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ABSTRACT

The paired ophiolitic belts of Albania are characterized by two contrasting stratigraphic and compositional signatures. Whereas the Eastern belt shows
thick sequence with IAT affinity, the Western ophiolites are characterized by a MOR-type sequence with a thickness not exceeding 4 km.

The western Mirdita ophiolite includes a mantle section overlain by a gabbroic complex consisting of cumulus dunites, melatroctolites, troctolites, norites
gabbros, diorites, Fe-Ti ox-gabbro-diorites with minor plagiogranites. The gabbroic complex, that everywhere shows a reduced thickness, is overlain by
sheeted dike complex with MORB affinity. The cumulus pile, from layered melatroctolites to diorites, is characterized by magmatic flow-related structures,
such as foliation and lineation. The magmatic foliation is cut at low angle by mylonitic shear zones with high-T amphibolite facies assemblages. The she
zones are generally recognized in the lower-middle part of the gabbroic complex, whereas to the top of the sequence the brittle deformation prevails. The r
lonitic shear zones are cut in turn by basaltic dikes and plagiogranitic bodies. The intrusion of basaltic dikes with IAT affinity represents a later magmatic
event, that suggest a change in geotectonic environment.

On the whole, igneous and metamorphic features, as well as the thickness and composition of the basaltic cover on gabbros, support that the western
of Albanian ophiolites representative of a ridge with intermediate spreading rate.

INTRODUCTION

A complete ophiolite sequence consists of several dis-
tinct layers that are also inferred in modern oceanic crust
(Coleman, 1977). From the bottom up, the sequence con
sists of Iherzolite and/or depleted harzburgites, layered ul- « ]
tramafic rocks, layered and isotropic gabbros, dike complex, / RS W
effusive and sedimentary cover. However, important differ- x ALBQN,'A}{'%%
ences in the thickness and architecture of the ophiolite se| srupy area g wriclnen | ITALY \K\ N g
quences can be recognized, mainly depending on their origi Rub Ny | o N
nal setting in a fast or slow-intermediate spreading rate éﬁ GREECE-H
ridge. Reduced thickness of the sheeted dike complex, ex 1
tensive deformation in the gabbroic complex, limited occur-
rence of the basaltic cover, gabbros intruding depleted man
tle tectonites, periods of magmatic accretion alternated with
amagmatic - expansion, higher degree of ridge segmenta
tion, are some prominent features that characterize slow
spreading ridges, compared to fast ones (Karson and Dick
1983; Boudier and Nicolas, 1985; Karson et al., 1987; Nico-
las, 1988; Karson and Winter, 1992, Madge and Sparks
1997).

Some features are very difficult to be recognized in the
subducted complexes, due to the occurrence of ophiolite se o
quences as dismembered, generally deformed and metamao
phosed slices in orogenic belts. By contrast, complete ophi-
olite sequences with well preserved transitions among the ?
different layers are generally observed in the obducted sec| .., | |
tions of oceanic lithosphere.

In Albania, the Jurassic ophiolite sequences occur as
fragments of oceanic lithosphere obducted from a MesozoicFig. 1 - Geological sketch map of Albania. 1: Neogene-Quaternary de-
Tethyan basin(s), located between the Eurasia and Adri¢Posits of the Periadriatic trough (Q1); 2: Neogene-Quaternary deposits of

- L . - _ the Albano-Thessalian trough (Q2); 3: Pre-Apulian Zone; 4: lonian Zone;
plates. The Albanian ophiolites are divided in two, north 5: Kruja Zone; 6: Tertiary Flysch of Peshkopi Window; 7: Vermoshi Zone;

8: Gashi Zone; 9: Krasta-Cukali zone; 10: Korabi zone; 11: Permo-Trias
o o ) ) ) gypsum; 12: Albanian Alps; 13: Rubik Complex; 14: Mirdita ophiolite
°Mirdita Ophiolite Project, contribution N°11 nappe. The location of the area of Fig. 3 is boxed.
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south trending belts, respectively the Western and the East
ern ones, showing different lithostratigraphic and petrologic
features (Shallo et al., 1987; Shallo, 1992; 1994; Beccaluve EASTERN BELT
et al., 1994; Bortolotti et al., 1996). Eastern ophiolites are (Maximum Thickness 6-8 Km)
interpreted as oceanic lithosphere derived from a Supra-
Subduction Zone (SSZ) environment, whereas the Westerr
ones as a lithosphere generated at a Mid-Oceanic Ridge.
The Western Albanian ophiolites provide an exceptional
opportunity to study the different layers and their relation-
ships compared to the modern mid-ocean ridge analogous
In this paper a set of geologic, stratigraphic and petrochemi-
cal data on the gabbroic complex of the Mirdita ophiolite is
presented, and its emplacement and evolution in the lowel
oceanic crust is discussed.

Firza Flysch and Simoni

Melange

Radiolarian Cherts

Andesites, Dacites, Rhyodacites
and Rhyolites

Low-Ti and Very Low-Ti Basalts,
Basaltic Andesites and Andesites
(Pillow & massive lavas)

Sheeted Dike Complex

Quartz-Diorites and Plagiogranites

GEOLOGICAL SETTING
Within the Alpine belt in the Eastern Mediterranean, Al- Isotropic and layered gabbros
bania is interpreted as the linkage between the Dinarides
and the Hellenides (Aubouin and Ndojaj, 1964; Aubouin et
al., 1970). This sector is characterized by the occurrence o
widespread ophiolitic sequences, remnants of a Jurassi
Tethyan oceanic basin, located between the Adria (=Apulia)
and Eurasia plates (Fig. 1). This Tethyan basin developec Harzburgites (with Chromitite pods
throughout a continental Mid-Late Triassic rifting and the and Dunite lenses)
following Early Jurassic spreading and drifting phases along
the northern margin of the Gondwana. The Tethys oceanic
lithosphere underwent a Middle Jurassic - Early Cretaceous
subduction and obduction, followed by continent-continent
collision. The suture zone formed during the progressive
closure of the Jurassic Tethyan oceanic basin is representeu
by the Bosnian, Serbian, Albanian and Greek ophiolitesig. 2 - Generalized stratigraphical sequence for the Eastern ophiolitic belt
(Robertson and Dixon, 1984, and quoted references). (Modified after Bortolotti et al., 1996).

In Albania, the Jurassic ophiolite sequence (i.e. the
Mirdita Nappe) is thrust onto a west-verging stack of conti- y,re5 and very low-Ti basalt dikes are also found in this

nental thrust sheets composed of sequences detached fTofge; The intermediate-type volcanites are mostly represent-

the Adria margin (i. e. the Krasta-Cukali, Kruja and lonian oq by pillow basalts directly overlying the typical MORB
units). Between the continental units and the ophiolite ophiolite (Bortolotti et al., 1996).

nappe, an assemblage of continental and oceanic thrust” the Eastern ophiolite belt, 3-6 km thick, includes mantle
sheets reported as Rubik Complex (Bortolotti et al., 19967 rgites, mafic-ultramafic cumulates (chromite-bearing
and quoted references) occurs. dunites, chromitites, dunites, websterites, gabbronorites,
The most exposed and best-preserved sequences 0Ccur ifyqnic gabbros, quartz-diorites and plagiogranites), a well
the Mirdita region, northern Albania (Fig. 1). On the basis ye\e|oped sheeted dike complex and a volcanic sequence of
of petrochemical data (Beccaluva et al., 1994), the Albanianyassive and pillow basalts, basalt andesites, andesites,
ophiolites are .SUbd'V'ded into subparalle! Western 'and thegacites and rhyolites (Fig. 2). Boninitic dikes are also re-
Eastern ophiolite belts, NNW-SSE trending with different a4 py Beccaluva et al. (1994). The sedimentary cover is
stratigraphic, petrologic and geochemical features (Shallo e epresented by Middle Jurassic radiolarites (Marcucci and
al., 1987; Shallo, 1992; Beccaluva et al., 1994). . Prela, 1996 and quoted references). In the Eastern belt, the
The Western belt, that is thrusted by the Eastern one, inja1 geochemical characterization of basalt rocks supports
cludes an imbricate stack thrust sheets of ophiolites and th%n origin in a supra-subduction basin (SSZ ophiolites; Bec-
associated sedimentary sequence, (Kalur Cherts, Simoni;|,va et al. 1994). '
Melange and Firza Flysch). Conversely, the Eastern belt is ~aq i the Eastern Mediterranean ophiolites (Spray et al.,
characterized by a h_uge, WeI_I preserved ophiolitic Sequency gg4), slices of metamorphic sole (ISPGJ-IGJIN, 1982:
from mantle ultramafic to sedimentary covers (ISPGJ-IGJN,1983; 1990), represented by garnet-bearing amphibolites,
1982; 1983; 1990). . coarse- to fine-grained amphibolites, garnet-bearing micas-
The Western belt shows an about 3-4 km thick sequenceyists and garnet-bearing paragneisses (Carosi et al., 1996),

which majnly includes, f_ror_n the _bottom up, Iherzolitic.man- occur at the base of the peridotite from Western and Eastern
tle tectonites, a gabbroic intrusive sequence, basaltic dikegg|is.

and pillow lavas with high-Ti (MORB) affinity (Beccaluva " yne gphiglites are unconformably overlain by a thick sedi-
et al., 1994 and quoted references), and Middle Jurassic "3nentary sequence represented by the Late Jurassic- Early

diolarites (Kalur Cherts). The occurrence of a typical sheet-cretaceous sedimentary melange and flysch, hereafter quoted
ed dike complex is not reported. Although the Western belt ¢ gimoni (=Mirdita) Mélange and Firza Flysch respectively,

is largely characterized by MOR-type ophiolites, volcanic spG -GN, 1982: 1983; 1990). Barremian-Senonian shal-
sequences with intermediate MORB-IAT geochemical fea- |, _\water deposits (ISPGJ-IGJN, 1982; 1983; 1990) cover

1 Dunites and Chromitites
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[] Lherzolites, locally serpentinized.
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Fig. 4 - Inferred stratigraphy for Ungrej, Kacinar and Livadhas sequences (not to scale).

unconformably the sedimentary and ophiolitic sequences.  ering (Fig. 7) are widespread in the lower part of the gab-
A more complete list of references in albanian is reportedbroic complex. Locally, breccia textures develop as an ef-
in Shallo et al., 1987; Shallo, 1992 and Beccaluva et al.fect of flow affecting the crystal mush and early solidified
1994, rock fragments (Figs. 8-9). Undeformed veins of gabbro and
plagiogranite cut the visco-plastic flow (Fig. 10). The mag-
matic foliation is cut at low angle by mylonitic shear zones
THE WESTERN MIRDITA GABBROIC COMPLEX (Figs. 6 and 11) recrystallized into high grade amphibolite
facies assemblage with clinopyroxene, plagioclase, red
In spite of intense, orogenic brittle tectonics, the Westernhornblende, and rare orthopyroxene.
ophiolitic belt of the Mirdita region exhibits well preserved Dolerite dikes cut the basal troctolites; they show chilled
sections of a gabbroic complex, showing primary relation- margins, and are devoid of plastic deformation, but are af-
ships with the mantle and the effusive complex. A completefected by widespread secondary blastesis of red hornblende
reconstruction of these sequences was performed by deat the expense of pyroxene and plagioclase. Basaltic dikes,
tailed investigations along N-S aligned sections (Fig.3 anddevoid of important metamorphic effects, occur sparsely
related stratigraphies of Fig. 4). throughout the sequence.

Ungrej Kacinar

In the Ungrej area an east-dipping stack of slices made In the Kacinar area, the gabbroic complex is thrust north-
up of Triassic basalts, gabbros, lherzolites and Rubik comawards by lherzolites slice and bounded southwards by east-
plex crop out (Fig.3 and 4). Even if cut by thrust surfaces,west trending faults (Fig. 4).
the pristine stratigraphy of the gabbroic complex can be ful- The Kacinar section, representing the middle-upper part
ly reconstructed. of the gabbroic complex, begins (Fig. 3) with cumulus

The Ungrej section, representing the lower-middle partmelatroctolites grading to Ol-gabbronorites, with minor
of the gabbroic complex, begins with cumulus melatrocto- troctolite layers. Upwards, the transition to overlying Fe-Ti
lites, with decimetric to metric layers of leucotroctolites, ox-gabbros occurs over some tens of metres, and is poorly
wehrlites and Ol-gabbros, transitional to leucotroctolites. exposed. The Fe-Ti ox-gabbros progressively grade to Fe-Ti
Metric tabular Iherzolite bodies occur in the gabbroic rock; ox-diorites and quartz - diorites with minor intercalations of
they likely represent xenoliths trapped in the crystal mush asolivine gabbronorites. Fe-Ti ox-gabbro-diorites show medi-
a consequence of tectonic effects. Folded cumulates arem-grained hydiomorphic plagioclase with interstitial horn-
overlain by a sequence of cumulitic troctolites, wehrlites blende, with diffuse coarse to pegmatoid patches, where
with minor dunites and leucotroctolites. Isotropic troctolites hornblende grows in parallel, radiating or dendritic aggre-
and Ol-gabbros are prevalent at the top with minor interlay-gates (Fig. 12). Basalt dikes cut the sequence, spaced at the
ered melatroctolites. bottom and more frequent towards the top, where they con-

Magmatic textures such as magmatic foliation, flow-in- stitute a sheeted dike complex with sparse gabbroic screens
duced folding (Fig. 6), boudinage and disruption of the lay- (Fe-Ti ox-gabbro to quartz-diorite). Fractures filled by green
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Fig. 5 - Ungrej. Magmatic foliation, evidenced
by layering, cut by low angle (<45°) metamor-
phic surface.

Fig. 6 - Ungrej. Syn-magmatic folding of a
troctolite layer in melatroctolite.

Fig. 7 - Ungrej. Layering in melatroctolites
flattened and dismembered in magmatic envi-
ronment.
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Fig. 8 - Ungrej. Flattened and aligned troctolite
fragments in melatroctolite matrix.

Fig. 9 - Ungrej. Detail of Fig. 10. Troctolite
fragment fractured and filled by melatroctolite
veinlets.

Fig. 10 - Ungrej. Undeformed vein of gabbro
across layered and lineated melatroctolite.
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olivine- and leucocratic gabbros. Pervasive plastic deforma-
tion and folding is associated with re-equilibration in amphi-

bolite facies. Towards the top, melatroctolites with gabbro
intercalations lack apparent deformation. Dikes of pla-

giogranites and tourmaline-bearing aplites, cut the lower
part of the complex. Serpentinization of melatroctolites is

associated with pervasive rodingitization of gabbros and mi-
nor alteration of plagiogranites.

Livadhas

Near Livadhas, the gabbroic complex occur as a slice be-
tween the Triassic basalts. However, in this area a complete
stratigraphy of the ophiolite sequence from mantle ultra-
mafics to basalts can be reconstructed.

At Livadhas, the ophiolite section includes (Fig. 3) a
lower part represented by serpentinized lherzolites cut by
gabbroic dikes affected by high grade metamorphic recrys-
tallization. Above, spinel - dunites (at least 100 metres
thick) are impregnated by a thick network of centimetric to
decimetric veins of gabbroic composition (Fig. 13).

The gabbroic veins are deformed by isoclinal folds and
re-equilibrated to a granulite assemblage with olivine, pla-
gioclase, ortho- and clinopyroxene, and spinel. Locally, gab-
bro and Fe-Ti ox-gabbro dikes cut the dunites, and are af-
fected by mylonitic shear zone developed under high grade
amphibolite facies characterized by growth of plagioclase,
clinopyroxene and red hornblende. Thrust surfaces separate
the dunites from overlying cumulate dunites and melatrocto-
lites pervasively deformed and recrystallized under high
grade amphibolite facies. They include lenses (metres to de-
cametres thick) of lherzolites, and are cut by undeformed
dikes and pockets of Ol-gabbronorite. Upwards, adcumulus
and heteradcumulus melatroctolites and interbedded gabbros
Fig. 11 - Ungrej. High temperature banded metagabbro cut by amphibole -ShOW localized development of foliation associated with am-
oligoclase and amphibole - albite veins. phibolite facies overprint. The transition to the overlying

gabbros is poorly exposed and occurs in some tens of me-
hornblende diffusing in the host rock cut the screens and eitres. Thick, nearly isotropic, medium-fine grained, Ol-gab-
ther lie parallel or cut the dikes. The section is topped bybronorites and gabbronorites, grade upwards to Fe-Ti ox-
pillow basalts. gabbro-diorites cut by rare fine-grained diorite dikes. At the
top, a sheeted dike complex occurs, characterized by gab-
Munaz broic screens, prevalent in the lower part, and by a network
of dikes with different orientations of strike and dip.

In the Munaz area, a gabbroic complex occurs as a slice
sandwiched between the Rubik Complex and Triassic Vig
basalts (Fig.3). The outcroping section represents a middle
part of the sequence that begins with thick (200-400 m) In the Vig area, a sequence of thrust sheets including
melatroctolite cumulates, locally with millimetric layers of slices of the Rubik Complex, Iherzolites, gabbros and Trias-
Cr-spinel, grading towards the top to troctolites with leuco- sic basalts occur. In the main slice, cumulus troctolites over-
cratic lenses. They show adcumulus and heteradcumulugying the mantle lherzolites, are cut by Fe-Ti ox-quartz dior-
textures characterized by medium to pegmatoid grain sizeite and plagiogranite dikes (Fig. 3).

Green hornblende veins occur sparsely. The boundary with

overlying plagioclase - hornblende diorites is not exposed, Kaster-Kalivac

but occurs in a few metres. The diorites (200-300 m thick)

are characterized by flow foliation and lineation evidenced Near Kaster-Kalivac (Fig. 3), a stack of thrust sheets oc-

by the alignment of elongated prismatic hornblende. curs. The main slice consists of a gabbroic complex repre-
sented by troctolites and melatroctolites, locally showing
Rubik Cr-spinel layers, interlayered towards the top with olivine-

gabbros. Fe-Ti ox-gabbros occur throughout the sequence as
In the Rubik area the gabbroic complex occurs in thelenses and pockets.
same tectonic setting as recognized in the Munaz area
(Fig.3). On the whole, the investigated sections allow a recon-
The Rubik intrusives (about 200 m thick), represent a struction of the Western ophiolite sequence (Fig. 14) that in-
lower - middle part of the gabbroic complex, which begins cludes a mantle section overlain by an gabbroic complex
with melatroctolites and dunites, interbedded with lenses ofconsisting of cumulus dunites, melatroctolites, troctolites,
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Fig. 12 - Kacinar. Coarse to pegmatoid bands
and pockets of euhedral to radiating hornblende
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Fig. 13 - Livadhas. Gabbroic and dunite layers
isoclinally folded in granulite facies conditions.

Fig. 14 - Sketch of the stratigraphy of Mirdita
ophiolites and schematic relationship between
magmatic and metamorphic events.
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Table 1a - Major and trace element analyses of representative dunites, troctolites and olivine-gabbros from Kacinar, Rubil
Ungrej and Munaz-Livadhas.

Plagioclase-
Lithology Spir?el dunite | Melatroctolitg ~ Melatroctolite Melatroctolile Leuco-troctqlite Troctolite Troctolite Troctolife Olivine-ggbbro
Sample AB 56 AB 5 AB 43 AB 75 AB 57 AB 45 AB 49 AB 74 AB 6
Provenance uUngrej Rubik Ungrej Munaz-Livadhas Ungrej Ungrej Ungre, Munaz-Livpdhas Rubjk
Oxide wt%
Sio2 36,98 36,02 38,12 34,03 40,10 3744 48,74 45,51 37,38
TiO2 0,01 0,02 0,10 0,01 0,03 0,07 0,17 0,10 0,04
Al203 3,38 4,30 3,05 13,24 21,41 5,07 23,54 17,07 13,47
Fe203 9,37 8,04 8,30 4,28 4,04 9,35 3,48 6,94 5,96
MnO 0,14 0,12 0,13 0,07 0,05 0,15 0,06 0,10 0,08
MgO 41,51 38,5 38,37 23,31 18,118 35{91 10,23 16,67 45,81
CaO 1,22 1,94 2,38 15,01 9,58 1,98 11,54 8,04 8,91
Na20 0,04 0,00 0,00 0,01 0,89 0,00] 2,08 1,11 0,00
K20 0,00 0,00 0,00 0,01 0,01 0,00] 0,01 0,03 0,01
P205 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
L.O.l 7,35 10,97 9,53 9,95 5,71 10,07 2,12 4,43 8,55
sum 100,09 99,99 99,98 100,00 100/00 99,99 99,99 100,00 1p0,01
Trace ppm
Ba <10| <10 <10 <10 <10 <10 <10 <10| <10|
Co 89 78 77 45 38 82 17 45 44
Cr 2530 1940 1740 26 1135 3350 665] 240 655|
Cu 12 49 9 2 440 44 25 99 36
Nb <3 <3 <3 <3 <3 <3 <3 <3 <3
Ni 1960 1855 1625 1130 400 1480 330 345] 1180
Pb 3 3 b.d.l. 3 b.d.l. 4 3 2 b.d.l.
Rb <5 <5 <5 <5 <5 <5 <5 <5 <5
S 280 610 995 1045 > 1070 1100 265] 335 390
Sc <5 <5 14 6 <5 <5 12 11 6
Sr 31 10 15 113 664 11 180 135 87,
Y 2 2 4 2 2 2 3 4 2
Zn 46 40 44 22 16 51 17 41 28
Zr 3 3 7 3 3 3 8 3 3

Table 1b - Major and trace element analyses of representative gabbros and diorites from Kacinar, Rubik, Ungrej and Muna

Livadhas.
Granulitic
Lithology Metagabbro Metagabbro| Gabbro metagabbro Quartz-diorite  Olivine-gablro  Olivine-gabpro  Olivine-gabbro Olivine-ggbbro
Sample AB 20 AB 54 AB 84 AB 66 AB 52 AB 2 AB 14 AB 34 AB 78
Provenance Kacinar uUngrej Munaz-Livadhas Munaz-Livafhas Ungrej Rubik Kacingr Kacinar Munaz-Ljvadhas
Oxide wt%
Sio2 42,49 49,9 49,78 37,40 48,87 41{05 43,18 47,47 47,91
TiO2 0,08 1,03 0,77 0,04 1,19 0,16 0,14 0,13 0,30
Al203 3,23 18,4 16,37 13,67 20,0 9,64 20,24 21,8D 17,40
Fe203 7,71 7,89 9,02 4,96| 6,58 4,47, 6,03] 4,04 5,30
MnO 0,13 0,15 0,13 0,07] 0,08 0,10 0,10 0,09 0,10
MgO 38,83 8,94 8,85 23,80 5,93 20,5 13,68 10,97 12,p0
CaO 2,29 10,04 9,14 12,0 10,44 17,20 12,87 15/18 14,80
Na20 0,03 3,14 3,20 0,12 4,64 0,07 1,01 0,99 1,43
K20 0,01 0,04 0,13 0,02 0,17 0,00] 0,01 0,00 0,03
P205 0,01 0,01 0,12 0,00 0,25 0,00 0,00 0,00 0,00
L.O.l. 5,20 0,38 2,47 7,82 1,65] 6,71 1,26 0,21 1,84
sum 100,01 100,02 99,98 99,99 10000 99,99 100,01 99,98 190,01
Trace ppm
Ba <10| <10 <10 11 23 <10 <10 <10 <10|
Co 66 32 39 35 30 26 38 21 25
Cr 2775 240 330 640 31 2400 540 2150 1040
Cu b.d.l. 28 14 33 6 73 85 85 69
Nb <3 <3 <3 <3 <3 <3 <3 <3 <3|
Ni 1985 181 114 1100 73 625] 435 345 250
Pb <5 b.d.l. b.d.l. 3 <5 b.d.l. b.d.l. b.d.l. b.d.l]
Rb <5 <5 <5 <5 <5 <5 <5 <5 <5
S 350 295 39 640 20 410 1110 955 175
Sc 11 34 42 9 15 51 23 29 36
Sr 6 133 200 138, 785 5 19 31 122
Y 2 14 25 2 22 7 6 6 10
Zn 43 44 32 22 27 23 33 19 26
Zr 4 16 60 3 107 5 5 4 14]
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Table 1c - Major and trace element analyses of representative Fe-Ti oxide gabbros and diorites from Kacinar.

Fe-Tioxide | Fe-Tioxide | Oxide quartz{ Fe-Tioxide | Fe-Tioxide | Oxide quartz{ Oxide quartz{ Fe-Tioxide | Oxide quartzq Meta oxide- | Fe-Ti oxide
Lithology diorite gabbro diorite diorite diorite diorite diorite diorite diorite diorite gabbro-dioritg
Sample AB 15 AB 16 AB 19 AB 23 AB 24 AB 25 AB 27 AB 28 AB 29 AB 31 AB 36
Provenance Kacinar Kacinar Kacinar Kacinar| Kacina Kacingr Kacinar Kacinar Kacinar Kacipar Kac|nar
Oxide wt%
Sio2 38,28 44,7 45,15 53,12 57,68 47,41 50,20 58,07 49,07 51,63 47,16
TiO2 3,35 4,25 3,94 2,16 1,53 3,62 3125 1,85 2,97 2,59 3,14
Al203 12,30 12,0 10,58 13,42 15,63 12)11 11,60 14,03 11,70 10,95 14,67
Fe203 21,56 18,54 19,73 13,95 10,89 21|53 20,01 15,07 18,93 17,57 15,29
MnO 0,23 0,29 0,26 0,18 0,12 0,28 0,25 0,17 0,28 0,26 0,21
MgO 8,43 7,64 8,19 3,62 2,32 4,60 4/18 3,88 5,49 5,02 6,74
Cao 12,41 8,1 8,26 6,63 3,95 591 492 511 6,28 7,06 8,43
Na20 0,65 2,79 2,34 5,49 7,38 2,90 3/93 5,82 4,15 4,10 3,13
K20 0,06 0,13 0,20 0,10 0,09 0,20 0,22 0,08 0,24 0,05 0,33
P205 0,26 0,35 0,38 0,53 0,24 0,73 0,85 0,39 0,54 0,51 0,22
L.O.l. 2,47 1,0 1,08 0,80 0,76 0,64 0,59 0,54 0,36 0,27 0,67
sum 100,09 100,02 100,00 100,00 99/99 99,93 100,00 100,01 100,01 100,01 99,99
Trace ppm
Ba <10| <10 40 <10 <10 <1 <10 <10 <10 <10 14
Co 99 99 95 60 67 107 100 60 87 77 68
Cr 21 30 34 17 6 18 15 15 34 27 63
Cu 51 57 37 48 32 25 11 33 21 11 33
Nb 5 4 4 5 4 8 7 6 6 5 2
Ni b.d.l. 4 9 3 4 b.d.l, b.d.I 2 13 7 38|
Pb b.d.l. 4 3 b.d.l b.d.l 2 5 3 3 4 2|
Rb <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
S 1530 270 260 1120 695 1030 121 1300 425| 38 1114
Sc 53 50 57 30 19 41 41 31 46 42 40
Sr 375 91 98 152 124 70 63 63 65 76 162
Y 63 50 51 93 96 108 116 123 83 98 35
Zn 225 165 82 75 55 64 66 62 92 86 82
Zr 170 165 160 314 >1120 417| 420 625| 282 310 87|

Table 1d - Major and trace element analyses of representative plagiogranites from Rubik, Munaz-Livadhas, Kacinar and Ungre

Meta- Fe-Ti oxide | Fe-Tioxide | oxide gabbro; Fe-Tioxide | Fe-Ti oxide
Lithology plagiogranite| Plagiogranite  Metagranite Meta-aplite  Plagiogrgnite  Plagiogrnampilegiogranite| plagiogranite| diorite diorite diorite
Sample AB 8 AB 9 AB 11 AB 12 AB 18 AB 30 AB 52' AB 52' AB 69 AB 76 AB 80
Provenance Rubik Rubik Rubik Rubik Kacinar Kacinar| Ungrej Ungre) Munaz-Liv. Munaz-Liv. Munazq iv.
Oxide wt%
Sio2 77,61 67,04 65,89 75,56 44,93 77,49 65,75 65,75 42,37 19,45 47,89
Tio2 0,11 0,14 0,05 0,05 0,18 0,21 0/74 0,74 0,12 0,53 0,59
Al203 12,94 19,1 17,53 14,44 19,01 11471 14,13 14,13 22,42 14,22 18,68
Fe203 0,90 0,90 0,68 0,45 7,04 2,67 6/25 6,25 6,41 9,51 7,41
MnO 0,02 0,01 0,01 0,01 0,12 0,02 0/09 0,09 0,12 0,12 0,12
MgO 0,23 0,63 0,27 0,00 14,69 0,86 2/64 2,64 1,77 11,09 10,61
CaO 0,75 0,29 3,86 0,21 12,38 0,56 3/98 3,98 16,33 9,19 8,52
Na20 6,71 11,31 10,74 5,16 0,82 6,53 4,75 4,75 ,52 B8,71 2,63
K20 0,19 0,01 0,17 3,77 0,01 0,03 0J22 0,22 0,18 0,05 0,10
P205 0,03 0,07 0,04 0,06 0,00 0,02 0/40 0,40 0,00 0,04 0,05
L.O.L 0,52 0,46 0,81 0,29 0,82 0,49 1)05 1,05 3,78 2,07 3,39
sum 100,01 99,9 100,00 100,00 100,00 99,99 100,00 100,00 100,02 99,98 99,99
Trace ppm
Ba 50 <10 30 38 <10 <14 40 40 23 <10 <1(
Co 39 12 5 25 39 13 23 23 26 45 34
Cr b.d.l. b.d.l 3 b.d.l| 870 b.d.l 3 3 115 26 195
Cu b.d.l. b.d.| b.d.lL b.d.|. 57 15 180 180 4 2 58
Nb 7 9 10 19 2 3 2 2 2 2 2
Ni b.d.l. b.d.l b.d.IL b.d.[. 550 b.d.l b.d.l. b.d.|. 147 65 151}
Pb 14 3 21 8 b.d.l| 2 2 2 2 b.d.l| 3
Rb <5 <5 <5 110 <5 <5 <5 <5 <5 <5 <5|
S 19 19 20 19 945 33 33 33 335 25 72
Sc <5 <5 <5 5 24 <5 27 27 53 42 34
Sr 56 24 40 8 24 37 106 106 210 108 120
Y 24 29 24 18 7 22 70 70 5 14 16
Zn 5 <5 <5 5 36 13 19 19 20 38 44
Zr 64 99 50 28 8 425 225 225 4 32 29
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Fig. 15 - AFM diagram for the Mirdita gabbroic

(A) and basaltic (B) rocks. Symbols: 1: Mela-
troctolites; 2: Troctolites and Ol-gabbros; 3:
Gabbronorites and norites; 4: Ol-oxide gabbros;
5: Fe-Ti ox-gabbros and Fe-Ti ox-diorites; 6:
Fe-Ti ox-quartz diorites; 7: Quartz-diorites; 8:

Plagiogranites. 9: Ungrej dolerites; 10: Ungrej
A M M high Ti basaltic dikes; 11: Munaz Livadhas dike
complex; 12: Kacinar dike complex.

norites, gabbros, Fe-Ti ox-gabbro - diorite. At the bottom of strongly differ for the crystallization of hornblende instead
the cumulus sequence, dikes are rare and become more fref pyroxenes, and for the appearance of Fe-Ti oxides, some-
quent upwards; to the top, they form a sheeted dike compleximes coexisting with Fe-rich olivine. In the AFM diagram
with minor gabbro screens. The whole gabbroic complexthis corresponds to a decrease of M/F, whereas no evident A
shows magmatic structures as lineation, foliation, bandingincrease results, in spite of higher Ab/An in plagioclase; this
and folding, cut at low angle by mylonitic shear zones de-is a consequence of the melanocratic character of these
veloped under amphibolite facies conditions. The mylonitic rocks. The transition between Fe-Ti ox-gabbro and Fe-Ti
shear zones are widespread at the base of the gabbroic corox-diorites is not obvious in the field, conversely, in the
plex and rarer towards the top, where the brittle deformationAFM diagram, a compositional gap expressed by a sharp
prevails. difference in M/F, separates gabbroic from dioritic composi-
tions, depending on increased oxides/femic silicates ratio.
The highest F corresponds to Fe-Ti ox-quartz - diorites that

PETROCHEMICAL FEATURES show low modal quartz. The progressive parallel decrease
of femic phases and of anorthite in plagioclase is evidenced
Analytical techniques by the shift of compositions towards A that marks the transi-

tion to plagiogranites.

Whole rock major and trace element abundances for gab- A different trend is shown by (Fe-Ti oxide free) quartz-
bros and basalts of the Mirdita ophiolite were determined bydiorite dikes, characterized by constant F/M, that expresses
XRF techniques using a Philips PW 1480 XR spectrometerthe homogeneous composition of the femic phases (horn-
at the Dipartimento di Scienze della Terra, Universita di blende), and by increasing A, that corresponds to the transi-
Genova. Intensities were elaborated according to Franzini etion from mesocratic to leucocratic compositions.
al. (1975) and Leoni and Saitta’s (1975) methods. Loss on
ignition (LOI) was determined by the gravimetric method. The basaltic dikes
Representative compositions of plutonites and basic effu-
sives are in Tab. 1. The sheeted dikes at Kacinar and Livadhas, and basaltic

dikes at Ungrej show typical tholeiitic trend on the AFM di-
The gabbroic complex agram and high-Ti MOR affinity in the Ti/Cr vs. Ni correla-
tion (Beccaluva et al., 1983, Fig. 16). The dikes have an

The investigated gabbroic complex represents a com-overall MORB-type pattern in Rock/MORB normalized spi-
plete tholeiitic gabbroic intrusion controlled by fractiona- derdiagram (Fig. 17), with slightly higher Rb and Ba. In ad-
tion and accumulation. The relationships between crystal-dition, a La and Gd positive anomaly and Ce and Dy nega-
lization and accumulation with chemical compositions are tive anomaly occurs at Ungrej and Livadhas, in contrast
obvious in a AFM diagram (Fig. 15A). In melatroctolites with a negative La anomaly in Kacinar basalts.
and rarer dunites, the composition reflects the segregation TiO2 wt% ranges between 0.62-1.26 (Kacinar), 1.2-1.87
and growth (adcumulus and heteradcumulus) of olivine (Ungrej), and 0.90-1.72 (Livadhas); Zr ppm between 17-55
(Fo=88 mole%) and subordinate An-rich plagioclaseXAn (Kacinar), 82-165 (Ungrej), and 44-182 (Livadhas); Y ppm
90 mole %). In troctolites the M/F ratio is constant, where- between 21-35 (Kacinar), 35-61 (Ungrej), and 26-41 (Li-
as higher A evidences both a modal increase of plagioclaseadhas). These values are consistent with MORB abun-
up to leucocratic compositions, and a moderate decrease afances, and indicate a progressive enrichment in incompati-
An content. ble elements from present N to S.

The thick layers of gabbronorites and norites show de- Compared to basaltic dikes, dolerites intruding the base
creased M/F, with intermediate A, as a consequence of pyef the gabbro sequence at Ungrej, show higher alkali abun-
roxene crystallization and accumulation in mesocratic com-dance (Fig. 15B) and lower Ni abundances, so that they cor-
positions. The higher levels in the cumulus sequence respond to IAT and very low Ti basalt (Fig. 21). They also
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Fig. 16 - Ti/Cr vs. Ni discrimination diagram (after Beccaluva et al., 1983)
for Ungrej dolerites and Munaz Livadhas and Kacinar dike complexes;
symbols as in Fig. 15.

evidence average patterns lower than MORB (Fig. 17), ex-
cept for Rb, Ba, K, Sr, Na, Al and Sc.

DISCUSSION AND CONCLUDING REMARKS

The western Mirdita gabbros can be, on the whole, as-
cribed to a unitary genetic model, although important differ-
ences occur locally; the emplacement of parental liquids, the
crystallization of gabbros and the tectonic overprints, scan
the timing of the evolution of the ridge segment. The first
recorded episode, represented by dunites impregnated b
gabbro veins, occurs likely during the early uplift phase of
the lherzolites. At the moment, data are insufficient to as-
sess if dunites are i) early cumulates (e.g. Flinn, 1996), ii)
refractory of an important extraction of melt (Boudier and
Nicolas, 1977), ii) replacive dunites (Cannat and Lécuyer,
1991; Ceuleneer and Rabinowicz, 1992; Kelemen et al.
1997). The hypotheses ii) and iii) can better account for th
high Cr content in dunite spinels (100Cr/Cr+Al > 80).
Spinels in granulitic metagabbros have higher Al contents
and decreasing Cr/Mg, and strongly differ from the high Al
chromites in cumulitic melatroctolites (unpublished data).
They likely originate by fractionation from the liquids im-
pregnating the dunite, and re-equilibration under granulite
facies conditions.

The melting and channeling of gabbroic veins is consid-

ered associated with a plastic strain that played a prominen
role in the drainage of small melt pools, and occurred in the

plagioclase Iherzolite facies (as, e.g. at Lanzo and Trinity).
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A sequence of lherzolites cut by plagioclase-rich gabbro
veins and tabular dunite pods can be compared with the
¥rinity ophiolite, where these features are observed 200-300
metres below the petrological paleo-Moho (Quick, 1981).
However, at Livadhas an important ductile flow likely sub-
horizontal, associated with reconstitution in granulite facies,
post-dates the dunites and the gabbro veins. The dunite and
gabbroic granulite layers represent a transition level gener-

‘ated at the boundary between an upwelling lherzolite man-
€ile, and the lithospheric magma chambers.

The overlying cumulus complex is characterized by a
tholeiite-type vertical fractionation from i) olivine + plagio-
clase and rare Al-Cr bearing spinel cumulates through ii) the
crystallization of scarce troctolites and prevalent Ol-norite
and gabbro norites, to iii) the precipitation of Fe-Ti oxides
in hornblende gabbros and diorites. The more evolved com-
positions are represented by quartz - bearing hornblende

iorites and plagiogranites, mostly as dikes and pockets.

During the fractional crystallization of the gabbroic com-
plex, tectonic events developed in an ocean floor environ-
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Table 2 - Timing and nature of events in the Mirdita ophiolite.

GEODYNAMIC MAGMATIC
ENVIRONMENT T%CVTE?\]'\#SCS EVENTS METAMORPHISM
z IAT dolerite dikes Amphibolite facies
A O water diffusion
oE .
20 . MOR basaltic dikes Greenschist and
mZ Fracturing and sheeted complex low-T
2 ||: amphibolite facies
g o) Tectonic dision Water diffusion
- of the chamber(s) lid o
DN Low-T amphibolite
Brittle fracturing facies on top
w
Shear High-T
L surfaces at depth amphibolite facies
s at depth
= (<,,:) Visco-plastic flow Fractional
_ a8) in the crystal mush crystallization
O and cumulus
= =
< Opening of magmatic Emplacement of
L chambers MORSB liquids
Q - : —
@) Foliation and folding Granulite facies
Hydrofracturing Gabbro veining
Replacive (?) dunites

ment, recorded by magmatic foliation and compositional faces, in the upper part, it is accomodated by brittle defor-
layering, frequent in basal melatroctolites, and in the cumu-mation as faults and hornblende-filled veins, preceding and
lus pile up to the diorites. At the base, magmatic foliation coeval to the emplacement of sheeted dikes. The elision of
and lineation are associated with folding, boudinage andsuch cover necessarily occurred during the extensional tec-
necking of the pre-existing layering. tonics. The gabbro screens intruded by the basalt dikes show

In turn, the magmatic foliation is cut at low angle by my- coarse hypidiomorphic textures, therefore indicating the
lonitic shear zones with high-T amphibolite facies assem-presence of an older confining cover. The basaltic dikes rep-
blages. Shear zones are rarely developed towards the top oésent a third magmatic event post-dating the main exten-
the sequence. In the uppermost part of the gabbroic complesgional tectonics.
as well as in the sheeted dike complex, faults and horn- On the whole, the stretched oceanic crust represented by
blende-filled veins are widespread. western ophiolite sequence of Albania underwent episodic

MOR basalts and diorite - plagiogranite dikes cut the my- magmatic events during extensional tectonics, as already en-
lonitic shear zones, but no evidence allows to assess the reldsaged in some ophiolite sequences and in their modern
ative timing of intrusion. The succession of events is synthe-analogues at slow and intermediate spreading ridges (e.g.
sized in Tab. 2. Varga and Moores, 1985; Alexander and Harper, 1992).

On the whole, the structural features recognized in the The sheeted dikes at Kacinar and Livadhas, and basaltic
gabbroic complex from Western Mirdita ophiolites reveal dikes at Ungrej show typical MOR tholeiite features. Minor
the occurrence of a long-lived, continuous extensional tec-differences between the trends of Kacinar and Livadhas com-
tonics during the opening of temporary magmatic chambersplexes express the composition of different magma batches.
and during the cumulus phases. The reduced thickness of The dolerites with IAT affinity intruding the basal mela-
the whole gabbroic complex can be regarded as the result dfoctolite level represent a further magmatic event. The well
such regime. This is also suggested by the occurrence of indeveloped chilled margins are consistent with the emplace-
complete sequences, as in the Munaz section, where part ohent in a cooled cumulus pile; on the other hand, the devel-
the gabbroic complex was probably stripped off along aopment of secondary hornblende evidences water diffusion
low-angle shear zone during the extensional tectonics, andinder high grade amphibolite conditions coeval with the
diorites were emplaced with textures of syn-tectonic flow dike emplacement. Thus, it can be envisaged that i) relative-
directly above cumulus melatroctolites. ly high temperatures were preserved at the bottom of the

Whereas in the lower part of the gabbroic complex thegabbroic complex until the intrusion of the dolerites, or, ii)
extensional tectonics results in low angle dipping shear surit is possible that the water diffusion, the dolerite emplace-
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ment and the thermal increase represent a separate geodBertolotti V., Kodra A., Marroni M., Mustafa F., Pandolfi L., Prin-
namic event. The IAT geochemical affinity also character- cipi G. and Saccani E., 1996. Geology and petrology of the
izes part of basaltic effusives (Bortolotti et al., 1996 and un-  ophiolitic sequences in the Mirdita region, northern Albania.
published data); this makes problematic the interpretation of _Ofioliti , 21: 3-20. _

the relationships between the Western and the Eastern afoudier F. and Nicolas A., 1977. Structural control on partial melt-
banian ophiolites; anyway, a possible implication of MOR ing in the Lanzo peridotites. in: Dept. Geol. Mineral. Ind., 96:

hiolites i type setti be inferred 63-78.
ophiolites In an arc-type setting can be interred. Boudier F. and Nicolas A., 1985. Hazburgites and Lherzolites sub-

On the whole, the stratigraphy of the gabbroic complex 565 in ophiolitic and oceanic environments. Earth and Planet.
strongly suggests that the western Mirdita ophiolite repre-  Sci. Lett., 76: 84-92.
sents an ocean crust section originated in a mid - oceaBoudier F., Meshi A. and Nicolas A., 1997. The Mirdita ophiolite
ridge, evolving to off-axis environment. The crustal thick-  (Albania): Tethyan Early Jurassic slow - spreading. Terra No-
ness not exceeding 700 m, the occurrence of plastic defor- va, 9: 516.
mation represented by shear zones, the omissions within th€annat M. and Lécuyer Ch., 1991. Ephemeral magma chambers in
gabbroic complex, and the delamination of the cover above the Trinity peridotite, northern California., Tectonophysics,
gabbros, support that extensional tectonics was effective 186, 3/4: 313-328. _
during o sproading. However, ) th presence ofarge gabC#1o% B Coresogie L Caggera L aro 1996, Ceo
broic intrusions, and of a sheeted dike complex ii) the lack the Mirdita ophiolites. Albania. Ofioliti. 21: 21-40
of OPh'O“.“C breccias, and iii) of widely s_erpentlnlzed ultra- Ceuleneer G. aﬁd Rabinowicz M., 1992. Mantle flow and melt mi-
mafites directly exposed at the seafloor, iv) the moderate de- " gration beneath oceanic ridges: models derived from observa-
velopmeqt of dgctlle and brlttle_ deformanon_ associated with  tions in ophiolites. Geophys. Monograph 71 “Mantle flow and
amphibolite facies metamorphism, v) the virtual absence of melt generation at mid-ocean ridges”, Morgan J.P., Blackman
a hydrothermal, low-grade, off-axis metamorphism in gab- D.K., Sinton J.M. Editors, AGU: 123-154
bros (e.g. compared to MARK area, Gaggero and Cortesog€ochran J.R. and Sempere J.C., 1997. The Southeast Indian Ridge
no, 1997; and to Northern Apennine ophiolites, Cortesogno between 88 degrees E and 118 degrees E: gravity anomalies
and Lucchetti, 1982), vi) the occurrence of a probably con- and crustal accretion at intermediate spreading rates. Jour. Geo-
tinuous layer of pillow basalts, make the Western Mirdita _ Phys. Res., 102, B7: 15462-15487. _ _
ophiolite different from slow spreading ridges, to which jt Cortesogno L. and Lucchetti G., 1982. Il metamorphismo oceanico
has been assimilated (Boudier et al., 1997). By contrast, the nei gabbri of_|0_I|t|C| dell’Appennino _ngure. aspetti mineralogici
stratigraphy, the lithospheric thickness, the deformational e paragenetici. Rend. SIMP., 32/2: 561-579.

- Coleman R.G., 1977. Ophiolites - Ancient oceanic lithosphere?
features, and the character of seafloor alteration rather sug- Springer Verlag, Minerals and Rocks, 12, 229 pp.

gest that the Mirdita ophiolite is an analogue of intermediate|inn D., 1996. The Shetland Ophiolite Complex: field evidence
s_preadmg oceanic lithosphere at a present-day mid-ocean for the intrusive emplacement of the “cumulate” layers. Scot-
ridge (Ma and Cochran, 1997; Cochran and Sempere, 1997; tish Jour. Geol., 32/2; 151-158.
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