérmarrja Gjeofizike, Tirané
Lirim Hoxha “ “ “

Sami Nenaj “ “ “

Asllan Daci o a o

Piro Kalina “ “ “

Vendburimet sulfure né Albanidet e brendshme gjénden né komplekset ofiolitike dhe
né formimet periferike vullkanogjeno-sedimentare (ose sedimentare-vullkanogjeno) jura-
sike. Vendburimet sulfure né komplekset ofiolitike ndodhen kryesisht né formimet vullkan-
ogjene dhe mé pak né gabro-plagjiogranitet. Pérfagésohen nga xeheroré pirit-kalkopirit
(pirit-kalkopirit-sfaleriti) me teksture pikezimore-damore dhe masive, shpesh me kalime
graduale midis tyre. Né formimet vullkanogjene-sedimentare (sedimentare-vullkanogjene)
zhvillohen xeheroré masivé piriti-kalkopiriti me sasi & vogla sfaleriti.

Formimet vullkanogjene e vullkanogjene-sedimentare mbulohen nga pakoja argjilite
me copa, g ka rezistencé elektrike specifike t€ ulét, ose né disa rajone pér arsye tektonike
ndérthuren me té.

NE & gjitha kéto raste mjedisi gjeologjik éshté heterogjen-anizotrop dhe né pjesén e
sipérme té prerjes gjeologjike vendosen shkémbinj me percjellshméri elektrike t&€ miré, té cilét
jan€ ekrane pér rymén elektrike. Pér mjedhojé, pakésohet shumé déndésia e rymés elektrike
né thellési, anomalité béhen t&€ dobta dhe zvogélohet ndjesh€m thellésia e kerkimeve
elektrometrike.

Pér té rritur, né kéto raste, efektivitetin e kérkimeve elektrometrike, kryesisht rie
metodén e polarizimit té provokuar, studiuam tabloné e pérhapjes sé fushés elektrike anuvmale
t& polarizimit & provokuar me anén e modelimeve matematike dhe pérgjithésuarn rezultatet
¢ shumé eksperimenteve né terren.

Modelimi matematikor &shté realizuar me anén e metodés sé elementeve té€ fundém né
modele dydimensionale.

Nga ky studim kompleks rezulton se jané disa rrugé pér té siguruar efektivitet t€ miré
t& kérkimit:

- S& pari, t& perdoren skema té gjata ushqyese AB, rrymé polarizuese me intensitet té
madh dhe aparaturé matése me ndjeshméri té larté.

- Sé dyti, duke veguar dhe interpretuar anomalité e dobéta.

- S& treti, krahas me metodat elektrometrike t&€ pérdoren edhe gravimetria dhe
magnetometria.

Né kumtesé€ analizohen t€ pérgjithésuara edhe rezultatet e studimeve elektromeuike gé
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jané kryer mbi trupat xeheroré e zona té mineralizuara t€ njohura dhe rreth tyre, n€ disa
vendburime si né Perlat, Kaginar dhe né Rehové.

PECULIARITIES OF THE ELECTRICAL PROSPECTING OF
COPPER ORE DEPOSITS OVERLIES WITH ROCKS OF HIGH
CONDUCTIVITY

Sulphide deposits in Inner Albanides are located in the ophiolitic massifs and in their

surrounding periphery consisting of volcano-sedimentary formations of Jurassic.

~ In the ophiolitic massifs, the sulphide deposits occur mainly in the volcanogenic
formations and less in the gabbro plagiogranites. They consist of pyrite-chalcopyrite and
pyrite-chalcopyrite-sphalerite with disseminated-veinlet and massive texture, frequently with
gradation passages between them. A

In the volcano-sedimentary formations, the massive pyrite-chalcopyrite mineraliza-
tion with small quantities of sphalerite occurs.

The volcanogenic and volcano-sedimentary formations are overlies with detritus-
argillaceous sediments, which have a low resistivity, in some cases these formations are
intercalated and complicated by tectonic activity.

The geologic environment is heterogeneous-anisotropic in all the cases and the upper
part of its geologic section consists of rocks with high conductivity, respecting so screens for
electric current. Hence, the density of electric current becomes smaller at depth, the anomalies
become weak and the depth of electrical prospecting reduces considerably.

In these cases, to increase the effectiveness of the electrical prospecting, mainly of the
induced polarization method, we have studied the distribution of anomalous electric field of
the induced polarization by mathematical modelling and have generalized the results of many
experiments and field observations.

The mathematical modelling has been accomplished by means of finite elements in the
two-dimensional models.

It results from this study that there are some ways to ensure good prospecting
effectiveness.

- Firstly, the application of arrays, which allow great depth investigation, the use of
high power transmitters and of high sensitivity receivers.

- Secondly, the separation and interpretation of week anomalies.

- Thirdly, the application of the magnetic and gravity surveys parallel with electrical
prospecting.

In this paper the results of the electrical studies carried out over some know are bodies
and mineralized zones in some districts such as Perlati, Kaginari and Rehova are analysed and
generalized.
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PROBLEME TE KERKIMIT TE BAKRIT TE PASUR NE
FORMACIONIN VULLKANO-SEDIMENTAR ME
KOMPLEKSIN GJEOFIZIK RACIONAL"

Pérparim Alikaj  Fakulteti i Gjeologjisé dhe i Minierave
Engjéll Delaj Ndérmarrja Gjeofizike, Tirané

Kérkimi i bakrit t€ pasur né formacionin vullkano-sedimentar ka géné vazhdimisht
njé nga detyrat kryesore t€ shérbimit gjeofizik té vendit toné. Me gjithé véshtirésité g€ dalin
perpara kérkimeve gjeofizike, té cilat lidhen me ndértimin e komplikuar gjeologjik dhe me
kryerjen normale t€ vrojtimeve né kushtet e zhurmave industriale, vendburime & réndé-
sishém té tillé si Gjegjani, Palaj-Karma dhe Porave-Mllxska-Gergj kané né themel t€ tyre edhe
kontributin gjeofizik.

NE veganti, vendburimi i Palaj‘Kmmes, me vwhuresxtc e tij.té mohura ka shérbyer jo
vetém si tregues efektiviteti, por edhe si poligop natyror i pérzgjedhjes sé¢ kompleksit mé
racional gjeofizik. Metodat e polarizimit 1€ provokuar, fushés elektrike natyrore, rezistencés
elektrike dhe magnetometrisé luajné rolin kryesor ng keté kompleks. N& terren jo shumé €
thyer mund t& pérdoren me sukses gravimetria dhe metoda EM-TURAM.

Njé kompleksitet kaq i gjéré metodash diktohet nga fakti se t& marra né vegant, secila
metodé, pérveg anomalive xeherore, mund t& ﬁto_'e njé apo disa anomali t& lidhura me
“zhurmat” gjeologjike, apo me mineralizimin sulfur mjaft té shpérndarg. Kohét e fundit kétij
kompleksi i €shté shtuar edhe metoda e analizés spektrale (€ PP e cila jep informacionrin mbi
teksturén e mineralizimeve sulfure, apo diferencon xeherorét me teksturé masjvo-damarore

nga shkémbinjté ultrabazike.

PROBLEMS IN THE SEARCH FOR RICH COPPER ORE IN
VOLCANO-SEDIMENTARY SERIES THROUGH THE RATIONAL
GEOPHYSICALINTEGRATION

One of the nain tasks of the geophysical service of our country has continuously beent
the search for rich copper ores in the volcano-sedimentary formations.

In spite of the difficulties arising before the geophysical exploration, which are related
to the complicated geology and the industrial noises for the electrical measurements, 2 lot of
important copper deposits as Gjegjani, Palaj-Karma and Porave-Miliska-Géraj are based on
geophysical methods.

In particular, the Palaj-Karma ore deposit, with its known difficulties has served not
only as an effectiveness indicator, but as a natural test site also, where the most rational
geophysical integration was selected. The methods of induced polarization (IP), self-potential
(SP), apparent resistivity and magnetic play the first role in this integration. In a not relief the

-avity and TURAM (electromagnetic) may be successfully used.
Such a wide range out methods becomes necessary because in addition to the “ore”
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anomalies, every separate method may provide a lot of spurious anomalies, due to the
geological noises or scattered sulphide.

Recently, this integration has been comprising the method of Spectral IP, which
provides information in relation to the texture of sulphide mineralization or discriminates the
massive or veinlet sulphide ore bodies from polarizable ultrabasic rocks.

MBI ZHURMAT INDUSTRIALE DHE NDIKIMET
E TYRE NE VROJTIMET GJEOELEKTRIKE

Spartak Kasapi Ndérmarrja Gjeofizike, Tirané
Piro Leka Ndérmarrja Gjeofizike, Tirané
Thimi Nathanalili Ndérmarrja Gjeofizike, Tirané
Idriz Jata Ndérmarrja Gjeofizike, Tirané
Nustret Kastrati Ndérmarrja Gjeofizike, Tirané

Aktiviteti i punimeve minerale nxjerrése, i cili né vendin toné aktualisht &shté
zgjeruar sé tepérmi, éshté i Jidhur krahas llojeve té tjera t& burimeve té zhurmave ndikuese né
vrojtimet elektrometrike, dhe me burimin e zhurmave industriale t€ rrjedhura nga tokézimet
e pajisjeve elektrike né miniera. Njohja e nivelit & kétyre zhurmave si intensitet dhe e
frekuencés sé tyre, lidhja e karaktetistikave té tyre me llojet e ndryshme té burimeve si edhe
njohja e shpé€mdarjes sé tyre (e lidhur kjo me vendndodhjen e minierave) éshté kusht pér
pércaktimin e masave % nevojshme pér eliminimin e ndikimeve ¢ tyre né té dhénat e
vrojtimeve elektrike. Shmangia e ploté¢ e ndikimit &hté¢ e pamundur, por eksperienca e
punimeve tona dhe té dhénat e literaturés lejojné disa mundési pér té pérftuar sinjal elektrik
sa mé té liré nga zhurmat. Zgjedhja e shesheve me nivel sa mé té ulét zhurmash ndér sheshet
e parashikuar pér punime komplekse éshté njé nga kéto mundési. Rruga e dyté éshté zgjedhja
e metodave elektrike dhe e varianteve té tyre sipas kushteve t& ndértimit gjeologjik, metoda
e variante té cilat lejojné kryerje vrojtimesh edhe né kushte t& veganta zhurmash (Turam, PP
frekuenciale, Metodat induktive etj.) Me kété rrugé éshté i lidhur edhe vrojtimi i pérbershém
izhurmave dhe kryerja e vrojtimeve né kushtet e mungesés sé tyre. Mundésia e treté lidhet me
permirésimin elektronik t€ instrumentave marrés népérmjet filtrave té llojeve t&€ ndryshme
(sipas karakteristikave t& zhurmave) dhe integrimit té disahershém, si edhe me pérdorimin e
instrumentave t€ cilét mund t€ detektojné sinjalin e déshiruar edhe kur raporti sinjal-zhurmé
éshté mé i vogél se njé.

ON THE INDUSTRIAL NOISES AND THEIR INFLUENCE
ON THE GEOELECTRICAL DATA

The mining exploitation activity in our country is considerably increasing at present.
This activity is associated with the source of the industrial noise caused by the grounding of



the electric equipments in mines. This kind of source is one of many other noise sources (such
as lightning, telluric currents, power lines, radloﬁequencnes. pxpes and fences etc.), which
affect the geoelectrical data and in most cases do not allow to obtain reliable measurements.
The knowledge of their magnitude and frequency. attribution of their charact.rxsncs to various
kinds of sources and the knowledge of their distribution (related to the mine locations) is the
first condition in determining the necessary steps to avoid the noise influence on the electrical
survey data. Their complete removal is impossible, but our experience and the results
publlshed in the geophysxcal literature create some possxbxlmes to obtain noise-free electric
signals. The choice of areas with noise level as low as possxblc among the predicted regions
to be explorated with integrated geophysics is one of the these possibilities. The second way
is the application of the electrical methods and their modifications, which allow surveys in
some noisy conditions to be carried out (frequency-domain IP, TURAM, inductive methods
etc.). The permanent detection of the noise and surveys in free-noise conditions is here
included. The third possibility consists in the electronic improvements of the receivers through
the various filters (according to the characteristics of the noise), several integrations of the
received signal and synchronized crystal clocks, as well as through the increase of the
transmitter power. There exist some instruments that can detect the desirable signal even in
the condition of the signal-to-noise ratio less than one.

PERDORIMI 1 FUNKSIONEVE HYRJE-DALJE
ME SHUARJE TE SHPEJTE NE METODEN
E KATROREVE ME TE VEGJEL
PER GJENERIMIN E FILTRAVE LINEARE

Nehat Likaj Ndermarrja Gjeofi znke, Tirané
Fatmir Duli "

Teknika e filtrit linear ka gjetur njé pérdorim t& gjeré né zgjidhjen e detyrés sé drejté
té problemeve té& elektrometrisé. Q& nga pérdorimi i paré i saj nga Ghosh ajo éshté pérdorur
€ pérmirésuar nga shumé autoré.

Pérgjithésisht pér gjenerimin e filtrave linear pérdoren dy teknika: ajo e katroréve mé
1€ vegjél dhe ajo e transformimit Furier, secila me pérparési specifike karshi tjetrés. Té dy
teknikat mbéshteten né€ trajtime numerike t& njé ¢ifti konkret hyrje-dalje gé kénaq integralin
kompozues té filtrit. E para, e zgjidh né sensin e katroréve mé t€ vegjél problemin e prerjes
sé& bishtave anésore t& filtrit, gj€ g¢ &shté veganérisht e rendésishme né ndértimin e filtrave t&
shkurtér, ndérsa e dyta, ka pérparésiné e mundésisé s€ pérdorimit t& funksioneve hyrje-dalje
me shuarje té shpejta.

Jané realizuar dy avancime t€ rendésishme t€ metodés s€ katroréve mé té vegjél. E para,
gendron né optimizimin e hapit t& kampionimit dhe ¢vendosjes midis kampionimeve t&
funksionit t&€ hyrjes ndaj atij dalés (Guptsarma, 1982). Kjo éshté pérdorur kryesisht pér filtrat
e shkurtér. E dyta, ka té bé&jé me prodhimin e filtrave té gjaté e me hap kampionimi t€ vogél,
duke pérdorur iteracionin e teknikés sé€ katroréve mé t€ vegjél (Murakami dhe Uchida, 1982).
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Saktésia-e filtrit 1€ prodhuar, pérveg metodés sé pérdorur, varet ndjeshém nga gifti
konkret hyrje-dalje i pérdorur né ndértimin e tij. Pérdorimi i gifteve me shuarje té shpejté né
teknikén e katroréve é té vegjél ka ndeshur né véshtirési numerike dhe nuk ka dhéné rezultate
té¢ kénagshme, mbasi koeficientet e filtrit varen né m&nyré kritike nga zona e zgjedhur pér
kampionimin e funksioneve hyrje-dalje dhe né rastin e filirave & gjaté (me hap kampionimi
té vogél) ata bazohen né numra mjaft t& vegjél. '

Véshtirésité numerike t¢ mésipérme kapércehen duke modifikuar algoritmin e ka-
troréve mé té vegjél. Modifikimi gendron né minimizimin e shmangies integrale né vend t&
asaj digitale. Pér pasojé, né vend té funksioneve digitale korrelative, llogariten ato analoge,
té cilét shprehen né forina t€ mbyllura me ané té funksioneve speciale.

Mbésktetur né kété modifikimsi dhe né dy avancimet e pérdorura me lart u ndértua njé
program i vetém, g€ gjeneron filtra linearé Jo dhe J1, t€ ¢farédo lloj gjatésie. Rezultatet e
pérftuara u krahasuan me filtrat me t€ mir€ t€ botuar dhe u arrit pérfundimi se modifikimi i
mésipérm né pérgjithési shpie né filtra mé té sakté.

THE USAGE OF RAPIDLY DECREASING INPUT AND OUTPUT
FICTIONS IN THE LEAST SQUARES METHOD TO THE
GENERATION OF LINEAR FILTERS

The techniques of linear filter has found an ample usage in solution of direct problems
of the electrical prospecting. Since from its first application by Ghosh, it have been used and
improved by many authors.

In general, for their generations, two method are used: least-squares and Fourier
transform, each one owning its specific advantages against to the other. Both methods are
based in numerical treatments of a concretes input and output function pairs, which satisfies
the convolution integral of the filter. The frurtation problem of the filter’s toils as regards the
first method, is solved in least-squares sense, which is particularly important to the construc-
tion of short filters, while the second method has the priority of usage possibility of the input-
output functions of rapidly decreasing.

Two important advancements of the least-squares method have been created. The first
one consisis in the organization of the sampling step and the shift between the sampling of the
input function against the output one (Guptasarma, 1982). This is mainly used for short filters.
The second one deals with the production of long filters with high rate sampling, using the
iteration of the least-squares method (Murakami and Uchida, 1982).

The accuracy of the prodyced filter, besides the used method, sensibly depends on
concrete input-output pair, used in its construction. The usage of rapidly decrsasing pairs in
the least-squares method has encountered in numerical difTiculties and does not provided good
results, because the filter’s coefficieats should be critically depended on the region chosen for
sampling of input-output functions and in cases of long filters (with high rate sampling), those
should be based on unpractical small numbers.

The upper mentioned numerical ditficulties are overcame modifying the least-squares
algorithm. The modification consist on the minimization of the integral deviation instead of
the digital one. As a result, instead of the correlative digital functions, the analogue ones were
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calculated, which through the special functions are expressed in closed forms.

Based on this modification as well as in two upper mentioned advancements an unique
program was compiled, which generates linear filters Jo and J1, of any length. The obtained
results were compared with the best published filters and the conclusion that upper mentioned
modification in general leads to more accurate filters, was inferred.
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PERCAKTIMI GAMA-SPEKTROMETRIK
I U, Ra, Th, K DHE DISA ZBATIME GJEOKIMIKE

Anastas Dodona Ndérmarrja Gjeofizike, Tirané
Artan Tashko Fakulteti i Gjeologjisé dhe i Minierave

Trajtohet metoda gama-spektrometrike e pércaktimit té elementeve radioaktivé naty-
roré me njé analizator katér kanalésh me detektor Nal (TI) : (103 cm?).

Aparatura éshté pérshtatur pér kondita laboratorike pér analizén e provave gjeologo-
radiometrike dhe gjeokimike, té bluara me volum 200 cm®, duke analizuar dhe marré parasysh
faktorét gé ndikojné né matje pér pércaktime té rendit deri disa ppm té U dhe Th dhe rreth 1
% té K. Krahas, jepet kalibrimi i sistemit analizator gama-spektrometrik si edhe pércaktimi
i parametrave té etalonit me mostra etalone me pérmbaitje té njohur U, Ra, Th, K, etj. Me té
dhénat kalibruese dhe etalonuese ndértohet programi i 1logaritjes sé rezultateve pér pércaktimet
vegmas té radioelementeye té sipér treguar.

Trajtohen rezultatet e pérftuara pér njé grup provash shkémbore si dhe cilésia e
analizimit me metodén statistikore. Jepen njé séré parametrash radiometriké raportet izotopike
ndérmjet U, Th, K dhe bashkélidhje elementesh té dobishme, (TR) dhe disa zbatime
gjeokimike.
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GAMA-SPECTROMETRIC DETERMINATION OF K, Th, U, Ra
AND SOME GEOCHEMICAL APPLICATIONS

The gamma-spectrometric method realizes the separate determination of U (Ra), Th
andK. In laboratory conditions has been reached thie determination of U (Ra). The beginning
from the content 2 ppm and from 1% for K. For this purpose it hasbeen used the 1 and 4 channel
gamma-spectrometric analyzer with Nal (Ti) scintillation counter crystal detector of a 103 cm
{0,50 x 50 mm). The arrangement for laboratory conditions has for a measurement geoinetry
with a vessel of “marinali” type of 200 cm volume. The study of main factors which influence
in the gamma spectrometric measurements, name the technical, physical, geometrical and
time parameters has been carried out. Calibration has been made with radioactive patterns
prepared from natural samples which have been chemically analysed before (fig. 1, 2).
Through this method the contents of U, Th, K in some magnetic rocks of Albania have been
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determined. Based on the contents of this elements, Th/U ratio and their dependecery by the
are defined the ophiolitic rocks of mantle tholeitic series, the middle acid and rocks of the
Korab, Gash, Mirdita zones, as ignimbrites, granodiorites and Levrushku granites of
calciumic alkaline series and, at last, Korabi montzonites and Fierza granites of alkaline
series. The bimode character of Th/U scattering in ignimbrites and linear belt of bilogarythmic
diagram of U/K-TWU show that in audition to the “normal” ignimbrites there are some ones

enriched with Th or U. The enrichment is presented also to the Th/U scattering histogramin
manzonites. Among the nonradioactive minerals where the study of Th, U, K, may serve as
a geochemical exploration criterium, in addition to phosphorites etc, there are as well these
of TR (rare earth) in tracheitis.

The sun of TR has a direct dependency by the contents of the Th and an inverse one
by K and U, which indicates for a migration of these two elements during the mineral forming
process. This is clearly proved by confrontation of both, the measured data of the TR sum and
those predicted by regress a equation

TR = 288,462 + 12,05.Th - 12,82.U - 21,86.K

The second scattering of Th contents is related with this kind of mineralization. Some
preliminary data show for the necessity of the study of Th, K, U with gamma spectrometry in
the primary geochemical halo of the sulphide mineralization.

ZBATIMI I METODAVE GJOFIZIKE PER
KERKIM-ZBULIMIN E FOSFORITEVE

Afat Serjani Insituti i Studimeve dhe i Projektimeve Gjeologjike, Tirané
Ferdinand Dafa  Ndérmarrja Gjeofizike, Tirané

Pérdorimi i kompleksitetit té metodave radioaktive né kérkim-zbulimin edhe vle-
résimin e fosforiteve ka zgjidhur disa detyra. Né aspektin teorik, jané realizuar zgjidhje teorike
pér karakteristika t€ veganta té mineralizimit uranofosfatik me shpérndarje jo t& njétrajtshme
té pérbérsve té dobishém.

Jané kryer njé séré modelesh fiziko-gjeologjike né mjedise gjeologjik krejtésisht t&
njohur dhe jan€ pércaktuar varésité parametrike ndérmjet U, P,O, dbe I. jané pércakwar
koeficientét e llogaritjes “Ko” dhe “F” mjaft t¢ domsdoshém gjaté interpretimeve sasiore pér
pércaktimin e pérmbajtjes sé pérbérsave & dobishém U dhe P,0, né mineral.

Né aspektin praktik jané pérvijuar horizontet mineralmbajtése uranofosfatike, né
veganti té tipit t& carjeve dhe jané pércaktuar pérmasat e tyre dhe pérmbaijtia e pérbérsve té
odryshém n€ disa vendburime dhe né objekte té pérgatitur.

Eshté pérpunuar metodika e studimeve radiometrike o€ teren, e provimit dhe e
dokumentimeve té punimeve minerare dhe t& shpimeve.

Népérmjet rrozave t& garjeve dhe té mineralizimit jané pércakiuar dy sisteme kryesore
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carjesh me t& cilatlidhet miperalizimi.
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ROSES CF DIRECTIONS OF FISIURES(a) AND MINERALIZATION (%)
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APPLICATION OF GEOPHYSICALMETHODS
INTHESEARCHFOR PHOSPHORITES

The application of the radiometric integrated methods in the search for phosphorites
and their evaluation has been consisted in:

A. In the theoretical aspect, theoretical solutions for particular characteristics of the ore
components, have beencarried out.

A series of physical-geological models have been conducted in know geological
surroundings and parametric dependencies among U, P,0, and 1 has been defined as well.
There have been determined the coefficients of calculation “Ko” and “F”, very necessary
during the quantitative interpretations for determination of the ore components U and P,0,
in mineral. _

B. In practical aspect the uranium-phosphatic mineral bearing horizons have been
delineated, especially those of joint type, so their dimensions and their dimeasions and their
ore component grade have been carried out in some ore and prepared objects.

The field procedure of radiometric investigations and the testing and documentation
procedures in the mine works and drill holes, have been elaborated.

Through the joint roses there have been determined two main jointing systems which with
the mineralization have been linked to. .

RRETH SAKTESISE SE PERCAKTIMIT TE MAGNETIZIMIT TE
' KROMITEVE DHE SHKEMBINJVE ULTRABAZIKE NGA
KUSHTET E MATJES ME MAGNETOMETRIN ASTATIK LAM-24

Irena Islami Fakulteti i Gjeologjisé dhe i Minierave

- Kétu trajtohen rezultatet e studimit t€ problemit té ndikimit té form&s dhe parmasave
t€ kampioneve né rezultatet ¢ matjeve t€ vetive magnetike t& mineraleve dhe shk€mbinjve té
pércaktuara me anén e magnetomeirit LAM-24. Problemi paraget interes pér rmmitjen e saktgsisé
sé percaktimeve Q¢ ¢on né ngritjen cilésore té nivelit té interpretimit t& rezultateve té
vrojtimeve magnetometrike pasi zgjidh edhe disa probleme gé lidhen me magpetizimin e
kromiteve dhe té shkémbinjve ultrabazike.

Si rezultat i kétij studimi u arrit n€ kéto pérfundime:

1. Pér t€ pasur vlera t€ sakta t& parametrave magnetike kampionet duhet t€ jen€ me
formé t€ rregullt, pra duhet t& priten pérpara se t€ gohen pér matje né laboratorin LAM-24. Pér
dunitet dhe peridotitet gabimi i shkaktuar nga parregullsia e formés Zshté 10-20%, ndérsa pér
kromitet me vlera té larta t¢ magnetizimit mbetgs (Ir), ky gabim eshté i madh.

2. Largésia mé e mir€ e vendosjes sé kampionit nga magnetet éshté intervali 2,5-3,5
D, ku D éshté diametri i kampionit.

3. Gabimi gqé béhet nga ményra e vendosjes se kampionit né mbajtése &shté i
papérfillshém pér dunitet dhe peridotitet, si kur ato jan# me formé t& rregullt ashtu dhe kur
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ato jané me formé t& parregullt, por béhet i ndjeshém kur kané magitetizitn'mbe s & 14rts:

4. Pér kampionet me vlera t& larta té magnetizimit mbetés me aparaturén g€ disponojmé
nuk mund té pércaktohet né ményré té sakté vlera e magnetizimit t¢ induktuar (L), prandij
rekomandohet g€ gjaté interpretimeve ky fakt té kihet miré parasysh dhe késhillohet gé né kéto
raste t€ punohet né vlerat e Ir.

ABOUT THE ACCURACY OF DETERMINATION OF THE
CHROMITE AND ULTRABASIC MAGNETIZATION BASED ON
MEASUREMENT CONDITION WITH ASTATIC
MAGNETOMETER

Here are treated the investigation data of the problem of sample shape and dimension
influence to the results of magnetic property of measurements of minerals and rocks,
determined through the astatic magnetometer LAM-24. This problem presents interest to the
increasing of measurement accuracy, which leads to the qualitative increasing of the
interpretation of magnetic surveys. Its solution elucidates, also some questions linked to the
magnetization of chromites and ultrabasic rocks. As a result of this study the following
conclusions were drawn:

1. To provide acturate values of magnetic parameters the samples should have aregular
shape, so they must be sawed before their sending for measurement in the laboratory of LAM-
24. For dunites and peridotites the error due tothe shape irregularity is from 10 to 20% while for
chromites, which present a high values of remanent magnetization (Ir), this error is much more
greater.
2. The best distance of sample placing from the magnets vary from 2,5 to 3,5 D, where
D is the diameter of sample.

3. The error due to the manner of sample placing in the support is negligible for dunites
and peridotites, irrespective of shape’s irregularity, but the situation changes in cases where
they have intense rermanent magnetization.

4. For samples with high values of remancnt magnetization (Ir) with available
instrument, the values of induced magnetization (li) can not be accurately determined, so we
are recommend that during interpretations this fact must be considered. In this cases we
suggest to be operated with Ir values.

NJE ALGORITEM PER INTERPRETIMIN SASIOR TE
LAKOREVE TE SONDIMEVE ELEKTRIKE
TE POLARIZIMIT TE PROVOKUAR

Entel Xinxo Student i vitit té katért té degés Gjeofizike
Fakulteti i Gjeologjisé dhe i Minierave

Jepet njé algoritém pér € pércakwar thellésiné e trupit xeheror gé shkakton
anomaling e Polarizimit t&€ Provokuar, i cili mb&shtetet né vlerésimin e kordinatave t€ pikés
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sé infleksionit t& lakores sé SE t& PP.

AN ALGORITHM FOR QUANTITATIVE INTERPRETATION OF
THE IP ELECTRICAL SOUNDING CURVES

The paper presents an algorithm for determination of the depth of ore body which
causcs the [P anomaly. This algorithm in based on determination of the inflexion point of the
IP electrical sounding.

RRETH GJENDJES SE SOTME TE ZHVILLIMIT TE
METODAVE GJEOFIZIKE NE KERKIMIN E
XEHEROREVE TE BAKRIT NE VENDIN TONE DHE
DISA PROBLEME QE SHTROHEN PER ZGJIDHJE

Radium Avxhiu Ndermarrja Gjeofizike, Tirané
Asim Zajmi " "

Né kérkimin e mineraleve t& bakrit kompleksi i metodave gjeologo-gjeofizike dhe
gjeokimike &shté pérshtatur sipas kushteve t€ ndértimit gjeologjik t& mjediseve perspektive
bakérbartése.

Rezul:ate € mira jan€ armritur né mijediset e shkémbinjve vullkanogjene t€ zonés .
Mirdita, ku edhe kompleksi i metodave t€ pérdorura €shté mé i thjeshté: rilevim gjeologjik i
shogéruar me até elektrometrik, kryesisht me anén e metodés sé polarizimit t& provokuar dhe
studimi i pérhapjes s€ aureolés gjeokimike dytésore t€ bakrit né dhera dhe asaj parésore
né shkémbin,.

Metoda e polarizimit t€ provokuar merr pérparési né két€¢ kompleks mbasi minera-
lizimi né pérgjithési pérfagésohet nga zona té mineralizuara me pérmasa té médha dhe me
aftési t€ larta pér t'u polarizuar. Fakti g€, né t& shumtén e rasteve, zonat e mineralizuara
zhvishen né sipérfaqe ose mbulohen nga depozitimet eluvialo-deluviale me trashési t& vogél,
pérhapje t€ gjéré marrin edhe aureolat gjeckimike t€ bakrit.

Té dhénat e metodés sé polarizimit té provokuar, por edhe medodat e rezistencés sé
dukshme, € metodés TURAM, & fushés elektrike natyrore, magnetometrike etj., si edhe ato
t& gjeokimisé kané dhéné ndihmesé té miré né kérkim-zbulimin e vendburimeve t& Qaf Barit,
t& Palucés, té Lakut & Roshit, t& Perlatit etj.

ME & paks kaoé qené rezultatet € pjesét periferike t€ ofioliteve, né mjediset e
shkémbinjve vullkano-sedimentare. Né kéto mjedlse problemi i kérkimit éshté mé i véshtiré,
mbasi ndértimi gjeologjlk éshté i komplikuar, anomalité e PP jané mé pak intensive, mbasi .
né pérgjith&si mungojn€ aureolat ¢ mineralizuara, pra mungOJne edhe anomalité gjeokimike.
Veg kiétyre, meqg seria vullkano-sedimentare kontakton kudo né njérin, ose né té dy krahét me
shkémbinjte altramafikg, gjenerohen anomali t& fugishme t& kontaktit, q& sipérvendosen mbi
ato xeherore,
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Pra, nése né mjediset vullkanogjene problemi kryesoréshté vegimi i anomalive g& lidben
me trupat minerale t€ koncentruara nga ato t& zonave t€ mineralizuara, ose kérkimi i trupave
xeherore nén mbulesén e pakos argjilite me copa, ecila e karezistencén elektrike specifike té ulét,
véshtirésité mé t& médha hasen né mjediset vullkano-sedimentare, ku edhe efektiviteti ikérkimeve
komplekse ka gen€ mé
' Deshifrimin ¢ anomalive té pérbéra té kontaktit e shohim né rrugén
spekurale t€ informacionit t€ regjistruar dhe studimit t& parametrave spektrale t&

PP. Ai do t& ge njé ndihmesé e madhe né kérkimin e

Ményra mé e miré sot pér sot mbetet kombinimi i metodave té gjeofizikés si-
pérfagésore elektronike, magnetometrike dhe gravimetrike me ato néntokésore, PP e
té shpimit. magnetometria vektoriale dhe ndrigimi me radiovalé né bashkési me studimin
atireolave gjeokimine parésore nép&rmjet kampioneve té nxjerranga

ABOUT THE PRESENT STATE OF THE DEVELOPMENT OF THE
GEOPHYSICAL METHODS IN SEARCH FOR COPPER ORES IN
OUR COUNTRY AND SOME PROBLEMS TO BE SOLVED

In search for copper minerals the integrated geological, geophysical and geochemical
methods have been adapted to the geologic conditions of the perspective copper-bearing
environmeats. The best results have been achieved in the environments of the volcanogenic
rocks of the Mirdita zone where the applied integrated methods are simpler: geological ’
mapping, induced polarization (IP) survey and mthngauon of the distribution of the
geochemical secondary halo of the copper in soil and the primary halo in rocks. The most
important is considered the IP method, as the mineralization is generally represented by
sulphide zones of great dimensions and high polarizability. As in most cases these mineralized
zones are autoropped or are covered by the cverburden of small thickness, and a geochermcal
sarvey on this overburdenreveals that a widedistribution of the copper halo might be expected.

The resistivity and [P data, as well as SP, TURAM, magnetic and geochemical data
have given a vaiuable contribution to the exploration of the important copper deposits in Qaf
Bari. Paluca, Laku i Roshit, Perlati etc.

Not so good results have been obtained in the peripherical parts of the ophiolites in the
environmeats of the volcano-sedimentaryrocks. In these environments the searching problem
is more difficult, as the geologic situation is more complicated, the IP anomalies are less
intensive (sulphide halos are generaliy not present), no geochemical anomalies are obtained.
Another difficulty is related to the intensive anomalies generated by the wnt.acts of the
volcano-sedimentary “series with the ultramafic focks which- are §upemﬁposed on' the
anomalies due to the ore bodies.

Since the main problems in the volcanogenic environmeats are the discrimination
between the anomalies connected with the rich ore bodies from these of the noneconomic
sulphide zores, or the search for targets under a thick overburden of low resistivity (sock as
detritus argillaccous pack). the real difficulties are encountered in the volcano-sedimentary
environments, where the affections hias"been lower.-The separation:of the coropound contact
anomalies by means of the spectral analysis of the recorded informatior aad the study of the
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Spectral [P parameters of the decay curves, would be a great contribution in searching for the
ore bodies.

At present, the best solution remains the integration of the surface geophysical
(electrical, magnetic and gravity) methods and underground ones such as bore-hore [P, down-
hole three-component magnetic, radiowave shadow method associated with the investigation
of the primary geochemical halo of the samples taken out from the drill-holes.

STUDIM MBI ASPEKTET FIZIKE TE DUKURISE SE
POLARIZIMIT TE PROVOKUAR SPEKTRAL

Pérparim Alikaj ¥akulteti i Gjeologjisé dhe i Minierave

Megjithése né aspektin matematik, sot né boté, fenomeni i Polarizmit t& Provokuar
Spektral ka gjetur njé mbéshtetje t& kénaqshme si né fuskén e frekuencave ashtu edbe oé fushén
¢ kohés, né aspektin fizik ai ka mbetur i paspjeguar.

CilaZsht2 arsyeja fizike e varésisé sé rezistencés komplekse, apo ¢ lakores sé shuarjes
sé PP nga madhésia e diamemit té kokrmizave metalore né shkémb? Pérse teksturat masivo-
damarore t& xcheroréve metaloré karakterizohen nga vlera té larta t€ konstantes s& kohés
sé shuarjes, ndérsa ato me pikézime nga vlera té ulta? Duke gjetur shkaget fizike & kétij
fenomeni mund t'u jepet pérgjigie edhe pyetjeve té€ tilla me karakter praktik té kérkimeve
elektrometrike si: a varen parametrat spekiralé t€ PP nga lloji i skemés sé pérdorur, pérmasat
e saj, rryma e polarizimit etj.

Studimi i paraqitur éshté keyer né laborator duke vrojtuar sjelljen e parametrave
spektralé té PP né fushén e kohés, né kampioné xeherorésh sulfuré me tekstura té adryshme,
lloje e dimeasione skemash t€ ndryshme, éshté studiuar varésia e parametrave spektralé té PP
nga koha e vendosjes sé kontaktit metal-elektrolit etj. Mbi bazén e kétyre t& dhénave paragitet
edhe modeli elektrometrik qé spjegon dukuriné e PP spektrale dhe hedh drité né pérgjithési
mbi natyrén e PP me kontaktin metal-elektrolit.

Njohjae aspekteve fizike t& PP spektrale hap perspektivén e pérdorimit mé té thelluar
e mé racional té késaj metcde pér diskriminimin teksturor té eksituesve té PP. Nga ana tjetér,
ajo do t’i shérbejé edhe thellimit t€ trajtimit t¢ modslit matematik té€ metodés s¢ PP né
pérgjithési dhe asaj PP spekirale n& veganti.

ASTUDY ON THE PHYSICAL ASPECTS OF
THE SPECTRAL INDUCED POLARIZATION PHENOMENON

Although on mathematical aspect the Spectral Induced Polarization phenomenon has
provided a successful basis, both in frequency domain as well as in time domain, on physical
aspects it have remained unexplained.

Which is the physical reason of the variations of the complex resistivity of the IP decay
curve as 3 function of grain size of metallic minerals? Why massive or veinlet textures of these
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minerals a: ¢ characterized by long time constant, while those of discrete dissemination by short
one? Recognizing the physical reasoa of this phenomenon one may give the answer to such
practical questions of electrical prospectirg as, do the spectral [P para:neters depend oa kind
of array, on its dimensions on polarizing current, etc.?

. The presented study has been carried out in the laboratory, observing the behavior of
Time Domain spectral IP parameters in sulphide ore samples of diffcrent textures, as well as
in 2D and 3D physical modeiling. There have been used ditferent polarisable objects, different
primary field intensities, different measuring arrays, it has been studied the dependence of
spectral [P parameters on the time of setting of metal-electrolyte interface, etc. Based on these
data, the electrochemical model. which explains the spectral [P phenomenon and is general
elucidates the behavior of IP, in metal-clectrolyte interface, is presented.

The recognition of physical aspects of spectral IP opens the perspective to a better and
more rational application of this method in texture discrimination of IP sources. By the other
hand, it will scrve to improve the mathematical treatments of IP and spectral IP methods.

ARRITJE NE PERDORIMIN E KOMPLEKSIT
TE METODAVE GJEOFIZIKE PER KERKIMIN
E MINERALIZIMIT TE KROMIT DHE
PROBLEMATIKA PER TE ARDHMEN

Llambi Langora Ndérmarrja Gjeofizike, Tirané
Xhelal Sharra “ “ “
Fatmir Dulu “ “ “
Llesh Prenga “ “ “
Péllumb Karc¢anaj “ “ “
Alma Rrénja “ “ “
Arben Lulo “ “ “

Né pérpjekje me véshtirési objektive t& shprehura né uniformitetin relativ petrofizik,
pérmasat e trupave, ndikimin e reliefit etj. punimet komplekse pér kérkimin e mineralit t&
kromit jané& zhvilluar si rrjedhojé e njé pune shumé vjegare e kémbéngulése.

Vendburimet e kromit gjenden né masivet ultramafike, t cilat jané pjesé e ofioliteve
qé lokalizohen né Albanidet e brendshme. Pérqéndrimet e kromit gjénden né sasi & shumté,
kryesisht né€ masivet e brezit lindor, duke dhéné pérqéndrime té réndésishme industriale, si
né serité harcburgitike (tektonite) dhe né ato kumulative (ultrabazike).

Né vendin toné, tashmé kérkimi i vendburimeve té kromit realizohet me njé ko-
mpleks racional metodash gjeologjike dhe gjeofizike.

Ecuria ng vite e zbatimit té metodave gjeofizike nxorri si t&¢ domosdoshém pérdorimin
e njé kompleksi té gjeré t& tyre, né bashkérendim té ngushté me rilevim-kérkimin gjeologjik.
Pérdorimi i kétij kompleksi né dhjeté vjetét e fundit, pér kérkimin e mineralizimit té kromit
ka géné efektiv.

Kérkimet komplekse intensive dhe t& detajuara té shkallés 1: 2.000 né masivin e
Bulgizés jané kryer né njé sipérfage prej 80 lam2. Né t& gjithé kété sipérfaqe t& kérkuar jané
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Spectral [P parameters of the decay curves, would be a great contribution in searching for the
ore bodies.

At present, the best solution remains the integration of the surface geophysical
(electrical, magnetic and gravity) methods and underground ones such as boze-tore IP, down-
hole three-component magnetic, radiowave shadow method associated with the investigation
of the primary geochemical halo of the samples taken out from the drill-holes.

STUDIM MBI ASPEKTET FIZIKE TE DUKURISE SE
POLARIZIMIT TE PROVOKUAR SPEKTRAL

Pérparim Alikaj Fakulteti i Gjeologjisé dhe i Mirierave

Megjithése né aspektin matematik, sot né boté, fenomeni i Polarizmit t& Provokuar
Spektral ka gjetur njé mbéshtetje t& kénagshme si né fushén e frekuencave ashtuedhe oé fushén
e kohés, né aspektin fizik ai ka mbetur i paspjeguar.

Cilaéshté arsyeja fizike e varésisé sérezistencés komplekse, apo e lakores sé shuarjes
sé PP nga madhésia e diametrit té kokmizave metalore né shkémb? Pérse teksturat masivo-
damarore t€ xcheroréve metaloré karakterizohen nga vlera té larta & konstantes sé kohés
sé shuvarjes, ndérsa ato me pikézime nga vlera t€ ulta? Duke gjetur shkaqet fizike t€ kétij
fenomeni mund t’u jepet pérgjigje edhe pyetjeve t€ tilla me karakter praktik t& kérkimeve
elektrometrike si: a varen parametrat spektralé t¢ PP nga lloji i skemés sé pérdorur, p&rmasat
¢ saj, ryma e polarizimit etj.

Studimi i paraqgitur éshté kryer né laborator duke vrojtuar sjelljen e parametrave
spektralé t&€ PP né fushén ekohés, né kampioné xeherorésh sulfuré me tekstura té¢ ndryshme,
lloje e dimensione skemash t& ndryshme, éshté studiuar varésia e parametrave spektralé té PP
nga koha e vendosjes sé kontaktit metal-elektrolit etj. Mbi bazén e kétyre t¢ dhénave paragitet
edhe modeli elektrometrik qé spjegon dukuriné e PP spektrale dhe hedh drité n& pérgjithési
mbi natyrén e PP me kontaktin metal-elektrolit.

Njohja e aspekieve fizike té PP spektrale hap perspektivén e pérdorimit mé té thelluar
e mé racional t& késaj metede pér diskriminimin teksturor té eksituesve té PP. Ngaana tjetér,
ajo do ¢’i shérbejé edhe thellimit € trajtimit t¢ modelit matematik t& metodés s& PP né
pergjithési dhe asaj PP spekirale né veganti.

ASTUDY ON THE PHYSICAL ASPECTS OF
THE SPECTRAL INDUCED POLARIZATION PHENOMENON

Although on mathematical aspect the Spectral Induced Polarization phenomenon has
provided a successful basis, both in frequency domain as well as in time dorain, on physical
aspecis it have remained unexplained.

Which s the physical reason of the variations of the complex resistivity of the IP decay
curve as a function of grain size of metallic minerals? Why massive or veinlet textures of these
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minerals a: : characterized by long time constant, while those of discrete dissemination by short
one? Recognizing the physical reason of this phenomenon one may give the answer to such
practical questions of electrical prospectirg as, do the spectral IP parameters depend ou kind
of array, on its dimensions on polarizing current, etc.?

The presented study has been carried out in the laboratory, observing the behavior of
Time Domain spectral IP parameters in sulphide ore samples of diffcrent textures, as well as
in 2D and 3D physical modelling. There have been used different polarisable objects, differeat
primary field intensities, different measuring arrays, it has been studied the dependence of
spectral IP parameters on the time of setting of metal-elecrolyte interface, etc. Based on these
data. the electrochemical model. which explains the spectral IP phenomenon and is general
elucidates the behavior of IP, in metal-electrolyte interface, is presented.

The recognition of physical aspects of spectral IP opens the perspective to a better and
more rational application of this method in texture discrimination of IP sources. By the otber
hand, it will serve to improve the mathematical treatments of IP and spectral IP methods.

ARRITJE NE PERDORIMIN E KOMPLEKSIT
TE METODAVE GJEOFIZIKE PER KERKIMIN
E MINERALIZIMIT TE KROMIT DHE
PROBLEMATIKA PER TE ARDHMEN

Llambi Langora Ndérmarrja Gjeofizike, Tirané
Xhelal Sharra “ “ “
Fatmir Dulu “ “ “
Llesh Prenga “ “ “
Péllumb Karganaj “ “ “
Alma Rrénja “ “ “
Arben Lulo “ “ “

Né pérpjekje me véshtirési objektive té shprehura né uniformitetin relativ petrofizik,
pérmasat e trupave, ndikimin e reliefit etj. punimet komplekse pér kérkimin e mineralit t&
kromit jané zhvilluar si rrjedhojé e njé pune shumé vjegare e kémbéngulése.

Vendburimet e kromit gjenden né masivet ultramafike, té cilat jané pjesé e ofioliteve
gé lokalizohen né& Albanidet e brendshme. Pérgéndrimet e kromit gjénden né sasi t& shumté,
kryesisht né masivet e brezit lindor, duke dhéné pérgéndrime té réndésishme industriale, si
né serité harcburgitike (tektonite) dhe né ato kumulative (ultrabazike).

Né vendin topn€, tashmé kérkimi i vendburimeve t€ kromit realizohet me njé ko-
mpleks racional metodash gjeologjike dhe gjeofizike.

Ecuria né vite e zbatimit % metodave gjeofizike nxorti si % domosdoshém pérdorimin

Pérdorimi i kétij kompleksi né dhjeté vjetét e fundit, pér kérkimin e mineralizimit t€ kromit
ka géné efektiv.

Kérkimet komplekse intensive dhe té detajuara t& shkallés 1: 2.000 né masivin e
Bulqizés jan€ kryer né njé sipérfage prej 80 km?. Né té gjithé kété sipérfaqe té kérkuar jané
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fiksuar mbi 200 anomali gjeofizike komplekse e té veganta. Nga verifikimet ekryerarezulton se
mbi 60prej tyrelidhen me mineraliziminekromit. Membeshtetjekomplekse jané projektuar punime.
kérkim - zbulimi né mbi 36 objekte. Mjaft prej tyre jané kthyer né vendburime (Batra jugore,
Temova, QafLame, Ligenii Dhive, Pisha e Thatz, Ligeni i Sopeveetj.). Objekte té tjeré si: Miceku,
QafUjku, Majae Theknés, Kapting, Kopshti i Kalit, Trupi?, Tri Gjeprat, Pylli i Zi etj. jané zbuluar
dhe povazhdojné té€ zbulohen rezerva kromi. Numrii shpimeve pozitive n&raport me atonegative
éshté 1 me 1,4.

Né kété kumtesé jepet pérvoja jon€ e cila tashmé ka dhéné rezultatet konkrete.

Kérkimi i mineralizimit té¢ kromit me kompleksin gjeologo-gjeofizik tashmé ka marré
formé té pércaktuar nédrejtim t&€ zgjedhjes sé objekteve perspektive né pjesét me produktive
t€¢ masiveve ultrabazike, t¢ kompleksit racional q€ pérdoret (rilevim gjeologjik, gravimetrik,
magnetometrik dhe i polarizimit té provokuar) té shkalléve dhe mrjeteve t& punés, sipas
aftésive zgjidhése té metodave, t€ bashkérendimit dhe interpretimit té€ materialit, t€¢ mbéshtetur
me studime petrofizike dhe punime hapése deri né pérgatitien e objekteve pér zbulim
intensiv. Krahas arritjeve, t€ cilat ilustrohen me shémbuj nga masivi ultrabazik i Bulqizés,
vihen né dukje edhe disa véshtirési e mangési, t€ cilat mbeten si drejtime pune pér
kapérxyer.

ACHIEVEMENTS ON THE APPLICATION OF THE
INTEGRATED GEOPHYSICAL METHODS FOR CHROME
PROSPECTING AND FUTURE PROBLEMATIC

' Coping with objective difficulties, expressed on therelative petrophysic unifermity, ore
body dimensions, terrain influence etc. the integrated geophysical methods for chrome
prospecting have been elaborated through a long time and persistent work.

The chrome deposits are found in vitramafic massifs, which are parts of ophiolites,
situated in Inner Albanides. Concentrations of chromite mineralization mainly occurs in the
Easter Belt massifs. forming economically important deposits, both in hartzburgite (tectonite)
and in cumulate (ultrabasic) series.

Already. in our country, the chrome prospecting is carried out with optimal integrated
geological and geophysical methods. The experience in the application of geophysical
methods has shown the necessity to use a wide variety of them and in close coordination with
eeological survey. During the last decade the application of these methods has been effective.

. An intensive and detailed prospecting on a 80 km? area at scale 1: 2.000 has been
carried out in Bulgiza massif. At all this prospected area more than 200 integrated and separate
geophysical anomalies have bezn fixed. After the verification, more than 60 of them result to
be related with chrome mineralization. Base on integrated data in more than 35 objects have
been projected prospecting-exploration works. Many of them are turned into in ore deposits
(Batra Jugore, Ternova, Qaf Lame, Ligeni i Dhive, Pisha e Thaté, Ligeni i Sopeve etc.). Other
object as: Miceku, Qaf Ujku, Maja e Theknés. Kaptiné, Kopshti i Kalit, Tri Gjeprat, Pylli i Zi
etc. gave been explored and are being explored new ore reserves. The ratio between positive
and negative boreholes is 1 to 1,4.

In this paper is given our experience, which already has provided concrete results.
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Chromite prospecting using the geological-geophysical methods has now taken a
definite form in relation to the selection of perspective areas within the most productive of the
ultramafic massifs, optimal integrated methods (geological survey, gravity, magnetic and
electrical prospecting); scale and survey grids according to the solving abilities, coordination
of methods aod data interpretation, supported on petrophysical studies and geological
exploration works. Integrated investigation follows all the prospecting and exploration phases
of ore deposit.

Parallel with the achievements ilustrated through the case histories form the Bulgiza
ulramafic massif, some difficulties and faults are put into evidence, which are problems to be
overcome in the future.

VLERESIMI I THELLESISE
NE RASTIN ME RELIEV TE KOMPLIKUAR

N. Krustev Redky Metaly Co. Sofia, Bulgaria
K. Pavlov [{3 [{3 113 [3
SL Janev [13 [ “ (3

Artikulli trajton problemet metodike dhe rezultatet e kérkimit né shkallé mesatare
thellésie duke pérdorur metodén e sondimeve elektrike vertikale, né konditat e njé relievi &
thyer. Objekti i kérkimit éshté struktura vullkanike e tercierit né masivin e Rhodopit.

Qéllimi i studimit éshté dhénia e njé informacioni paraprak sasior rreth strukturés sé
brendshme t€ ultésirés dhe karakteristikat kryesore té bazamentit té saj.

Megénése parametrat gjeoelektriké t€ prerjes jané té€ favorshém at€heré provohet
aftésia e metodés né variantin e linjés sé gjaté ushqyese.

Analiza e problemeve éshté kryer si né punimet fushore né konditat e njé relievi té
thyer ashtu dhe gjaté proceseve t€ interpretimit té t€ dhénave té fituara.

Interpretimi sasior éshté béré duke pérdorur kompjuterin.

Informacioni gjcoelektrik fillestar, i fituar nga studimet gjeofizike, rreth thellésisé sé
strukturgs sé studiuar, tregon se po té plotésohen disa kushte metodike, metoda e sondimeve
vertikale mund te keté njé besueshrméri té konsiderueshme pér mbledhjen e njé informacioni
gjeologjik tre pérmasor.

DEEP GEOELECTRICAL SURVEY
-IN COMPLICATED RELIEF SITUATION

The article treats the methodical problems and the results of a middle scale deep survey
using the Vertical Electrical Sounding method under the condition of a rough relief. The object
of the survey is a Tertiary volcanic structure in the Rhodope massifs.

The goal of the investigation was a preliminary quantitative information about the
internal structure of the depression and the main peculiarities of its basement.
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As the geoelectrical parameters of the section proved to be favorable the capability of
the method in alonger feeding line variant was tested. An analysis was made of the problems
of the field works under heavy terrain condition as well as those of the processing and
interpretation of the data received.

The quantitative interpretation was made by means of a computer.

The original geoelectrical information about the depth structure of the investigated
later geophysical investigations /g, z/, show that if certain methods conditions are fulfilled,
Vertical Electrical Sounding data canbe of considerable reliability for gaining of three dimen-
sional geologicalinformation. )

STUDIMET GJEOFIZIKE NENTOKESORE
NJE NGA RRUGET PER RRITJEN E EFEKTIVITETIT
TE ZBULIMIT TE VENDBURIMEVE

TE BAKRIT DHE KROMIT
Llambi Langora Ndérmarrja Gjeofizike, Tirané
Kristaq Naska “ “ s
Dhimitér Gjovreku “ “ “
Ylli Bektashi “ “ “

Né kumtesé analizohen t&€ metat e studimeve né zbulimin e vendburimeve t€ bakrit e
t€ kromit g& vijne si rezultat i t€ metave té€ sotme né teknologjin€ e shpimeve, sidomos nga mos
nxjerrja e ploté e kampionit.

Nga ana tjetér morfologjia e komplikuar e trupave t€ mineralizuar dhe tektonika pas
mineralizimit, tepér e zhvilluar, bén g€ shumé shpime t&€ shkojné kot dhe t€ kené rezultate
negative.

Mungesén einformacionit, pér arsyet e mésipérme, autorét propozojné gé ta plotésojné
me té dhénat g€ vilen nga metodat gjeofizike néntokésore té trungut t& shpimit e rreth tij.

Me ané t& disa shkémbinjve t& goditur, t& zgjedhur nga praktika e pérdorimit t&
metodave gjeofizike néntokésore né kérkimin e vendburimeve té bakrit e té kromit, actorét
vértetojné se metodat e trungut, si ato t& rezistencés elektrike, t&¢ FEN, t&€ predispozitetit
magnetik, rrezatimit t€ difuzuar dhe ato té hapésirés rreth trungut, si metoda e polarizimit t&
provokuar, TURAM-it, radiovaléve, FEN, ¢ trupit t€ ngarkuar dhe magnetometria vektoriale,
mitin né ményré té ndjeshme efektshniériné e studimit gjeologjik.

Pérdorimi n& kompleks i metodave gjeofizike néntokésore hap rrugé té re pér zbulimin
e vendburimeve t€ mineraleve t&€ dobishme, mbasi jep mundésiné e shkurtimit né masg té
shpimeve, g€ aktualisht jepen né mjeta t€ paracaktuara, sipas fazés sé€ kérkim-zbulimit. Pér
mjedhojé do t€ kemi rmritjen e informacionit t& nevojshém, shkurtimin dhe uljen e kostos s&
zbulimit t€ vendburimeve.
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THE UNDERGROUND GEOPHYSICAL STUDIES AS A DIRECTION
TO INCREASE THE EFFECTIVENESS OF COPPER AND CHROME
DEPOSITSEXPLORATION

The paper analyses the disadvantages of the studies in the search for copper and chrome
ore deposits derived as a result of our present drilling technology, particularly as regards
incomplete core sample extraction.

On the other hand the complicated morphology of the ore bodies and intense postmineral
tectonics leads to a lot of negative boreholes.

This lack of information, due o upper mentioned factors we have been tried to fulfil
with geophysical data, provided by underground geophysical methods used in boreholes and
around them.

Through to some characteristic case-histories selected from our experience in copper
and chrome exploration we prove that well-log methods as Resistivity, Self Potential,
Kappametry, Diffuse Gama-ray and those the space around the boreholes as Induced
Polarization, Turam, Radiowaves Space, Self Potential, Applied Potential and three compo-
nent magnetic, obviously increase the effectiveness of geological investigations.

The application is complexity of the underground geophysical methods cut a new way
to the effective exploration of ore deposits, because it provides the possibility of borehole
reduction, actually predicted according to exploration phase grid. As a result we should have
theincreasing of the necessary scientificinformation and the decreasing of theexploration cost
of the ore deposits.

PROBLEMATIKA RADIOMETRIKE
NE KERKIMIN E MINERALEVE TE DOBISHME

Safet Dogjani Ndérmarrja Gjeofizike, Tirané
Osman Lika “ “ “

Prania e pérmbajtjeve té ngritura t¢ mineraleve radioaktive né disa minerale t&
dobishme, me té cilat ato lidhen gjenetikisht, krijon fusha anomale t€ radiacionit natyror,
studimi i t& cilés bén t&€ mundur pérdorimin e suksesshmém té metodave radiometrike pér
kérkimin dhe zbulimin e fosforiteve, qymyreve, boksideve, shkriférimeve té pasura me toka
t€ rralla dhe tufet potasike etj.

Problematika e metodave radiometrike &shté zhvilluar pér pércaktimin e kompleksit
racional pér zgjidhjen e kétyre detyrave:

a) Kérkimin dhe konturimin e trupave ose zonave € mineraleve t€ dobishém me técilat
lidhen bashkéshogérime t&€ mineraleve radioaktive.

b) Me vlerésimin sasior té komponenteve té dobishém népérmjet gjetjes sé ligjésive té
bashkélidhjeve g€ ekzistojn€ midis tyre.

NE€ rajonet ku kérkohen fosforite, sektorét me intensitet me té larté t€ gama rrezatimit
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naryror, jané vlerésuar mé me interes
pérzhvillimin e zbulimeve gjeologjike.

Ekzistencae bashkélidhjes sé
pérmbajtjes té€ P,O, me intensitetine
gamarrezatimitdhe me pénmbajtjene
uraniumit, ndihmoi né zbulimin e
mineralizimitfosfatik tétipit té carjeve.

Pér seicilin nga drejtimet e
mésipérme jepen n€ ményrété sintet--
izvararmitjete metodave radi-omedrike,
zgjidhjet efektive té tyre dhe
problematika perspektive e kétyre
metodave.

RADIOMETRIC
PROBLEMATIC INTHE
SEARCHFORORE
MINERAL

l

Fig.1 Zong onomate racioaktive ™ .
~ . “ g e presence of increased
e shoger. uar me elementé f€ 1ot of radioactive minerals in
zonave le rraolly. some ore minerals, with which they
are connected, provides the anom-
aly field of natural radiation. The
study of this field permits the successful application of the radiometric method in the search for
phosphorites, coals, bauxite placer deposits with rare earths and potassium tufts etc.
The problematics of radiometric methods is developed for the determination and
elaboration of the rational integration in the solution of these problems:
a) The search and contouring of ore bodies or mineralized zcnes which the radioactive
minerals are related to as accessors.
b) The quantitative evaluation of the ore componentafter the determination of correlation
factors existing between them.
In the regions where phosphorites are searched the sectors with highest amplitude of
natural gamma-ray have been evaluated as the most interesting ones for drilling exploration.’
The existence of correlation between the P,0, content and gamma-ray intensity, due to
the uranium coatent, assisted in the exploration of the phosphatic mineralization on the fissure
type.
The achievements of radiometric methods, their effective solutions and perspective
probleratic of these methods, according to the above mentioned directions, are synthetically
presented.
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STUDIM PETROFIZIK
I SHKEMBINJVE ULTRABAZIK TE SHQIPERISE

Hermann Mauritsh Institut fur Geophysik, Leoben, Austria
BernardHolub “ “ “ “
Llambi Langora Ndérmarija Gjeofizike, Tirané
Dhimitér Gjevreku “ “ “

Spartak Kasapi “ “ “

N& kuadrin e Projektit t¢ Bashképunirit shqiptaro-austriak u studiuan 7 shpime nga
pjesa jugore e masivit ultrabazik té Bulqizés. (€llimi kryesor ishte indetifikimi i kromitit dhe
diferencimi i tij nga shkémbinjté parésoré, dute u bazuar né parametrat fiziké. Parametrat e
percaktuar ishin shpejtésia sizmike, densiteti, predispozicioni magnetik, intensiteti i magnet-
izimit mbetés, faktori Q, rezistenca elcktrike dhe polarizueshméria. U kryen studime mi-
kroskopike né shlife e anshlife.

Rezultatet tregojné njé korrelim t€ qartémidis shkallés té serpentinizimit dhe densitetit
si dhe shpejtésisé¢ sé valéve sizmike. Densieti mesatar i duniteve dhe harcburgiteve t&
paalternuara éshté rreth 3.200 kg/m?, ndérsa shpejtésia e valsve sizmike, pérgjithésisht mbi
8.000 m/s. Nga ana tjetér, densiteti i llojeve pérkatése té alternuar zvogélohet deri 2.400 kg/
m’, ndérsa shpejtésité sizmike luhaten 5.500-8.000 m/s. Me interes duket fakti q¢ dunitet
paragesin shkallé serpentinizimi mjaft t€ lart: né krahasim me harcburgitet. Kjo mund t&
shkaktohet nga njé rezistencé mé e larté e proksenit kundrejt serpentinizimit né krahasim
me olivinen. Né disa shpime vérehet njé korrelim shtesé i serpentinizimit me predispozitetin
magnetik dhe polarizueshmériné. Né pérgjithisi, vlerat e larta t& rezistencés elektrike nuk
lejojné ndonjé dallim té madh t€ llojeve shkémbore.

NEé kontrast té qarts me shkémbinjté e fjeré, kromitet paragesin vlera mjaft té larta té
densitetit prej 3.400 deri 4.100 kg/m® dhe vIera € ulta té shpejtésisé sé valéve sizmike, né
brezin nga nén 6.000 deri 8.000 m/s. Kéto stpejtési t€ vogla mund t& ishin njé tregues qé
kromitet lidhen me vecorité tektonike. Né gdo rast, kéto rezultate rrisin mundésiné e
optimizimit t&¢ metodave t& kérkimit.

A PETROPHYSICAL STUDY
OF ULTRABASIC ROCKS OF ALBANIA

In the framework of an Albanian-Austian Cooperation Project, seven driilings from
the southern part of the Bulgiza ulwrabasic massif were investigated by petrophysical and
microscopic methods. The main target was theidentification of chromitite and its differentia-
tion from the host rock, based on physical panmeters. The determined parameters were the
seismic velocity, density, susceptibility, intensity of remanent magnetization, Q-factor,
electric resistivity and polarizability. Microscepic studies were performed on polished and
thin sections.

The results show a clear correlation between the degrees of serpentinization and density
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as well as seismic velocity. The mean density of unaltered dunites and harzburgites is in about
2.200 kg/m?, combined with velocities generally above 8.000 m/s. On the other hand, the
density of the serpentinized equivalents decreases down to 2.400 kg/m?, the velocities are in
the range from 5.560 to 8.600 ny/s. Of further interest seers to be the fact that the dunites show

" asignificantly higher degrees of serpentinization compared with the harzburgites. This may
be caused by a greater resistivity of the pyroxenes against serpentinization compared with
olivines. In some drillings an additional correlation of serpentinization with the susceptibility
andpolarizability is observed. Generally high values of the electric resistivity donot allow any
significant distinction of rock types.

In clear contrast to the other rocks, the chromitites show significant high values in the
density from 3.4G0 up to 4.100 kg/m? and iow values of the seismic velocity in the range from
lower than 6.000 up to 8.000 m/s. These low velocity might be an indication that the
chromitites are bound to tectcnic features. In any case, these results give rise for optimistic
auspice ia optimizing explcration methods.
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PAISJE GJEOFIZIKE NE SHERBIM
TE STUDIMEVE HIDROGJEOLOGJIKE

Nexhip Maska Ndérmarrja Hidrogjeologjike, Tirané

Grupi i karrotazhit i Ndérmarrjes Hidrogjeologjike Tirané, krabas zgjidhjes sé
detyrave hidrogjeologjike pér studimin e shpimeve, ka ndértuvar edhe disa pajisje dhe
aparatura, midis tyre edhe pér studimin e dinamikeés s& ujrave néntokésore, si kompletin MD-
2 pér gjetjen e drejtimit té rrjedhjes sé tyre dhe nivelmatésin automatik NE-04.

Matési pér gjetjen e drejtimit MD-02 pérdor si gjurmues klorurin e natriumit. Né
panelin e sipérfages sé késaj aparature éshté vendosur aj€ gjenerator R, L, C, njé pérforcues
dhe njé uré Winston e cila lidh t€ dy traktet me lidhje transformatorike. Pajisja e pusit &shté
njé “kafaz” elektrodash me njé tub gendror gé emeton tretésirén kripore me anén e njé
elektroshiringe me kapacitet 120 ml.

Baza fizike e metodés mbéshtetetné parimin e matjeve té udryshimeve t& pérgueshmérisg
elektrike g€ shkaktohet nga ondryshimet e pérqéndrimeve (& tretésirés kripore né kohé, si
mjedhojé e gvendosjes s€ aureolés kripore prej 1€vizjes s€ ujit & shtresés. Praktikisht, matet
rezistenca midis ¢do elektrode € “kafazit” dhe murit t€ pusit (tokeés), rezistencé e cila pérbén
krahun e ndjeshém t€ urés s&€ Winstonit. Ndryshimet e rezistencés sé kétij krahu né kohé,
shkakto;ne ndrvshime € tensionit né diagonalen e urés. Kjo diferencé potencialesh
pérforcohet dhe shndérrohe: né tension & vazhduar, Inteasiteti-i rrymés matet me angér. e 13jé
mikroampermetri t€ ndjeshém

Pér té shmangur efektet e démshme gjaté matjes, té tilla si shpérbashkimin e joneve
t€ tretésirés kripore apo ndikimin e fushés elektrike natyrore (P. S.), tensioni g¢€ zbatohet né
elektrodat éshté alternativ, me denduri 8 HZ e madhési 60 V.

Me rezultatet e serive té matjeve, t& pérftuara né kohé t&¢ ndryshme, ndértohet njé
grafik, sipas té cilit gjykohet pér drejtimin e 1€vizjes sé ujrave néntokésore. Saktésia e matjes
me kété metodé éshté rreth 10 gradé.

Njé ekran shifror né panelin e sipérfages tregon né ¢do gast thellésiné e ndodhjes sé&
sondés né pus.

Nivelmatési elektronik NE-04 &éshté njé pajisje e kompletuar, e shpejté né matje,
komode né pérdorim, e lehté (1,9 kg) dhe e sakté (Imm/m). Ai tregon nivelin ¢ ujit né truugun
€ pusit né ményr¢ automatike, a€ njé ekran shifror. Pércaktimi i thell€sisé s¢ pasq,Tés s¢ ujit
né trungun e pusit kryhet dukc matur gjatésin€ e kabllit t€ futur n€ €, me ancn c njé sisiemi
elektronik numérimi. Kablli, mjaft i holl€, qé méshqet né njé disk me vrima, krijon gjéndjet
logjike “0” dhe “1” té nevojshme pér hyrjen e numeratorit elektronik, né pérputhje me gfagjet
“vrimé” dhe “jo vrimé” té diskut, i cili ndodhet né mes € njé ¢ifti dhénés - marrés g€ punon
me rreze infra t2 kuge. Me anén e njé qarku origjinal (i ngjajshém me trigerin e Shmidit)
numérimi i métejshém ndalohet automatikisht sapo sonda prek sipérfagen e ujit, duke njoftuar
pér kété népérmjet t& dy sinjaleve, zanor dhe dritor.

Metoda e matjes s€ drejtimit me pajisjen MD-02 &shté paraqitur pér botim né IAEA
(Vien€), ndérsa nivelmatési NE-04 &€shté demonstruar né€ firmén e specializuar pér prodhime
pajisjesh hidrologjike A. OTT, né Kempten té Gjermanisé.
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GEOPHYSICAL EQUIPMENTS
FOR HYDROGEOLOGICAL INVESTIGATIONS

Except routine investigation, the logging group of Albanian Hydrogeological Service
(A. H. S.) has carried out some special studies about groundwater dynamics such as
determinatioun of direction and velocity of flow. This work is useful for the determination of
hydraulic communication between two or more layers too. Besides this our group has
copstructed some modest equipments to help hydrogeologists or for the logging group itself.

About one year ago, our services has invented a simple equipment for measuring the
flow direction and a new electric contact gauge. We do not claim that these are the best ones.

. The equipment of direction measuring MD-02 uses as a tracer common salt (NACL)
at a quantity of 50 gr. The MD-02 equipment has a surface unit (a.R, L, C transistorized
generator, a simple amplifier and Wheatstone bridge to connect the two parts together) and
adepth probe (that consists of some electrodes with a shape like a “cage” with a central tube
that emits the salt solution with the aid of electrosyringe, 120 ml capacity, to the wanted
horizon of borehole). All the circuits are in solid connection (stamped slabs).

The physical basis of this method is based on the law of electrical conductivity. Thus
the concentration changes of salt solution in the time are transformed in to electric changes.
A voltage of 60 V with an 8 HZ frequency is produced by a generator. This high frequency is
needed to avoid dissociation effects of salt solution, self potential (S. P.) influences as well as
amplifier efficiency. With the measurement series that are obtained with the elapse of time a
diagram should be built which would inform us about flow direction. The measuring accuracy
is about 10 degrees. The MD-02 is equipped with a cable electronic counter that shows the
depth by a surface unit display. The use of this equipment is not dangerous for the health (like
radioactive ones). The other equipment, the digital electric contact gauge, NE-04, is like
previous models but for some facilities. The NE-04 is light (1,9 kg), fast in measurements and
accurate (1 mm/m). The equipment stops counting as soon as the probe touches the water level
in going down. To stop further sinking of the probe we must use a special trigger of brake to
microdrum.

The electronics is build with 74 series 1. C.

- Both equipments, MD-02 and NE-04 are not copied from any strange model. They are
made in an original way. The method of flow direction determination with MD-02 equipment
will be issued by Working Group of I. A. E. A. (Vienna), while the NE-04 has been
demonstrated to the company of A. OTT. (Kempten-Germany).
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NDIHMESA E METODAVE GJEOFIZIKE
TE PUSIT PER VLERESIMIN CILESOR DHE SASIOR
TE SHTRESAVE TE QYMYRIT DHE NE PER-
CAKTIMIN E RRJETEVE OPTIMALE TE ZBULIMIT

Ylli Bektashi Ndérmarrja Gjeofizike, Tirané
Sillo Mugko “ “ “
Violeta Murati “ “ “
Alma Janko “ “ “

‘ Provincat qymyrmbajtése lidhen me formacionete oligocenit, miocenit dhe t& pliocen-
lknaternarit, té cilat karakterizohen nga prania e shuesave t€ holla qymyrore dhe rreshpeve
qymyrore. ;

Me anén e dokumentimit‘gjeofizik té puseve t€ shpimit zgjidhim kéto detyra gje-
ologjike: Studimi i litollogjisé sé& prerjes gjeologjike dhe-dallimi i shtresave t&€ qymyrit né té
gjithé prerjen e pusit (fig. 1); pércaktimi i trashésis¢; i ndértimit dhe ndodhjes sé tyre;
bashkélidhja e shtresave t€ qymyrit nga pusi n€ pus dhe né t€ gjithé vendburimin. Vlerésimi
i pérmbajtjes sé hirit, fuqisé nxehése dhe lendéve volative té shtresave té qymyrit. Gjithashtu
mbéshtetur n€ saktésiné e vlerésimit t€ parametrave gjeologjike té€ shtresave t& qymyrit
(trashésia, pérmbajtja e hirit, fugia nxehése) nga ky dokumentim me metoda gjeostatistike t&
vlerésimit kemi pércaktuar rrjetin optimal t€ zbulimit.

Kompleksi i metodave gjeofiziketé pusitdhe i sondave qé€ kemi pérdorurpér zgjidhjen
e problemeve t€ mésipérme ka qené i gjeré. Késhtu, nga metoda e rezistencés kemi pérdorur
sondat A1,95M 0,IN,MO,IN 1,95A,A0,1 M 195N, sondén anésore tre elektrodéshe,
kemi pérdorur metodén e gama - mrezatimit natyror, metodén e gama - gama dendésisé (L =
0.5 Ohm, Co® me fuqi 5 mci), metodén e P. S., matésin e temperaturés né pus, mawsin e
diametrit né€ pus, matésin e rezistencés sé€ léngut larés etj.

Krahas interpretimit klasik t&€ lakoreve, pér shumé probleme, si korrigjimi i ndikimit
té efekteve anésore, t& léngut larés, diamterit t€ pusit, gjetja e korelacioneve ndérmjet
parametrave t& ndryshém etj. jané pérdorur programet: INVZ 1990, REZ -2-1990, STATGRA-
PHCS-1986, GAMA-2C-1987, GEO-EAS-1969, SURFER-1987 etj.
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Fig. 1

THE CONTRIBUTION OF THE DOWN-HOLE 0
GEOPHYSICAL METHODS IN THE QUALITATIVE AND
QUANTITATIVE EVALUATION OF THE GOAL BEDS AND IN
THE DETERMINATION OF THE OPTIMAL EXPLORATION GRID

The coal-bearing provinces are related to Oligocene, Miocene and Pliocene-Quater-
nary formations, which are characterized by the presence of thin coal beds and coal shales.
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By means of the geophysical probing of ‘e diillikoles the Following geolisgical
problems are solved: ' ' ' .

Study of the’ lithology of the geologic section and the detection of the coal beds
throughout the section. ' ' )

Thickness evaluation, determination of the structure (compound) and depth location
of the coal-beds, the hole-to-hole correlation of the coal-beds, as’ well as the comrelation
throughout the deposit.

Ash content and calorific power evaluation and determination of the volatile compo-
nents in these beds.

Based on the evaluation accuracy of the geologic parameters of the coal beds (thickness,
ash contents, calorific power) by this support of geostatistical methods the optimal exploration
grids have been determined.

To solve the above problems there have been used many various integrated down-hole
geophysical methods and probes, such as resistivity method with the probe A 1,95M 0,1 N,
MO,IN 195 A, A0,1 M 195N, three-electrode lateralog, gamma-ray log, and gamma-
gamma (density) log, SP log and thermometry. The hole-diameter (calliper log) and mud
solution (drilling fluid) resistivity have been measured as well.

Parallel of classical interpretation of the log diagrams, for a lot of problems as,
correlation of the influence of the lateral effects, of mud solution, borehole diameter,
determination of the comrelations between different parameters etc, the programmmes INVZ-
1990, REZ-2-1990, STRARGRAPHCS-1986, GAMA-2C-1987, GEO-EAS- 1969, SURFER-
1987, have been used.

VENDI DHE ROLI I METODAVE GJEOFIZIKE
PER QELLIME TE MIKROZONIMIT SIZMIK

Siasi Kogiaj Qendra Sizmologjike, Tirané

Mbéshtetur né pérvojén gati 10 vjegare, té kryerjes sé punimeve t& mikrozonimit sizmik
n€ Shqipéri,tregohet se vlerésimi i rrezikut sizmik t& 1€kundjeve & forta sipérfagésore, né
njé shesh ndértimor, ndikohet nga tri faktoré: vecorité e vatrave t€ térmeteve t€ fugishém, rmega
vatér - shesh ndértimi dhe vegorité lokale t&€ vcté sheshit t€ ndértimit.

Tregohet se pér vlerésimin e kétyre faktoréve dke ndikimin e tyre n€ karakteristikat e
lékundjeve t€ forta, njé rendési té dorés sé paré, kané punimet gjeofizike, rezultatet e té cilave
né kuadrin e punimeve komplekse gjeologo - gjeofizike mund t€ pérdoren drejtpérsédre;ti ose
térthorazi pér kété gétlim.

Nén kété kénd véshaimi dallohen punimet gjeofizike rajonale, t€ cilat pérfshijné t&
gjithé kompleksin e punimeve gjeofizike (sizmike, gravimetrike, elektrometrike, magneto-
metrike et).) g€ prdoren pér sqarimin e ndértimit gjeotektonik né thellési t€ mjedisit ku lindin
proceset térmetor dhe ku ato pérhapen. Nipérmjet kétyre punimeve dallohen zonat e
térmeteve té forté (n& kompleks me punimet sizmotektonike) dhe vegorité e rrugés nga vatra
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tek sheshi ndértimor, ku studiohen lékundjet e forta.

Njohja e kétyre faktoréve na lejon jo vetdm t& pércaktojmé karakteristikat e procesit
térmetor por edhe té vlerésojmé modifikimin e tij pér hir t& kushteve gjeotektonike nga vatra
ek sheshi i ndértimit, té¢ ashtuquajturat kushte néntokésore. Kjo gjé bén t¢ mundur pér-
caktimin e karakteristikave té procesit térmetor né shkémbinjté mménjésor (né sipérfage ose né
thellési) t€ sheshit ndértimor.

Nga ana tjetér, dihet sc rreziku sizmik i lékundjeve té forta paraget n& vetvehte njé
element probabilitar. Si rrjedhojé koha e pércaktimit té tij ka réndési t€ veganté. Né kété kénd
véshtrimi, pércaktimi i kohéndodhjes sé lékundjeve té fortamund t& béhet me njé faré shkalle
besueshmeérie po t¢ njohim luhatjet né kohé t& parametrave t& nd:yshem te fushave gjeofizike,
pér meth vatrave té térmeteve té fugishém.

Punimet komplekse lokale pérfshijné kompléksin e punimeve inxhinjero - gieofizike
né shkallé relativisht & madhe (5.000-10.000), pér studimin e presjes gjeotektonike té sheshit
ndértimor, pérfshiré€ pérvijézimin e bazamentit ose t&¢ shkémbinjve énjésor, si dhe vegorité
e ndértimit gjeologo - litologjik té prerjes sé depozitimeve mé té shkriféta, qé shtrihen mbi kété
bazament. Si metoda gjeofizike pér ndértimin gjeometrik té prerjeve gjeotektonike pérdoren
kryesisht punimet elekirometrike (SE) té kombinuara me punimet e sxzmlkes sé vogél dhe
shpimet gé depértojné tej pér tej depozitimet e shkriféta kuatemare.

Pér parametrizimin e tyre pérdoren matje gjeofizike né puset e shpuar (karrotazhe
elektrik. akustik. gama - gama, pus - sipérfage, pus - pus etj.) t€ bashkérenduara me punimet
e tjera gjeoteknike né laborator ose né terren.

Mbéshtetur né kéto dhe né proceset térmetore té modifikuar, g& njihen pér shkémbinjté
rrénjésor, béhet vlerésimi i lékundjeve té forta sipérfagésore.

Matjet inxhinjero - sizmollogjike lidhen kryesisht me matjet eksperimentale pér
vlerésimin drejtpérsédrejti t€ 1€kundjeve t& forta sipérfagésore, mbéshtetur né matje t&€ fushave
gjeofizike (matje t2 vetive elastike té trojeve) té ngjajshém me ata térmetor (vitrimet vetiake
t€ trojeve ose mikrotérmetet) dhe né raste t€ veganta me veté l€kundjet e forta t€ térmeteve té
forté, té regjistruar né kushte € ndryshme trualli (si rasti i térmetit t& 9. 1. 1988 M=5,4).

Kéto matje shérbejné njékohésisht edhe pér kontrollin e vlerésimeve analitike.

Mbéshtetur né pérvojén toné pér mikrozonimin sizmik t€ qyteteve: Vloré, Durrés,
Shkodér, Tiran€, Korgé, Fier dhe Pogradec, tregohet roli i madh i metodave gjeofizike pér
kryerjen né afate relativisht té shkurtéra t¢ punimeve té mikrozonimit sizmik.

Tashmé kéto lloj punimesh jané béré njé praktiké e zakonshme né fushén e sizmo-
llogjisé inxhinjerike né vendin toné.

THE PLACE AND THE ROLE OF GEOPHYSICAL
INVESTIGATIONS FOR SEISMIC MiCROZONING PURPOSES

Based on seismic microzoning experience, gained during last ten years in Albania, it
is shownthat for seismic hazard assessment at a site following elemens should be known: foci
of maximum expected earthquakes in the area surrounding the site, travel path features and
local site conditions.

In the framework of complex studies, carried out for this purpose, the geophysical
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investigations are of primary importance including:

1. Geophysical studies on the small scale (or regional scale):

Which includes all complex of geophysical methods (seismic, gravimetry, magnetome-
try, electrometry etc.) for the investigation of deep structure of the media where earthquake
foci are situated. Based on these data together with neotectonics and seismotectonics the foci
of maximum expected earthquake, their seismic potential, the characteristics of strong ground
motion, generated from these foci, and the influence of travel path properties on these strong
ground motion can be determined as well strong.

Such evaluation of ground motions is very important for the determination of input
motions at baserock level of a site (at surface or in deep).

2. Time variation of geophysical fields:

It is known that seismic hazard has a probabijlistic meaning. That means that the
recurrence periods of strong earthquakes and their strong ground motions are very important
for seismic hazard assessment at a site for different type of buildings and objects. for this
purpose the variation in time of geophysical parameters around the foci of maximum expected
earthquakes is very important, because it is not the same if a earthquake will occur once in one
hundred years or once in thousand .years. This problem is closely linked with earthquake
prediction as well.

3. Geophysical studies on big (local) scale:

Generally they includes engineering-geophysical investigations ore prospectings are
carried out in a scale from 1: 10.000 to 1: 5.000 and bigger ones. The main purpose of such
studies in complex with engineering geological studies and geotechnical ones, is to complete
in a short time geotechnical cross sections of the upper part of soft Quaternary deposits above
the baserock level. The main contribution belongs to such geophysical methods as small
seismic prospecting, vertical electrical soundings and boreholes to check up outputs of
geophysical data.

For the parametrization of these cross sections different kinds of geophysical logs (as
electric, acoustic, gamma - gamma, down-hole, cross-hole etc.) combined with laboratory and
in situ geotechnical investigations can be used.

These cross sections can be presented by one dimensional geotechnical models (for
horizontally layered media) or by two dimensional profiles. Based on these models and
profiles, input motions at baserock level and different computing procedures, the analytical
evaluation of strong ground motions at different levels (or at surface) can be made. For one
dimensional approach two methods are in use: wave propagation method and Tomson - Haskel
matrix method, mean while for two dimensional approach finite difference and finite element
methods are in use. Recently a new approach based on method of integral equation is going
to be implemented.

4. Engineering-seismological investigations:

The main purpose of such investigations is the direct expetimentai evaluation of strong
groand motion at surface level of a site based on:

- Shear waves velocities measurements for the deterrcination of elastic behavior
properties of soils through their acoustic impedances,’
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- Microuersor measurements for the determination of soil categories using Furie
spectra of their proper vibrations in elastic stage and highest response in frequency range,

- Strong greund motions records of medium and strong earthquake, which are very rare
events (so, for a five vears period of our strong ground motion network), only one earthquake
was recorded on frec ficld condition:s (that of january 9, 1988 with M = 5,4).

Such records has been used for checking up the outputs of microzoning studies of
Tirana.

Based on our experience for seismic microzoning of towns: Vlora, Durrés, Shkodra,
Korga, Pogradeci, Fieri and Tirana city, it can be shown the great importance of geophysical
investigations to carry out in shorter time such studies. The use of geophysical investigations
for seismic microzoning purposes is now a common practice in our country.

ZBATIME TE GJEOFIZIKES INXHINJERIKE
NE NDIHME TE PROJEKTIMEVE E STUDIMEVE
GJEOLOGO-INXHINJERIKE

Lutfi KapHani Ndérmarrja Gjeolologji-Gjeodezi, Tiran¢

Paraqiten shkusiimisht rezuitate: e studimeve gjeofizike - inxhinjerike € disa vepra
. kxyesore industriale, hidroenergjitike, hekurudhore etj. té projektuara e t¢ ndértuara kéto vitet
e fundit n& vendin toné.

Né Hidroceatralin e Banjés me pérdorimin e sondimeve elektrike dhe t€ profilimeve

sizmike t€ valéve téthyera u pércaktua trashésia e depozitimeve aluviale dhe ajo zhavorore
“ e shuratit t£ lumit né zonén e ndértimit 2 digés, modulet e elasticitetit pér depozitimet flishore
& paleogjenit, etj.

Studimi i trasesé hekurudhore Milot - Rréshen - Klos me metodat gjeofizike u realizua
qé nga faza e pérpilimit té projekt - idesé deri né até té projekt - zbatimit né vepra té ndryshme,
si ura, tunele, zuna méshqitése etj.

Sondimet elektrike jané pérdorur me sukses edhe pér nxjerrjen e t€ dhénave té
nevojshme pér pérpilimin e skemave strukturore té horizonteve t¢ ndryshme, pérdeshifrimin
e pérbéxjes litologjike t& shkémbinjve rénjésoré dhe pér trasimin e tektonikave shképutése né
kuadnn e mikrorajonizimit sizmik € qyteteve kryesore t& vendit toné si Vlora, Durrési,
Shkodra, Tirana, Korga etj.

APPLICATIONS OF ENGINEERING GEOPHYSICS IN AID OF
PROJECTIONS AND STUDIES OF ENGINEERING GEOLOGY

Here are shown shortly the engineering geophysical achievements in some of indus-
trial, hydreenergetical, railroad construction which were most recently projected in our
country. Through the application of electrical sondings and seismic profiles with refracted
waves, the thickness of gravel adlluvial deposits, in the zone of dam building, the elasticities
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moduls for flysch deposits of Paleogene, slope stability etc. were determined at the Banja
hydropower-station. The geophysical study of Milot - Rréshen - Klos railroad track, is
accomplished from the first phase of project-ides till to project-application oae, in various
objects such as bridges, tunnels, land slide area, etc.

The vertical electrical sounding are applied successfully in finding out the necessary
data to compile structure schemes for various horizons, to determine tectonic lines, to detect
covered rocks formation in the framework of seismic microzoning of main cities as Vlora,
Durrés, Shkodra, Tirana, Korga, etj.

STUDIMI KOMPLEKS -
GJEOFIZIKO - HIDROKIMIK
I BURIMEVE KARSTIKE TE FUSHES SE BAJZES
NE RRETHIN E SHKODRES

Nexhip Maska Ndérmarrja Hldmg,eologp, Tu-ane
Péllumb Haxhiu ' rath % o ;
Genc Kallfa “ “ ; “

3

Analizohen rezuliatet e puniiﬁéve kompi =kse gjeofiziko - hidrokimike pér studimin e
dinamikés s€ lévizjes sé ujrave néntokésore tc urimeve karstike té fushés sé Bajzés né rrethin
e Shkodres. Nepcrm_;et studimit t& rezul(ateve té ariatizave hidrokimike dhe té vetive fiziko -
kimike té kétyre ujrave, té pﬂ'hames 58 auneoles sé gjurmuesve ambientalé e atyre kolori-
metriké, vértetohet se burimet qé derdben né kété sektor nuk kané lidhje midis tyre. Burimi
i Syrit té Ragamit dallohet pér cilési mé ¢ larta sé t& tjerst.” ™
) Me ané & gjurmuesve kolorimetrik u vértetua se Ligeni i Hurdhanave ka lidhje
hidraulike vetém me burimin e Syrit t€ Sheganit. Trasimi i rrugés néntokésore t& kétij burimi
u b& me ané t rilevimit t& pérhapjes sé fushés elektrike natyrore.

Né studim jepet modeli fizik mé optimal pér rezervuarin néntokésor midis Ligenit té
Hurdhanave dhe Syrit té Sheganit, mbéshtetur né rezultatet e punimeve komplekse.

Me ané té kétyre studimeve u arrit gé t& krijohet njé pérfytynm i ploté mbi origjinén
" eburimeve, té gjykohet mbi sektorét e veganté té drenimit dhe pér zonén e bashkimit té kétyre
sektoréve. Pér-burimin e Syrit t¢ Sheganit u trasua edhe rruga e tij néntokésore.

COMPLEX GEOPHYSICAL-HYDROCHEMICAL STUDY
OF KARSTIC SPRINGS TO THE BAJZA PLAIN
OF SHKODRA DISTRICT

The results of these complex geophysical - hydrochemical works are analyzed here
for the study of the groundwater flow dynamic of karstic springs of the Bajza plain at the
Shkodra district. The study of hydrochemical results and physical-chemical features of these
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Fig.1

waters, the scattering of the environmental tracers aureole and the fluorescent ones as well,
bears evidence to the fact that the springs that flow in this sector have no communication
between them. The Syri i Ragamit spring for the ﬁighcr features is distinguished.

With the aid of fluorescent traces (Rhodamine B) it is proved that Ligeni Hurdhanave
has a hydraulic communication with Syri i Sheganit spring only. Tracing of the underground
path of this spring is made by meaas of the self-potential survey method.

Here the optimal physical model of undergroundreservoir among Ligeni i Hurdhanave
and Syri Sheganit is given based on the results inferred from these complex works. With the
aid of these studies a clear idea about the origin of springs, has been conceived as well as on
ability to investigate different sectors of drainage and the connection area of these sectors as
well.
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ANALIZA KIMIKE E LANTANIDEVE
NE MOSTRA SHKEMBORE
ME FOTOMETRI TE EMISIONIT ATOMIK

Pranvera Dazo Ndérmarrja Gjeofizike, Tirané
Alqgiviadh Cullaj Fakultetii Shkencave té Natyrés, Universiteti i Tiranés

Lantanidet jané grup elementesh me interes né kérkimet gjeofizike e gjeokimike. Pér
natyrén e kétyre kérkimeve, ku tipet e mostrave jané té€ larmishme dhe numri i tyre i madh,
kérkohen metoda analitike t€ shpejta, me kosto t€ ulét, me ndjeshméri dhe saktési t€ larté.
Metoda e spektrometrisé sé emisionit atomik né flaké (SEAF) premton mjaft né kété derjtim.
Pérdoret flaka acetilen - protoksid azoti (A-N) q& &shté mjaft efikase pér ngacmimin e
elementeve refraktare.

Me metodén e pérdorur u arritén kéto pérfundime:

1. Né pércaktimet e Ln me SEAF, rekomandohet: ménjanimi i buferit t& jonizimit, pasi
jep mezatime shiritore interferuese; pérdorimi i flakés reduktuese A-N dhe vija analitike
spektrale e Ln jashté brezave té spektrave nolekular CN.

2. Vija 1=422,6 nm i pérgjigjet emisionit té Ce dhe mund t&€ pérdoret pér pércaktimin
e tij. Pér Tb rekomandohet té pérdoret vija 535,1 nm.

3.Saktésiae pércaktimit té Lnme SEAF, sipas metodés sé propozuar, éshté pérgjithésisht
e miré. Né disa raste rekomandohet rritja e sasisé s€ mostrés t&€ marré pér disgregim dhe
pérdorimi i metodés me shtesé standartesh.

4. Pérpikmériae rezultateve té fituaraéshté né rendin 5-10%. Ajo mund t€ konsiderohet
ekénagshme duke patur parasysh nivelet e pérqéndrimeve té€ Ln dhe pérdorimin e flakés A-
N.

5. SEAF éshté metodée sakté, e shpe;jté, me kosto té ulétqé lejon pércaktimin selektiv
t& Ln té veganté, prandaj mund té pérdoret me sukses né kérkimet gjeokimike e gjeofizike.

CHEMICAL ANALYSES
OF LANTHANIDES IN. ROCKS
BY ATOMIC EMISSION PHOTOMETRY

Lanthanides, Ln, are an elements group of great interest in geochemical and geophysi-
cal prospections. To accomplish the requirement of applying the prospection method, it is
necessary to use fast analytical methods, with low cost, high accuracy and precision. The flame
emission spectrometry (FAES) is very good one, with C;H/N,O (A-N) flame, to excite
refractory elements.



Experimental Instrumentation and reagents

The spectrophotometer type AAS-3 and Pye-Unicam SP-9 are used, fitted with A-N
burmer (5 cm slot).

All mstnmtnhl parameters are ﬁd’“stﬁ 0 obmm d strzught workmg curve through
the origin with as high slope is posslble iy

All chemicals are reagent grade Lo standard solutions are prepamd with Ln,O,
(KOCH-LIGHT 99,999%). The blank solutions are prepated too. Their matrix i’ the same
with the standard solutions.

" - Interferences and analytical lines

The ionization and spectral interferences are studied. We have used KCL as an
ionization buffer at2% HCL. After many observations, we have looked out that KCL; alkaline
and alkaline earth elements emitted band spectrum, which interfere the analytical time of
lanthanides, so we don’t use any ionization buffer.

We have used a narrow range of standards, to increase the accuracy of the calibration
curve (with many calibration points). '

An investigation of spectral interferences have demonstrated that some of Lanthanides
emitted band spectrum, which is characteristics of the excited Ln,0, and Ln(OH),. We have
used A-N reducing flame, and have seen clearly the decrease of this effect and the increase of
the intensity of Ln analytical lines (under these conaditions Ln don’t be oxited to Ln,0,).

Some of the recommended analytical lines are interfered with CN band spectra. We
have tried othérs analytical lines with minimal noise and without of their reciprocal
interferences.

Our results to Ce and Tb differ from the literature. We found out that the line 422,6 nm
of Ce is a most sensible one.

We have observed the emitted intensity of 0, 10, 20, 50 and 100 ppm Ce (422,6 nm).
There are two reasons, which confirmed that 422,6 rm is the Ce line.

a) If all the impurities of 0,001% (we have used CeO, 99,999% to prepare standard
solutions) would be Ca, the above standard solutions would contain 0,0601: 0,0002: 0,0005
and 0,001 ppm Ca, which are lower than the detection limit of Ca in FEAS.

b) We have used this line in AAS with Ca HCL (=422,7 nm, D =0,25 nm, A-N flame)
and have obtained a strong absorbing signal, which is attributed to Ce. If it is attributed to Ca,
it would be obtained clearly in A-A flame, where absorption is absent.

Even applying standard solution of 400 ppm Tb, it woos not possible to observe the
presence of Tb at recommended lines. We have followed the emission spectrum of Tb in 380:
680 nm with SCAN 2.5 nm/min and found out the line §35,1 nm withhigh intensity (compared
to blank solution). This line has a linear relationship between Tb emission intensity and its
concentration in standard solutions (till 10 ppm).

The results of experimental measurements

Wehave tried the accuracy and precision of the analysis by two synthetic samples (ST-
1 with Ln,0, = 1% and ST-2 with Ln,0, = 0,5 %) and two rack samples (unrhineralized
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tracheitis Pr-12 with Ln,0, =0,077% and Z-1 with Ln,0, =0,082% analyzed with ICP fromthe
University of Nansy, France), Each of thenbas Sr =5 - 10%,t__ <t =2,3 and
X-dX<);1<X+gX. rﬁicg..ﬁ;,.%‘* EFFRER AR RS S . |

The discutation of the results

The deviation X + Dx are very small, Every real value y,0ccur among this diapason
(P=95%), which is another test of the accuracy of the determination of Ln by FEAS. This result
is conferment by the fact thatt_ <t,, = 2.3. Some results of the Ln (Eu, Er, Ho, Dy, and Tb)
have not been good. This attributed their low concentration in the samples Pr-12 and Z-1 (near
theirdetection limit by FEAS). Werecommend toincrease the weight of the samples (to 5 time)
and to use the method of standard addition. The results wouid be good, which are confirmed
by the results of ST-1 and ST-2 samples.

The precision of our results, according.to relative standard deviation Sr, is 5-10%,
which wold considered good for two reasons:

a. the low concentration levels of Ln,

b. the precision 5-10% in FEAS with A-N flame, wold considered good refractory
elements.

Condusions

1. In SEAF determination of Ln, we recommend to neglect the ionization buffer,
because they interfere to Ln lines: to use reduced A-N flame and Ln analytical lines free from
refractory elements.

2. The emitted signal of the line 422,6 nm is attributed to Ce, and can be used to
determined it. We recommended the line 525,1 nm to determine Tb.

3. The accuracy and precision of the Ln by SEAF is relatively good We recommended
to increase the weight of the samples and to use the method of standard zddition to improve.
the accuracy and precision.

4. The precision of our results localized from 5% to 10%. It wou!d considered good with
A-A flame and low concentrations of Ln in these samples.

5. SEAF method is a good one, with low cost, which can used successfully for selective

determination of Ln elements and can be used in geochemical and geophysical prospections.
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CANO LIMON OIL FIELD,
COLUMBIA - A GEOPHYSICAL CASE HISTORY

Neville J. Mandelson Occidental de Colombia

In 1980 Occidental commenced exploration activities in the Llanos basin of the
northeastern Colombia. Exploration and production contrasts had been awarded for five
blocks comprising 50.000 km?. Between 1930 and 1983 over 4.000 km? of land and river
seismic were reccrded and 32 exploratory and stratigraphic wells were drilled culminating in
the discovery of the Cano Liinon oil field (RR1.12 billion bbls).

Drilling in the Llanos basin over the previous 40 years had met with only marginal
success. Exploration had been mainly target at structures in the western margin of the basin
and adjacent thrust belt that were formed as a result of the Andean Orogeny (Middle miocene
to recent).

The Cano Limon field is associated with apreviously unrecognized series of major NE-
SW tenting wrench faults of pre-Cretaceous age that extend across the northern Llanos and
into Venezuela. Reactivation of these wrench faults occurred during Late Cretaceous to Early
Oligocene forming two major updip fault-block traps and associated drag folds. Oil generation
and migration is believed to have taken place in the Late Eocene to Oligocene into reservoirs
of poorly consolidated deltaic sandstones of Cretaceous to Oligocene age, at an average depth
of 2.315 m.

For field development purposes, in 1985 a 30 seismic survey covering 140 km? was
recorded. Bin size was 25 x 50 m and a six fold stack was achieved. Following 30 migration
a significant improvement in seismic data quality and fauit resolution was realized compared
to existing seismic control.

While the main reservoir units have excellent lateral continuity overlying discontinu-
ous sands may contain significant stratigraphycally trapped reserves. Seismic attributes and
broadband trace inversion processing have been used in an effort to characterize these
reservoirs.

NJE RAST HISTORIK GJEOFIZIK
FUSHA E NAFTES KANJO LIMON-KOLUMBIA

Né vitin 1980 Occidentali filloi Aktivitetet e kérkimit né basenin Llanos té Kolumbisé
verilindore. Kontratat e kérkimit dhe prodhimit ishin dhéné pér pesé blloge gé pérfshinin
50.000 km?. Gjaté viteve 1980 deri 1983 u rregjistruan mbi 4.000 km? profil sizmik né stere
e lumenj dhe u shpuan 32 puse kérkimi dhe stratigrafiké, té cilét quan né zbulimin e fushés
sé naftés Kanjo Limon (rreth 1,12 bilion barila ose rreth 200 milion ton).

Shrimi, pér rreth 40 vjet mé paré, né basenin Llanos kishte takuar vetém né suksese
ti piesézhme. Kerkimi béhej kryesisht né strukturat e pjesés peréndimore té basenit dhe né



Simpoziumsi i Paré Kombatar i Gjeofizikés né Shqipéri 87

brezin mbulesor fqinj, q& ishin formuar si rezultat i orogjenit t& Andeve.

FushaeKonjo Limon shoqérohet nga njé séré prishjesh hedhése t&¢ médha me drejtim
VL - JP, té moshés para kretake, qé shtrihen kryq Llanosit verior deri né Venezuelg, té cilat
mé paré nuk njiheshin. Riaktivizimi i kétyre prishjeve hedhése ka ndodhur gjaté kretakut té
sipérm deri né oligocenin e poshtém, duke formuar dy kurthe té médhenj né blloget e ngritura,
né prishje dhe strukturat zvarritése shoqéruese. Gjenerimi dhe migrimi i nafiés mendohet se
ka ndodhur né eocenin e hershém, deri né oligocen, né rezervuaret ranor deltaiké té
¢imentuar dobét, té moshés kretake deri né oligocen, né njé thellési mesatare 2.315 m.

Pér géllimet e zhvillimit té fushés sé naftés né vitin 1985 u kryen vrojtime sizmike 3D,
qé mbuluan 140 km2, Pérmasat e rrjetit ishin 25 x 50 m dhe u arrit mbulimi gjashté fish. Duke
kryer migrimin 3D u arrit njé pérmirésim i dukshém i cilésisé sé t8 dhénave sizmike dhe i
dallimit té prishjeve né krahasim me té dhénat sizmike ekzistuese.

Ndérsa njésité kryesore té rezervuarit kané njé vazhdimési horizontale shumé té miré,
ranorét e mbivendosur me mospérputhje mund té pérmbajné rezerva té¢ médha té kurthézuara
stratigrafikisht. Né pérpjekjet pér dallimin ekétyre rezervuareve u pérdorén atributet e sinjalit
sizmik dhe inversioni né brez té gjéré i kanalit sizmik.



88 Ficst National 3 Gecphysic in Albania

2D PRESTACK
DEPTH MIGRATION
Philippe Julien TOTAL-CFP
Stefan Kaculini Tw  w

1. Introduction

The aim of seismic data processing is to help the interpreter to gain a better or easier
understanding of the subsurface from seismic data study. In-this approach. a very impostant
stage is probably migration. a process which reduces wave propagation effects. Prestack depth
migration is the ultimate in structural 2D processing. It is a good way to produce a correct
image of the subsurface it the presence of strony lateral velocity variations when the concept
of common mid - point breaks down. Imaging seismic reflectors of complex structures is
accomplished satisfactorily by the finite - difference method. Really, when lateral velocity
inhomczeneities are considered, particularly when velocity changes are rapid, the finite-
difference method becomes the most convenient and natural way to deal with these compli-
cation (Clearbout and Doherty, 1972; Schultz and Sherwood, 1980).

The 2D shot - geophone prestack depth migration (Denelle et al., 1985, 1986) proves
to oe effective and affordable on synthetic and real data whereafter stack migration fails to give
a proper image. However this requires prior knowledge of the propagation velocities i.e. the
shape and interval velocities of each layer. Now, ail authors agree to say that the most
important input information for depth migration procedures is the velocity distribution.
Generally, this information is only approximately known, and errors in the migration output
due to errors in the velocity input occur in a lot of practical applications. So the following
paradox has to be faced: performing a comect prestack depth migration requires that the main
features of the resulting seismic section 1n terms of layer geometry plus the interval velocities
within each layer be input as processing parameters. Faye and Jeannot (1986) proposed a
specific procedure to solve this problem. This procedure refines the velocities using depth
focusing analyses. Such an approach had already been introduced by Doherty and Clearbout
(1974) and by Yilmaz and Chambers (1984) for tume migraxon. The influence of velocity
errors on the focusing aspects of migration ha been theoretically studied by De Vries and
Berkhout (1984). More recently, some new developments have been derived by Julien et al.
(1988) who proposed a depth continuous velocity analysis method based on an automatic
picking of all the relative maxima of the whole focusing 3D block computed over an entire
seismic lize. In 1990, we deveioped some equations to update the velocity model in the case
of dipping layers.
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ome recall th tal . o

2D prestack depth migration and
~ on focusing analvsis

1. 2D prestack depth migration

The method presented Lere os only valid. 2d data. If the geological structure is not
cylindrically symmetric, waves arereflectedby structures outside of the vertical plane (defined
by the seismic line at the surface), and thu; introduces artifacts in the migrated sections. In
this case, reflections coming from outside the vertical plane will interfere with the one
propagating vertically. Moreover, tle velotity estimation will be perturbed by errors intro-
duced in the geometry of the problem. Thzse troubles could disappear if the problem was
processed as a three dimensional one. Thelast part of this report will be concemed by 3D
prestack depth migration.

The program which has been develoed is a (s, g) migration. it is based on two main
features.

- The extrapolation stage estimates the wavefield that would have been recorded at
several depths in the subsurface if each shet and receiver had been located at thesc depths.

- Tke imaging principlé, making use of all these wavefields, is used to derive the value
of the migrated wavefield at all the extrapc¢lated depths in the subsuriace.

_ 2. Focusing analyses
2. a. The interest of focusing analyses.

Migration requires prior knowledge of the propagation velocitics i.e. the skape and
interval velocities of each :stratum. The detaled variations in each layer need not to be known
as long as the ténds are described correctly.

A specific procedurs (i.£. the compuiation if focusing planes) bootstraps curselves vut
of this vicious circle. Focusing analyses (Yilmaz and Chabers, 1584), (Faye and Jeannot,
1986), (Denclle et al., 1987), (Julien et al., 1988) constitute a good tool to cosrect velocity
errors. Therefore, an iterative aoproach where the interpreter tries to update his mode! by
looking at the output d=pth section is used for reﬁnmg the macro velocity modét. This phase
is the most important one. It ailows the nterpreter to iniroduce into the system all the
knowledge he has on the areainorder to achizve the best reselt. This may include allafter stack
migrated sections, velocity analyses, well logs and VSP with or without offset.

It has been shown on synthetic and e=al data that the scheme converges to the correct
solution.

2. b. Definition of focusing analyses

During the field recording, the sourczs and the receivers lie at the surface -or near the
surface, in the case of marine acquisition-. After the sources (and the geophones) have been
downward continued (along the depth axis Z), offset zero: focusing has started. We define a
new referential where downward continuatiba is reduced to focusing: the propagation tile T
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is transformed into retarded tile Tr =T + Z/V.

When both sources and receivers have been downward continued to the exact depth of
the reflector, using the exact propagation velocity, the energy is perfectly focused at zero offset.
The stacking process implicit in the prestack migration is optimal. Starting with surface
recorded data in the (geophone, time) plane, the downward continuation process progressively
fills in the cube (geophone, time, depth). For a given shot point, a focusing analysis is defined
as the result at zero offset of the extrapolation of all the data at each depth and each time.
Focusing takes place at the maximum of the wavefield.

2. c. Use of focusing analyses

When migration is carried out with the exact velocity, the focused energy is located on
the imaging line. The imaging line is the geometric line carresponding to the imaging
condition (T = 0 or Tr = Z/V). At a downward continuation depth shallower than the exact
depth, focusing is incomplete. At a depth greater than the exact depth, the energy defocuses.

If prestack migration is performed with a velocity Vmig greater than V, two comple-
mentary phenomena take place:

- the diffraction operator focuses the energy at a greater rate than expected: complete
focusing is obtained at a shallower depth Zfoc than the actual depth Zreal;

- the depth migration images the reflector at depth Zmig greater than the actual depth
Zreal.

If migration is carried out with a velocity Vmig lower than V, we observe the opposite
effects.

It can be shown that:

Zreal - Zmig = (Zfoc - Zmig) / 2.

This equation is valid for small offsets and horizontally swatified medium. This
approximate relationship tells us where to pick the actual depth of the reflector: half way
between the focusing and migration points.

A global strategy can be used to modify the velocity model. Not all the layers are
considered at each iteration. A layer stripping approach is used to suppress first the effects of
the shallower layers. This means that the first model may be as simple as a one layer model
to image the first reflector. When the user is satisfied, this layer is frozen, with all its
parameters. Then another velocity layer is created below. This is repeated down to the botiom
of the model. This approach is motivated by the physics of propagation. Of course, if we stast
with a good velocity model, less iterations will be necessary to converge towards the final
correct macromodel.

ITI. Continuous velocity analvsis:
ivati new v ity
fi ipping
1. Goal of the method

Until now, few focusing analyses were computed and the interactive picking of relative
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maxima (on some focusing planes) was made difficult by the poor density of analyses.
Therefore, it was difficult to achieve geological coherency by correlating the horizons from
one analysis to the other and too simple velocity models were obtained. Moreover, the manual
picking of maxima was time consuming and tedious.

The aim of this research is to provide a faster and more accurate reethod for refining
the macro velocity model. First, the most representative maxima of all the focusing planes are
automatically picked in the whole tree - dimensional focusing block and gathered in paths.
Hence, lateral velocity variations are better described and iterations are faster. The geophysi-
cists updates both the geometry of the interfaces and the interval velocities (between these
interfaces). Hence, he has the possibility to achieve a better interpretation by using compre-
hensive velocity horizons. In such a way, the full prestack depth migration ability to take into
account lateral velocity variations is completely used. Besides, multiples may be directly
discriminated.

This research had been initiated in 1988 (Julien et al., 1988). In the automatic picking
developed in 1988, each point of a path was the real maximum of an energy spot. This was not
good: as a matter of fact, it has been proved that the maximum of a focusing spot is not exactly
located on the imaging line. This is due to the paraxial approximation of the wave equation
that is used in the computation of the focusing planes. As a result, the first automatic picking
we have implemented was giving noisy paths with a high frequency noise and the new velocity
model was equally noisy. In order to remove this problem, we have developed a new method
for picking automatically the relative maxima of the 3D focusing cube (Shot Point, Zmig.,
Zreal - Zmig). In this new method, a point of a path is not necessarily located at the maximum
of a focusing pick and we emphasize the continuity of the shape of focusing spots, the
continuity properties and the likelibood of the paths.

2. Presentation of the new method

First, we assume that analog a same path, focusing spots have almost similar shapes.
Second, we assume that the amplitude of the spots and the dip of the reflectors vary
continuously in a path. We search the longest paths which best satisfy these a priori. A Markov
field based approach is used to find smooth paths connecting focusing spots in the whole 3D
focusing block.

2. a. Modeling of the spots

The modeled spots are centered on the local relative maxima. Each focusing spot is
characterized by 6 parameters: the 2 coordinates of its center, its orientation P, 2 indicators
of spread and its global energy M.

This modelisig has been chosen because it allows to evaluate the energy spots and to
compare different focusing picks. However, this gaussian modeling is not perfect: gaussian
surface cannot be fully observed on the data. As a consequence, M is unknown. That os why

we chose to adapt truncated gaussian surfaces.
For each spot, we adjust in a window the best gaussian to the data through an iterative

way. Enlarging the size of the window, we compute the 6 parameters of the gaussian shaped



.52 Fusl Nmewqum*m Jn Albanig ,
VU SO SUIC T - ] stwmme T T T . Hen ©
surface that minimize the distange (ia.thg semse of Kullbagk) between the observed:and.the
computed data. The Kullback distance is well adapted. to measure the difference between 2
gaussian laws. In the case of 2 distributions p, and p,, the Kullback distance L (p,; p,) is defined

by:
L®,p,) = Max(I(p,p,), I(p,.p,)]

where: " I(p,p,) =[p,(u)Log () du

2.b. Bayesian determination of the path

At this stage of the computation, the dataset is composed of several gaussian shaped
surfaces in a 3D focusing block (x,y,z). x,y and z may be respectively the migration depth, the
depth error and the shot axis for instance.

At each location s of the cube, we define a 3D pointer w = (a,b). If s belongs to a path,
a and b are the coordinates of the next point of the considered path (i.e. the point of the
considered path belonging to the next focusing plane). If s does not belong to a path, a is fixed
to 0. A path is a set of pointers. A solution of the problem is a set of paths.

For each set of paths, a global energy function U(w,g) is compused. This real function
U depends on the data g and on the unknowns w. We recall that the data are now composed
of the modeled spots. U is the cost function computed with the available a priori knowledge.
This energy may be used to derive a probability distribution P(wlg). It can be shown that
maximizing the global probability density P corresponds to maximizing all the local
probabilities defined in subsets of the whole focusing cube (this is the definition of a Markov
field). The a priori knowledge is composed of several simple ideas such as:

1. The probability of a path is large if the average energy of the different 2D gaussian
spots of the considered path is large.

2. The probability of a path is large if the considered path is continuous.

3. The probability of a path is large if the flexibility ( a measurement of the spatial
oscillations) of the considered path is low.

4. The probability of a path is large if the focusing spots have similar shapes.

5. The probability of a path is large if the there is no crossing with another path.

6. The probability of a path is large if the there is no sudden change in the direction of
the considered path.

All these criteriz have been implemented. Now, they are fixed. The weights given to
these criteria have been optimized to provide the best possible results on the preliminary tests
with real data. As a consequence the number of the parameters is minimized so the use of the
program is easy.

Finally, only the paths greater than a given length or defined by large spots (gaussian
surfaces corresponding to a large amount of energy) are selected.
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ANALIZAT E AMPLITUDAVE,
ZGJEDHJA E RREGJISTRIMEVE
DHE MIGRIMI PARA MBLEDHJES
I TE DHENAVE TE REFLEKTIMEVE
TE THELLA SIZMIKE

A. Bitri, Ecole et Observatoire de Physique du Globe, Strasbourg, France
D. Rappin, ” ” A1) ” ” ”
J. M‘ Manhelot ” " ” ” "

Aspekti jo i vazhduar i reflektimeve t& thella té kores, né pretjet sizmike té mbledhura
té profileve franceze ECORS n2, ka cuar né studimin e regjistrimeve faktike (origjinale), né
grupimet me amplitude té vérteté té pikave té plasjes. Ne pérpiqemi t&€ nxjerrim informacione
plotésuese drejtpérdrejté nga grupet e piasjeve népérmijet analizés sé hollésishme (t&
detajuar) té amplitudave dhe pérmbaijtjes frekuenciale té té dhénave.

Pér gdo grup plasjesh éshté pércaktuar njé lakore statistikore e varésisé s¢ amplitudés
nga koha. Eshté supozuar (pranuar) se kjo lakore &shté shkaktuar nga kombinimi i zhurmave
té mjedisit (me amplitudé konstante), energjia e shpémdaré (e quajtur zhurma e burimit) dhe
hyrjet(valét) e reflektuara (né zonén e tyre té Fresnelit). Ky supozim ¢on né modelin e lakoreve
té shuarjes népérmjet njé funksioni q& varet kryesisht nga dy parametra:

- faktori i shpémdarjes gjeometrike,

- faktori Q i shuarjes fizike t&€ dukshme.

Modelimi u b& me model shumé - shtresor dhe jep tre prerje:

- prerjen e kohés sé shpémdarjes gjeometrike,

- prerjen e kohés té faktorit Q,

- prerjen e kohés s& shuarjes mbetése (diferenca midis amplitudés s& vrojtuar dhe asaj
té€ modeluar).

Né kété prerje kohe béhet e mundur t& nxirren né pah disa njésime strukturore qé nuk
shfagen né prerjet e mbledhura. Prerja e shuarjes mbetése mund t€ interpretohet si prerje
e reflektueshmérisé po ge se njé koeficient reflektimi mund té shogérohet me njé ngjarje
reflektimi. Ky studim lejon kompensimin e shuarjes né t&¢ dhénat népérmjet njé funksioni
analitik. Pérpunimi &shté pérshtatur miré pér t& dhénat e reflektimeve té thella sizmike, duke
ruajtur amplitudat relative né kohé dhe zhvendosjes (ofsetin), né té kundért me rastet kur
2akonisht pérdoret AGC. (Kontrolli automatik i pérforcimit KAP). Kjo siguron grupet e
plasjeve me kontraste t& mira ndérmjet sinjalit dhe zhurmés. Ky kontrast mund té pérmirésohet
me adihmén e filtrit frekuencial dhe té reduktimit automatik t& amplitudave (né rastet kur
zhurmat lokale jané& shumé té fugishme).

Pér profile sizmike me MVR procedura e mbledhjes CMP (sipas pikés sé pérbashkét
t€ mesit) mund t&€ mos pérshtatet miré pér shkak se:

- kualiseti i grupeve i€ plasjeve éshté shumé i ndryshueshém;

- ngjarjet reflektuese jané supozuar té€ kené shtesé kobe normale hiperbolike t&



Simpoziumi i Paré Komb¥tar i Gjeofizikés né Shqipéri 95

vazhdueshme;

- zgjatja anésore e CMP (mbledhjes me piké mesi té pérbashkét) né kufijté e pjerrét, me
-qé gérshetet e regjistrimit g¢ pérdoren jané té gjata;

- shtesa normale e kohés &shté njé proceduré zgjedhése e pjerrét.

' Pér kéto arsye, me & dhénat e ECORS, &éshté zbatuar njé mérgim né thellési para
mbledhjes, qé konsiston né tre procese (operacione):

- ekstrapolimi poshté (né thellési) i fushés valore &€ regjistruar;

- llogaritjet e kohés sé kalimit né njé drejtim (vajtje) nga burimi tek ¢do piké né mjedis;

- zbatimi i kushteve té imazhit (paraqitjes).

Zhvendosja fazore plus korrektimi pérdoret pér ekstrapolimin né thellési té fushave
valore té rregjistruara dhe metodat e diferencave & fundme pérdoren pér té llogaritur kobén
e kalimit vetém né njé drejtim (t). Kushtet e imazhit (paraqitjes) jané nxjerré né-p&mmjet
shumézimit t€ fushés valore t€ ekstrapoluar me exp(i,) n¢ fushén hapésiré-frekuencé. Hyrjet
né kété proces jané grupet e pikave t¢ plasjes, pas rimbulimit t€ amplitudés nép&€rmjet zbatimit
té njé funksioni analitik dhe njé makromodel té shpejtésive, i fituar népérmjet modelimit me
metodén e diferencave té fundme, kohét e hyrjeve té ngjarjeve reflektuese né grupet e pikave
té plasjes. Daljet jané grupet e plasjeve té mérguara né thellési. Paragitja e CRG (Common
receiver gather = grupet me pranim t€ pérbashkét) pas mérgimit tregon pér kualitetin e
rezultatit: me njé makromode! té sakté (korrekt), té gjitha ngjarjet horizontalisht. Analiza e
CRG tregon se gabimi né modelin e shpejtésisé éshé mé pak se 5%. Gjithé plasjet e mérguara
nblidhen me njé algoritém té pedhuar dhe japin direkt njé prerje thellésie té mérguar, qé
paraget mé shumé informacion se sa prerja klasike e mbledhur ose prerjet ¢ mérguara pas
mbledhjes pér koren e mesme, ku shtrihen objektet tona.

AMPLITUDE ANALYSIS,
RECORD SELECTION AND PRESTACK
MIGRATION OF DEEP REFLECTION SEISMIC DATA

The discontinuous aspect of desp crustal reflections on stacked seismic sectioas of the
french ECORS profiles has led us to study of original records, the true amplitude shct point
gathers. We try to extract complementary informaticn directly from the shot gathers by a
detailed anaiysis of the amplitudes and the frequency content of the data.

For each shot gather one curve of the amplitude versus time is statistically determined.
This curve is assumed to be due to a combination of ambient noise (constant amplitude),
scattered energy (called source noise) and reflected arrivals (on their Fresnel zone). This
assumption aliows the modelling of the attenuation curves by a function depending upon two
parameters:

- the geometrical spreading time section,

- the Q factor of apparent physical attenuasion.

The modelling is done with a multi-layers model and yields three sections:

- the geometrical spreading time section,

- the Q factor time section,
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- the residual attenuation time section (dnfference between observed and modelled
amplltude)

It is possible in this time sections to pOmt OLt some Stmctural tinits that do not appear
on the stacked section. The residual attenuation section can be mterpreted in term of reflecivity
secticn it one reflection coefficient can be associated with cne reflection event. This study
allows the compensation of the attenuation in !he data by an analytic funcnon This processing
is well adapted to deep reflection seismic data as it preserves the relative amplitude in the time
and offset, in contrast with the AGC usually applled It provides shot gathers with good
contrast between signal and noise. This contrast can be improved by a frequency filtering and
an automatic amplitude reduction (in the case of strong local noise).

For the deep reflection seismic profiles the CPM stacking procedure may not be weil
adapted because:

- the quality of the shot gathers is quite variable,

- the reflection events are assumed to have continuous hyperbolic move out,

- the lateral smearing ‘of the CMP on dipping reflectors is large since the recording
spreads used are long,

- normal move out is a dip selective procedure.

For these reasons, we apply to ECORS data a prestack depth migration that consists
on three operations:

- downward extrapolation of the recorded wave ficld,

- computation cf the-one way travel time from the source to each poim in the medium,

- application of the imaging condition. A

The phase - shift plus comrection is used for the downward extrapélation of the recorded’
wave field the finite differences method is used to compute the one way travel times (t,). The
imaging condition is carried cut by the multiplication of the extrapolated wave field by exp(i )
in the space - frequency domain. The inputs to this process are the shot point gathers, after the
recovering of the amplitude by the application of an analytic function, and a macro model of
velocity obtained by modelling, with a firite differences method, the arrival times of reflection
events on shot point gathers. The outputs are the depth migrated shot gathers. Images of CRG
(common receiver gather) after migration indicate the quality of the result: with the correct
macro model 4l events are aligned horizontally. The analysis of CRG shows that error on the
velocity model is less than 5%. All migrated shots are stacked with a weighted algorithm and
yield directly a depth migrated section that presents moee information than the classical
section or the post stack migrated section for the middle crust where our targets lie.
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ANALIZA E TRASESE SIZMIKE KOMPLEKSE
DHE INTERPRETIMI STRATIGRAFIK:
SHEMBULLI I BASENIT TE RAGGATT-IT
(PLATOJA KERGUELEN)

FatmirFezga, EcoleetObservatoire de Phyanue duGlobede Strasbourg, France
Bernard Fritsch " " " "

Platoja Kerguelen, né jug té Ogeanit Indian, éshi€ nga strukturat mé té médha
nénujore té Ogeanit Botéror. Ajo shtrihet rreth 2.000 km VP - JL midis 46°J - 64°L dhe 63°J
- 90°L, me gjerési mesatare 450 km.

Plateja Kerguelen ka qéné e ndaré né dy pjesé (fusha), pjesa veriore me thellési mesatare
1.000 m e mibihedhur nga ishujt Kerguelen dbe tlear Mac Donald, pjesa jugore, ndérmjet 57°J
dhe 67°J, ku thellésia ndryshon nga 1.000 - 3.000 m. Kjo pérmban (pérmbledh) basenin e
Ragatt-it, njé basen i gjéré sedimentar me trashési mbi 3.000 m. Njohja e kétij baseni
mbéshtetet kryesisht mbi té dhénat sizmike té valéve té reflektuara me mbulim shuméfish. Né
mbulesén sedimentare jané dalluar shumé sekuenca depozitimesh, q€ jané grupuar né dy
megasekuenca: megasekuencat e kretakut dhe paleogen neogenit. Eshté propozuar njé model
shpejtésish akustike, valét e té cilave 1ékunden nga 1,65 km/sek né 3,3 km/sek, nga tavani né
bazén e sedimenteve. Pre kosén akustike éshté zgjedhur njé shpejtési gé ndryshon nga 3,8 kan/
sek n€ 5 km/sek.

Né basenin e Ragatt-it gjaté vitit 1988 u shpuan dy puse t€ thella t&¢ vendosura né
thellésing 748, né krahun perendimor té pellgut, dhe né pikén 750 t& krahut lindor. I pari arriti
rrjedhjet e erroduara té llavés, kurse i dyti arriti koren bazalitike. Té dhénat e puseve lejuan
t€ saktésohen origjina e platesé dhe evolucioni i saj.

Pre puset né pikat 748 dhe 750 duke pérdorur shpejtésité e fituara nga matjet e
drejtpérdrejta o€ kampione ose nga diagrzfité e puseve, jan€ llogaritur trashésité sizmike
sintetike. Matjet e shpejtésive me kampione jan€ korrigjuar pér “dekompaktésimin” duke
pérdorur njé ligj t& varésisé eksponenciale té porozitetit me thellésin€é. Kéto korrigjime u bé
e mundur té kalohen né pusin 750 népérmjet diagrafive. Trashésité sintetike t& llogaritura
mbi bazén e matjeve té korrigjuara lejuan qé t€ dbénat e thellésisé t&€ shndérrohen né té dbéna
né kohé pér cdo pus. Né vazhdim u bé korrelimi midis prerjeve sizmike dhe kolonave litio
- stratigrafike t& pérshkruara sipas t€ dhénave sizmike. Ky proces béri t& mundur indetifikimin
e reflektimeve sizmike gé u korrespondojné ngjarjeve t€ shénuara litologjike, té vrojtuara né
kolonat sedimentare.

Pér ta pérmirg&suar tabloné sizmike dhe pér t€ nxjerré sa mé shumé informacion prej
saj u béné pérpunime sizmike, g€ ruajné njé brez t€ gjéré frekuencial dhe njé analiz€ e rasesé
komplekse sizmike. N& vazhdim paragitja me ngjyra e prejreve té atributeve lehtésoi
ndjekjen e variacioneve té karakteristikave sizmike midis dy pjeséve té puseve. Mé tej,
llogaritja e pseudo - logut t& shpejtésisé mbi bazén e traseve sizmike me amplitude t& ruajtur,
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béri t& mundur vierésimin e variacioneve t&€ impendancgs akustike dhe ndjekjen e inversionit
» t& shpejtésive gjaté basenit.

Interpretimi i atributeve t€ trasesé sizmike komplekse dhe t€ prerjeve té pseu-
doshpejtésive, krahas traseve sizmike konvencionale solli né rezultate plotésuese. Ngjarjet
sizmike, duke shprehur njé ndodhi litostratigrafike, u ndogén nga peréndimi né lindje gjaté

"gjithe basenit té Ragatt-it. U indetifikuan teté sekuenca té depozitimeve duke studiuar lidhjet
ndérmjet reflektimeve sizmike dhe karekteristikave té€ tyre. Variacionet e amplitudave, t&
frekuencave dhe té shpejtésisé u ndogén né sekuenca té ndryshme sizmike. Kéto variacione
u kthyen p€ variacione litilogjike. Ky interpretim statigrafik lejoi q&€ népermjet ekstrapolimit
hapsinor t& informacionit gjeologjik, t& marré nga puset, t& p&rcaktohen cilét sedimentaré dhe
diskordancat gé kané pércaktuar historin€ tektonike dhe evolucionin sedimentar té basenit.
Kéto rezultate kané lejuar t& shpegohet diferenca e sedimenteve té kretakut t& pjeséve lindore
e perendimore té basenit me dy episode té riftimit, i pari, né lindje t& basenit, qé ka mbaruar
prej 88 milion vjetésh dhei dyti né peréndim 18 basenit, qé ka mbaruar prej 66 milion v jetésh
lindje) g€ shurihet mbi SO0 km mbi kufirin peréndimor t€ basenit té Ragattit, né njé drejtim
veri - jug.

ANALYSE DE LA TRACE SISMIQUE COMPLEXE
ET INTERPRETATION STRATIGRAPHIQUE:
EXAMPLE DU BASSIN DE RAGGATT
(PLATEAU DE KERGUELEN)

Le pleteau de Kerguelen, dans le sud de I’ocean Indien, est 1'une des plus larges
structures sous - marines de 1'ocean mondial. il s’etend sur environ 2.000 km dans une
direction pord - ouest sud - est entre 46°S - 64°E; sa larguer moyenne est d’environ 450 km.

- L' origire et la structure du plateau de Kerguelen a fait 1’objet de nombrense etudes et plusieurs
bypotheses ont ete formulees; selon les auteurs il pourrait etre le resultat d’un soulevement
thermiques de la croute oceanique, d’une croute continentale amincie lors d’un processus de
rifting ou d'un volcanisme intense en limite de plaques lors de la separation de 1’Inde, de
I’ Australie et de I’ Antractique.

Le plateau de Kerguelen a ete divise en deux domaines: la partic nord d’ une profondeur
moyenne de 1.000 m, surmontee par les iles de Kerguelen et Hear Mac Donald; la partie sud,
entre 57°S et 64°S, ou la profondeur varie de 1.000 m a 3.000 m. Ceite partie contient le bassin
de Raggatt, un large bassin sedimentaire de plus de 3.000 m d’epaisseur. La connaissance de
ce -bassin repose pour I’essentiel sur des dennees de sismique-reflection multitrace. Sur ces
coupes sizmiques, le socle acoustique a ete defini comme la reflexion organisee Jja plus
profond'e Plusieurs sequences de depot ont ete reconnues dans la couverture sedimentaire et
ont ete groupees en deux megasequences: les megasequences d’age Cretace et Paleogene-
Neogene. Un modele de vitesse acoustique dont les valeurs varient de 1,65 km/s a 3,3 km/s du
toit a la base des sediments a ete propose. Pour le socle acoustique une vitesse varient antre



Simpoziumi i Paré Kombétar i Gjeofizikés né Shqipéri 99

3,8 km/s et 5,0 ks a ete propose.

Deux forages profonds ont ete realises en 1988 dans le bassin de Raggatt (Ocean
Drilling Program, Leg 120); il s’agit du site 748 sur le flanc ouest du bassin et du site 750 sur
le flanc est. Le premier a atteint des coulees de laves erodees et le second 2 atteint le scole
basaltique. Les donnes de forage ont permis de preciser 1’ origine du plateau et son evolution:
le plateau s’est mis en place a I’ Albien (110 Ma) lors de larges epanchements de laves
basaltique. Apres un episode d’erosion les basaltes ont ete recouvert par des sediments de
milieu fluviatile. Au Cenomanien la sedimentation devient franchement marine et la
profondeur s’accroit jusque 1.000 - 2.000 m a I’est du bassin. Par contre 1’ouest du bassin
demeusre sous une faible profondeur d’eau jusqu’a la fin du Maestrichtian. Depuis la fin du
Paleocene la sedimentation devient completement marine sur I’ensemble du bassin. La
dissymetrie de 1a sedimentation au Cretacee entre I’est et I’ouest du bassin pose le probleme
de la correlation et du suivides sequences a travers le bassin. De plus, une inversion
d’impendance acoustique a ete mise en evidence sur les flancs ouest (site 784) et est (site 750)
du bassin. Cette inversion d’impendace n’est pas habituelle dans le milieux sedimentaires
marins pour lesquels la vitesse acoustique et la densite des sediments augmentent generale-
ment avec profondeur.

Des traces sismiques synthetiques ont ete calculees aux sites 748 et 750 en utilisant les
valeurs de vitesse obrenues par mesures directes sur les carottes ou par diagraphie dans les
forages. Les mesures sur carottes ont ete corrigees de 1a “decompation” en utilisant une loi de
variation exponentielle de 1a porosite avec la profondeur. Ces corrections ont pu etre calees
par les diagraphies au site 750. Les traces synthetiques calculees a partir des mesures ainsi
corrigiees ont permis de relier donnees - profondeur aux donnees - temps en chaque forage.
Par la suite 1a correlation entre les coupes sismiques et les colonnes litho - stratigraphiques,
dacrites apres forages, a ete faite. Cette operation a rendu possible 1'identification des
reflexions sismiques correspondant a des evenements lithologiques remarquables observes
dans la colonne sedimentaire.

Afin d’ameliorer I’image sismique et d’en extraire plus d’information un traitement
sismique conservant un large spectre frequentiel et une analyse de la trace sismique complexe
ont et2 effectues. Par la suite, la presentation en couleur des coupes des attributes a facilite le
suivi des variations des caracteristiques sismiques entre les deux sites de forage. De plus, le
calcul des pseudo - logs de vitesse, & partir des traces sismiques en amplitude preservees, a

‘rendu possible I’estimation des variations d'impendance acoustique et le suivi de I’inversion
de vitesse a travers le bassin.

L’interpretation des attributs de la trace sismique complexe et des coupes de pseudo-
vitesses, en plus des traces sismiques conventionnelles a apporte des resultats complemen-
taires. Les evenements sismiques ayant une signification litho-stratigraphique ont ete suivis
d’ouest en est a travers tout le bassin de Raggatt. Huit sequences de depot ont ete identifiees
en etudiant les relations entre les reflexions sismiques et leur caracteristiques. Les variations
de I’amplitude, de l1a frequence et de la vitesse ont ete traduites en variations litholigiques.
Cette interpretation stratigraphique a permis par extrapolation spatiale de I’information
geologique, apportee par les forages, de dater les cycles sedimentaire et les discordances qui
ont marque ! histoire tectonique et ’evolution sedimentaire du bassin.

Ces resultats ont permis d’expliquer la difference de sedimentation cretacee des parties
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est et ouest du bassin par deux episode de rifting: un premier a I’est du bassin, se terminant
a 88 Ma et un deuxieme al’ouest du bassin se terminant a 66 Ma. Ce dernier evenement est
clairement lie a I’apparition d’un large graben (graben du 77°Est) qui s’etend sur plus de 500
km, sur la limite ouest du bassin de Raggatt, dans une direction nord-sud.

COMPLEMENTARY DEEP SEISMIC,
GRAVITY AND SUBSIDENCE STUDY
IN SEDIMENTARY BASIN ENVIRONMENT:

THE CELTIC SEA BASINS
J. Dyment Ecole et Observatoire de Physique du Globe, Strasbourg,
France
M. Bano Ndérmarrja Komplekse e Gjeofizikés dhe Gazit, Fier,
Shqipéri

The deep seismic reflection method provides images of the whole crust and allows an
integrative study of the crustal phenomena related to the formation of sedimentary basins.
Different approaches, which are in fact complementary, can be adopted. This paper intends
toreviewsuch different methods applied to the Celtic Seaarea, using the SWAT (South West
Approaches Traverse) 2 to 5 deep seismic reflection profiles. These profiles, acquired by
BIRPS and ECORS in 1983, represents three transects across the deep Meso-Cenozoic Celtic
Sea Basins.

The conventional approach of the deep seismic data interpretation, similar to the
industrial technique, is based on a manual picking of laterally coherent reflections on the
processed data. Indastrial seismic and well data, and available geological subcrop maps, were
involved in the determination of sedimentary sequences and faults, and the interpretation of
Paleozoic thrusts and other deep crustal reflections. Such a method results in line-drawings
along the profiles.

Additional geophysical data, such as wide-angle seismic experiments or potential field
data can be used to constrain the interpretation. In and around the Celtic Sea area, only few
refraction data assess the Moho depth. Complications of the available magnetic and gravity
data were also realized. Consistency of gravity modelling with depth converted seismic line-
drawings under the Celtic Sea Basins comforts the crustal structural interpretation under these
basins.

An other way to enlarge the field of our investigations lies in the seismic data
themselves. Subjective picking of the reflections can lead tc neglect information included in
the data. Also, appliance of conventional migration is often quite disappointing, implying a
lack of directly interpretable sections. Bano (1989) developed complementary processing
methods adapted to deep seismic data, in order to provide objective extraction of reflections
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and migration adapted to deep seismic data. A more accurate géometry of the Celtic Sea Basins
and their relation to the crustal structures is obtained.

The subsidence history of the celtic sea Basins was analyzed by back stripping method.
The residual subsidence curves of these basins display a linear tectonic subsidence followed
by an exponential thermal subsidence. In order to estimate stretching coefficients, we
compared these curves with theoretical curves computed in the framework of the McKenzie
(1978) model. The stretching coefficients obtained by this method are significantly higher
than the thinning coefficients issued from the geometry, which lead to question the validity
of the existing models of basin formation for the Celtic Sea Basins.

This study clearly demonstrates the advantages of multi-methods approaches in
geophysical investigations, and underlines the interest of deep seismic data to understand the
basin formation and evolution. Such studies help to constrain basin modelling and evaluation
of their hydrocarbon potential.





